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Abstract

Death distribution methods, particularly the Generalized Growth Balance (GGB) and

the Synthetic Extinct Generations (SEG) methods, have been observed to lead to the

most accurate estimates when estimating mortality [1]. The more general version of

the SEG method corrects for differential coverage of censuses directly by adding a con-

stant (6) to the age-specific growth rates such that the correction leads to a horizontal

series of age specific estimates of completeness. This research attempts to obtain the

best variation of this version of the SEG method from a range of choices for an open

interval age as well as well as methods of estimating life expectancy. completeness and

6. This task is accomplished by starting with a base population with known mortality

then applying random errors in completeness. age misstatement and net migration to it

to generate numerous datasets consisting of simulated census counts and simulated vital

registration deaths by age. Variations of the SEG method are then applied to the simu-

lated datasets to correct for the underestimation of mortality caused by the data errors.

The best variations are found by statistical analysis of the difference between the true

mortality and the estimated mortality for each variation and dataset generated. Using

the Coale and Demeny model life tables to estimate life expectancy. selecting the a that

results in a minimum variance in the age specific estimates of completeness. estimating

completeness using the median value of the age specific. estimates Of completeness for

ages 15 and older and using the 85+ age group for the open interval is observed to be

the variation of the SEG method that leads to the most accurate estimates of mortality.

Univ
ers

ity
 of

 C
ap

e T
ow

n



Acknowledgements

I would like to thank all people who have helped and inspired me during my masters

study.

I especially want to thank my advisor. Professor Rob Dorrington, for his guidance during

my research and study at the University of Cape Town. His advice, support and direction

in this research has been invaluable and I especially appreciate his being accessible and

willing to help with this research. spurring me on even when work commitments were

hindering my progress.

Associate Professor Tom Moultrie deserves a special thanks as my student advisor and

course convener. I would like to thank him for the help for the duration of the degree

and for hiring me as a tutor for Basic Demography and Biostatistics for demographers.

My deepest gratitude goes to my physical family for their unflagging love and support

throughout my life: this dissertation is simply impossible without them. I am indebted

to my mother. Mrs Helen Msemburi, for her care and love and to my three brothers:

Leo, Tom and Andrew. Particularly Thomas who has supported and encouraged me

every step of the way and has exemplified diligence and strength. I am also thankful to

my spiritual family, His People (Baxter). Thank you to all my pastors and friends there.

I extend my heartfelt appreciation to my dear lady Hilda. my closest friend and my

treasure in this world. Her love and support have been an anchor in the most trying

storms. Love you lots my girl, both now and always.

The generous support from the Mellon fund is greatly appreciated. Without their sup-

port, my ambition to pursue this M Phil would not have been realized.

Last but not least, thanks be to God for my life through all tests and victories in the

past six years. My Father, my Savior, my Lord. You have made my life more bountiful.

May your name be exalted. honored. and glorified.

iii

Univ
ers

ity
 of

 C
ap

e T
ow

n



Contents

Plagiarism Declaration

Abstract ii

Acknowledgements iii

List of Figures vi

List of Tables vii

Abbreviations viii

Symbols ix

1 Introduction 1

2 Review of the Literature 5
2.1 The General Growth Balance (GGB) Method ........

2.1.1 Theoretical Foundations . . . 5
2.2 The Synthetic Extinct Generations (SEG) method ........ . 7

2.2.1 Theoretical Foundations . . . .
2.2.2 Generalizing to allow for differential census coverage (6) 11

2.3 Assessment of the impact of Violation of assumptions through Sensitivity
analysis and Simulation ........ . 12

2.4 Current research. on Death Distribution Methods ..... . . . 14

3 Methodology 17
3.1 Overview ........................................................................................................................ 17
3.2 Error distributions simulated . ..... .........   18
3.3 Definition of principal terms .....................................................................................  18
3.4 Generating the reported data ........... . . . . .   20

3.4.1 Base Population ............................................................................................  20
3.4.2 Completeness and Coverage ........................................................................ 20
3.-1.3 Systematic Age Mis-Statement ................................................................. 20
3.4.4 Stochastic Age Mis-Statement ....................................................................  21
3.4.5 Net Migration ................................................................................................ 23

3.5 Applying the Synthetic Extinct Generations (SEG) method ........................ 24

iv

Univ
ers

ity
 of

 C
ap

e T
ow

n



Contents

3.5.1 The open interval age and the method for estimating life expectancy. 26
3.5.2 Methods for estimating life expectancy ...................................................  26

3.5.2.1 Using INDEPTH model Life tables ...................................... 26
3.5.2.2 Using the Coale and Demeny (West) Model Life Table .  27
3.5.2.3 The ratio of deaths of young to old (30d10/20d40 ) ....................... ....... 28
3.5.2.4 The True Value ...........................................................................  28

3.5.3 Estimating delta 6 to correct for differential coverage ........................ 29
3.5.4 The age range and statistic to estimate completeness . . . . . 29

4 Results 31
-1.1 Scenarios for coverage and completeness statistical distributions .................  31
4.2 Form of the Output ................................................................................................... 32
4.3 SEG with GGB results ...............................................................................................  33

4.3.1 ANOVA of SEG with GGB results .......................................................... 34
4.3.2 ANOVA of SEG with GGB ranked results ............................................  35

4.4 SEG + 6 results .........................................................................................................  37
4.4.1 ANOVA of SEG + a results . . . .........   38

4.5 Comparison of the two methods ..............................................................................  42

5 Discussion 44
5.1 The generated datasets ...............................................................................................  44

5.1.1 The base population .....................................................................................  44
5.1.2 The generated reported data ....................................................................  45

5.2 The 6 correction .......................................................................................................... 48
5.3 Reasonableness of migration and mortality assumptions ............................... 51
5.4 Methodology and analysis . . ............... .  52

References 55

APPENDIX A: Four generated datasets and ASSA base population 58

APPENDIX B: Average Absolute Percentage Deviations 60

APPENDIX C: R Code 66

APPENDIX D: VBA Code 68

Univ
ers

ity
 of

 C
ap

e T
ow

n



List of Figures

3.1 Simulation -Measurement 1odel - Source: Murray et al [7j page 29 . . 19
3.2 Age Pattern of Migration - Source: Murray et al [7] Figure 2c . . . . 23
3.3 An example of the effect of the () correction on the (.(x) . . . . . . . . 29

4.1 Interaction plots of life expectancy method and estimate of completeness
with h, L for the SEG with GGB method . ..... .......... 36

4.2 Interaction plots of estimate of completeness and open interval age with
h for the SEG with GGB method ........................................................................ 37

4.3 Interaction plot of options for methods of estimating life expectancy
method and 6 for d for the SEG ± 6 method . . . . ......... . 40

4.4 Interaction plot of options for methods of estimating (5 and completeness
for d, for the SEG ± () method . . . . . ................ . 41

4.5 Interaction plot of options for methods of estimating completeness and
the open interval age for d for the SEG + S method . ..... . . . 42

5.1 The base population estimated completeness by age. estimated using the
SEG method . . . . .............. . ..... . . . . . 46

5.2 Line graph showing coverage and completeness by age ..................................  47
5.3 Line graphs of the actual and estimated completeness by age Dataset 1  49
5.4 Line graphs of the actual and estimated completeness by age Dataset 2  49
5.5 Line graphs of the true and estimated completeness by age Dataset 3 . .  50
5.6 Line graphs of the actual and estimated completeness by age Dataset 4 50

7 True base counts and generated counts for 1st census . . „ . 58
8 True base counts and generated counts for 2nd census . . 59
9 True base counts and generated counts for. VR, deaths . . . 59

vi

Univ
ers

ity
 of

 C
ap

e T
ow

n



is of Tables

4.1 Letters used to represent the various parameters ..... . . . . . 32
4.2 ANOVA of SEG with GGB results ........................................................................ 34
4.3 ANOVA of SEG with GGB ranked results .......................................................... 35
4A ANOVA of SEG + 6 results .....................................................................................  38
4.5 Comparison of SEG with GGB and SEG + § results ...................................... 43

5.1 HIV/AIDS statistics of base population . ..... .   45
5.2 Generated Results for 4 datasets assessing correction ..................................  48

3 Average Absolute Percentage Deviations for the SEG ± ..... . .  60
4 Average Absolute Percentage Deviations for the SEG + ci (ctd) ................. 61
5 Average Absolute Percentage Deviations for the SEG ± (ctd) ................. 62
6 Average Absolute Percentage Deviations for the SEG ± 8 (ctd) ................. 63
7 Average Absolute Percentage Deviations for the SEG + 6 (ctd) ................. 64
8 Average Absolute Percentage Deviations for the SEG + GGB method .  65

vii

Univ
ers

ity
 of

 C
ap

e T
ow

n



Abbreviations

DDM Death Distribution Method

GGB General Growth Balance

PDF Probability Density Function

SEG Synthetic Extinct Generations

WHO World. Health Organisation

viii

Univ
ers

ity
 of

 C
ap

e T
ow

n



Symbols

nqx The probability of an average person aged exactly x dying within n years

ix

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter 1

Introduction

Demographers carry a social. professional and ethical obligation to estimate accurate

statistics when reporting on various aspects of the populations they study. This re-

sponsibility is particularly significant when it comes to estimating population mortality

because the level of mortality is of high socio-economic relevance. Mortality statistics

are often the primary inputs in the assessment of the effectiveness of health policy and

the monitoring of specific health programmes [ .̀2 and they can be helpful in the for-

mulation of economic policy based on the causal and associative connections that exist

between the level of mortality and economic deprivation [3]. Mortality statistics are also

indicators of interest in the global quest to attain specific millennium development goals

[4]. The onus falls on researchers to estimate mortality using the sources of mortality

data and the methods of mortality estimation that are known to be most accurate and

where possible to give a quantified indication of the error in the estimates obtained.

Death reports of a country's entire population should ideally be captured by the coun-

try's vital registration system. Mortality rates can then be estimated using these reports

of death as numerators with census counts providing the necessary exposure to risk de-

nominators. In developed countries, estimation of mortality is thus a trivial exercise

since statistics on the dead are based on data from functioning civil registration systems

[5] and statistics on the living are based on census data with high coverage. For such

countries. census enumeration is often of a high standard in terms of accuracy in the

information provided and the completeness of the reporting. In the developing world.

particularly sub-Saharan Africa. this is not so.
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Introduction

In their assessment of global data on death registration for the member countries of the

World Health Organization (WHO). Mathers et al [6] observed that at the end of 2003.

data on death registration were available from 115 countries. The data were complete for

only 61 countries with completeness of death registration varying from approximately

100% in the WHO European Region to less than 10% in the African Region. Only 23

countries were observed to have data more than 90% complete and there were 28 coun-

tries where the data were less than 70% complete. This led Mathers et al [6] to conclude

that few countries had good-quality data on mortality that could be used to adequately

support policy development and implementation. Numerous indirect methods of mor-

tality estimation that have been developed. However, estimation of mortality under

such conditions remains a difficult process with demographers often deriving mortality

estimates using data generated from a variety of sources that are inaccurate in their

representation of the population as a whole [5]. As stated above. questions arise as to

the best methods of mortality estimation to use under these conditions.

Hill [1] applied a range of mortality estimation methods to data from Guatemala in

order to compare them and where possible rank them according to which was best at

estimating mortality in countries such as Guatemala and particularly countries lacking

complete vital registration of death and accurate periodic censuses. His research in-

volved the application of several methods falling into three distinct classes: Intercensal

survival methods, death distribution methods (DDMs ) and indirect methods based on

the survival of close relatives. Based on his investigations. Hill [1] concluded that the

death distribution methods. particularly either of two such methods. the Generalized

Growth Balance (GGB) and the Synthetic Extinct Generations (SEG) methods would

give the best results due to their providing age-period specific estimates of mortality

rates.

In summary, the SEG method requires population counts for two censuses and the

reported deaths for the intercensal period. It also requires as an input parameter, an

estimate of life expectancy at the oldest age group. Two sets of age specific estimates of

the population are derived. the first set derived from the census data and the second set

derived from the reported deaths. Estimates of completeness by age are then derived

-using the ratios of the two sets of age specific population estimates. The mean or the

median of the age specific estimates of completeness over a select age-range is used to

estimate overall completeness of death reporting which in turn is used to adjust the
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Introduction 3

reported deaths accordingly.

The accuracy of the SEG method is highly vulnerable to differential coverage in the two

censuses [7]. The conventional approach is to account for this differential coverage using

the GGB method as suggested by Hill. You and Choi [8] and Hill and Choi [9] before

them. However it has been observed that it can be equally good or better generalize the

SEG method to account for this differential coverage directly, by adding a constant (a)

to each of the age specific growth rates where S is chosen so that the age specific growth

rates lead to an approximately flat series of age specific estimates of completeness [10].

This research investigates which is the best of a combination of:

• A range of open intervals

• Methods of estimating life expectancy at the age of the open interval

• Criteria for estimating 6

• Methods of determining completeness when applying the general form of the SEG

method.

In addition, the performance of the SEG method using the GGB method to determine

relative coverage of the censuses and the traditional form of the SEG method which does

not account for any differential coverage, are compared to that of the more general form

of the SEG method.

Although the list of variations of the SEG method from which the best alternatives

are to be selected is not an exhaustive list, comparison of the variations investigated

and information on their contribution to the accuracy of the SEG method is important

because these variations can be used in practice. Besides providing criteria by which the

various variations of the SEG method can be ranked from best to worst, this research

is expected to provide information on the interactions of these variations as well as any

weaknesses in the method itself.

Chapter 1 provides the background for the research. an introduction to the SEG method

and a summary of the Research Problem. This chapter also details time significance of

the study. summarizes the expected outcomes and provides a chapter outline. Chapter

2 provides a review of relevant literature with particular emphasis on the theoretical
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Introduction 4

foundations of both the General Growth Balance (GGB) and the Synthetic Extinct

Generations (SEG) methods. Concepts such as the constant 6 are defined and articles

on relevant mortality estimation research conducted using simulation and sensitivity

analysis as well as articles detailing any other current methodological paradigms are

reviewed. Chapter 3 provides the methodological approach used for this research. with

more detailed information on the the principal terms used in analysis, the base popu-

lation generated and the generated reported data based on the statistical distributions

of completeness, systematic age mis-statement. stochastic age mis-statement and net

migration. This chapter also contains details on the application of the Synthetic Ex-

tinct Generations (SEG) method to the generated reported data. Chapter 4 provides

the main analysis of the results. Finally. chapter 5 discusses certain aspects of the re-

sults, critically assessing the methodology were necessary. The conclusions based on the

research are also provided in this chapter.
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Chapter 2

Review  of the Literature

2.1 The General Growth Balance (GGB) Method

2.1.1 Theoretical Foundations

Essentially the General Growth balance (GGB) method, proposed by Hill [11], estimates

completeness of reporting of deaths (relative to the most complete of the censuses) by

comparing the mortality rate of those aged x and older estimated from the reported

deaths with that derived from the balance equations linking 5 P,±1 to 5 P,. This method

generalizes the Growth Balance method originally proposed by Brass [12j. To derive

the relationships used, one can begin by assessing the demographic balancing equation

for a closed population. Let P 1 and P9 represent the numbers in a population at the

beginning and end of a period of t years, let B represent the number of births during

this period, and let D represent the number of deaths during this period. The balancing

equation conventionally written as P, = P 1 + B D can be rewritten:

B — P2 = D (2.1)

Since being born within a particular period can be defined as attaining exact, age 0

within that period and since those who either die within the period or are living at

either the beginning or end of the period. are of age 0 and older. Equation 2.1 can be

re-written as

N(0) + P1(0+) — P2(0+) = D(0+) (2.2)

5
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Review of the literature 6

where P1(0+) and. P9 (0+) represent the numbers of persons aged 0 and over in the

population at the beginning and ending of the period. D(0+) represents the number of

deaths during the period to those aged 0 and over at the start of the period, and .V(0)

denotes the number of those born during the period.

This balancing equation can be generalized for all ages to give:

Equation 2.3 is the basis for the GGB method. Assuming that PyL(x+),the number

of person years lived during the t years of the intercensal period by persons aged x and

over, can be estimated using the geometric mean of P2 (x+) and Pi (x+) (United Nations

[13] page 34), i.e.

Dividing Equation 2.3 through by PyL (x+) reduces it to

where

The terms in Equation 2.5 are functions of the true and not observed quantities. Let k 1

and k2 denote the extent of coverage of the first and second censuses respectively and

let c denote the completeness of reporting of deaths. By definition .

where Pr (r+ ). (x+) and D* +) denote the observed values of P1 (x+), P2 ( x+) and

D(x+) respectively. Substitution of these expressions for the true quantities as given in
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Review of the literature 7

Equations 2A and 2.12 below

allows one to estimate the completeness of death reporting and the relative coverage of

the censuses. Hill

shows that the GGB method is particularly vulnerable to errors in age reporting

2.2 The Synthetic Extinct Generations (SEG) method

2.2.1 Theoretical Foundations

Essentially the SEG method estimates the completeness of reporting of deaths (relative

to the census) by comparing estimates of the numbers in the population at each age with

the numbers counted on average in the censuses. The origins of the SEG method can

be traced to the extinct generations method formulated by Vincent in 1951 (cited by

Bennett and Horiuchi [14_) and was then formalized in the subsequent stable population

relationship derived by Preston et al (cited. in Bennett and Horiuchi [14]). Vincent

derived an estimate of the number of people in a cohort at a time point t aged a using

the numbers of the deaths of the members of that cohort from time t till all the members

of that cohort had died i.e.

where w is the age at which the final living member of the cohort dies.

This equation can be rewritten under conditions of stability by assuming discrete age

and time. By definition. for a stable population. D(a.t y) = D(a, t)erY,where r is the

age-independent population growth rate. Therefore N(a , t) can be rewritten as
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Review of the literature 8

For the transformation g = x a, N (a. t) is thus equivalent to

which is a reduction of Preston et al (cited by Bennett and Horiuchi [14] as equation

(3)).'

Preston et al (cited in. Bennett and Horiuchi [14j) show that for a stable population, the

number in the population at time t aged a can be equated to the deaths of those who

at time t are aged x for all x > a, where these deaths are weighted by the exponents of

the product of a constant population growth rate and the difference between x and a.

To generalize the above relationship to non-stable closed populations with age specific

growth rates, Bennett and Horiuchi [141 adapted Equation 2.16 to:
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Review of the literature 9

given by Bennett and Horiuchi [14] on page 210.

Based on this equation, Bennett and Horiuchi [14] formulated the Synthetic Extinct

Generations (SEG) method in order to estimate the completeness of death reporting

and hence to correct the estimate of current mortality. The SEG method. corrects for

incompleteness of reporting of deaths for the period between two censuses by supposing

that if the death reporting were complete relative to the census enumeration then the

population estimate derived from the deaths would be equal to the population estimate

derived from the censuses. If however the death reporting is not complete and complete-

ness is constant with respect to age, completeness can be estimated from the ratio of the

size of the population derived from the reported deaths to the population size derived

from the censuses.

Working quinquennially. the SEG method requires the following data:

For these data, x runs over the age range [0, A) where A is the lower bound of the open

interval. The SEG method also requires PI ( A+). P2(A+) and D(A+) which are the

observed counts for the first and second censuses and for the reported deaths at the

open interval age A+
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Review of the literature 10

The observed age specific growth rates r(x, 5) can be derived from the census counts

through the relationship:

Next (x), the estimate of the population aged x based on the vital registration death

data. is estimated first. For the open interval. N(A+) estimating:

where D(A+) and r(A+) are respectively the deaths and the rate of growth for the open

interval and e(A) is the life expectancy at the lower bound of this open interval. then

iteratively downwards for all other ages below the open interval [Li]:

Following this. the number reaching age x over the t years based on the age distribution

given by the census data is estimated

Completeness c is derived from each c(x) which is the ratio of the population according

to the reported deaths to the population according to the censuses for age-interval x:

which estimates the completeness of the reporting of deaths for ages a and older.

It is likely that the c(x) values vary by age based on the completeness of reporting

being lower for certain ages, particularly the extreme ages, that is the very old and the

very young. To estimate c which is the measure of completeness of all death reporting

independent of age. a statistic must be derived from the age specific c(x) values that

is least affected by age-specific fluctuations in completeness while still being the most

accurate estimate of overall completeness. The median or mean c(x) value is selected

for this purpose although the mean has the disadvantage of giving equal weighting to
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Review of the literature 11

the c(x) values across all x. Since the c(x) values for the extreme ages are consequently

most likely to have completeness of death reporting that is furthest from this true c. and

particularly furthest from the completeness of death reporting amongst adults. c can be

estimated from the c(x) values over a subset of ranges of ages. Once a value for c is

estimated. the number of deaths can be adjusted for completeness using the relationship

assuming that c is the completeness of death reporting across all ages and D* (x) is

therefore the number of deaths adjusted for completeness. From these adjusted numbers

of deaths. adjusted mortality rates 5 1 -77," can be calculated:

From these mortality rates. corrected. for completeness, a complete life-table can be

derived and/or values for 5qx estimated using the following approximation.

Of particular relevance is 45q15, a measure of adult mortality that can be estimated

directly from the 5 mx s by assuming 5 m 7. to be an estimate of µx+2.5 and assuming

the force of mortality is constant over the age interval, deriving the estimate from the

hazards by noting:

2.2.2 Generalizing to allow for differential census coverage (e0

Bennett and Horiuchi [14] in end note number 10 suggest an adaptation to allow for the

differential coverage of censuses. This correction is made by selecting a value of 6 such
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Review of the literature 19

that the correction of the growth rates using this constant,

leads to a horizontal series of c(3-) values. As described above. N(x ) values are calculated

using a function of N(x + 5), r(x) and D(x). Selecting 6 becomes an optimization

procedure, obtaining the value of such that the r (x ) values produce a sequence of c(x)

values that are closest to lying in a horizontal line. This optimal 6 is a measure of the

differential coverage of the two censuses. that is

where C1 and C2,are the estimates for completeness for the first and second censuses

conducted t years apart respectively and the larger of the two estimates is assumed for

convenience to have a value of 1.

2.3 Assessment of the impact of Violation of assumptions

through Sensitivity analysis and Simulation

As stated above, the completeness estimated by the SEG method is of the death report-

ing relative to the census enumeration. Questions can be asked as to the accuracy of the

estimates of mortality calculated after applying this method in the presence of errors in

the census data and in the death registration. If census counts for all ages or select ages

are inaccurate and/or if the data available are in anyway deficient. how reliable is the

mortality estimate derived from using the SEG method?

Hill. You and Choi [8] and Hill and Choi [9] before them attempted to answer such

questions for the SEG and GGB methods by exploring the sensitivity of these DIYMs to

deviations in the assumptions on which they are based. The DDMs  assume that:

• the population is closed to migration

• completeness of death reporting and coverage of census enumerations is the same

for each age. and

• ages in death reporting and census enumeration are accurate
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Review of the literature 13

According to Hill and Choi [9] there is an additional assumption for the traditional SEG

method besides the assumptions listed above. namely that census coverage is the same

for the two censuses. To test the performance of these DDMs when these assumptions

were not met, Hill, You and Choi [8] and. Hill and Choi [9] before them simulated a

non-stable population with known mortality based on the West female model life table.

experiencing two censuses five years apart and undergoing a fertility decline described

by age-specific growth rates chosen by the authors. To these simulated datasets. 22 error

scenarios derived by combining six specific data-error types were applied: these scenarios

are given in more detail by [8]. The error types used to generate them are given below:

1. Age misreporting in the census and in deaths

2. Differential coverage of censuses (uniform and by age)

3. Differential completeness of deaths by age (increasing and decreasing with age)

4. Population not closed to migration (immigration and emigration)

Hill. You and Choi [8] compared the error in the 45C/15 estimated using the GGB method.

the SEG method, a combination of the two. GGB+SEG and the extended SEG"2 to

correct for relative incompleteness in each of the simulated scenarios. The GGB+SEG

combination uses the GGB method to estimate and correct for differential census

completeness and then the SEG method is applied to the data which been corrected for this

particular error. The results from the investigations performed by Hill. You and Choi

[8 -  them to conclude that death distribution methods are most accurate when the

only data faults are those for which the methods are designed but less reliable in varying

degrees and for combinations of errors when this is not so. The GGB method was found

to be particularly vulnerable to errors in the reporting of age whereas the SEG method

was vulnerable to errors in census completeness and migration. In their simulations,

the extended SEG" was observed to be the most accurate in 16 out of 25 scenarios,

whereas the combined GGB-SEG approach was more accurate in 9. The advantage of

the combined GGB+SEG was that its worst results were observed to be better than the

worst results of the -extended SEG .

'That is the SEG method with the 6 constant to adjust for differential coverage of censuses
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2.4 Current research on Death Distribution Methods

As previously described, the more general version of the SEG method corrects for dif-

ferential completeness of censuses directly. obviating the need to use the GGB method

to make this correction first. Dorrington. Timaeus and Moultrie [10] attempted to also

assess the performance of this version of the SEG method by comparing its performance

in correcting erroneous data to the performance of GGB. SEG and GGB+SEG methods

as previously tested by Hill and. Choi [9]. The assessment was done using two datasets:

The same scenarios and dataset as Hill and Choi [9] to investigate the validity of the

conclusions when this more general form of the SEG is used.

The same scenarios but an African female dataset and an African male dataset, both

reflecting a population experiencing a high HIV prevalence.

The female dataset was used to test and compare the performances of the GGB. GGB+SEG

and the SEG + 63 methods for an African population experiencing a high HIV preva-

lence and the male dataset was used to test the generalisability of the conclusions made.

Although Dorrington, Timaeus and Moultrie [10] applied the same data distortions as

Hill and Choi [9]. they chose African populations specifically so that the validity of the

methods and the conclusions by Hill and Choi [9] could be assessed for. African data in

which errors are often rife and methods such as these are necessary.

For the Hill and Choi [9] dataset, Dorrington, Timaeus and Moultrie [10] found the

SEG+delta method performed either better or just as well as the GGB+SEG method

in producing accurate estimates in 15 out of the 23 scenarios applied. For the African

female datasets , this number was reduced to 7 although these 7 included errors of age

misreporting and differential census coverage by age and emigration with differential

census coverage and/or age misreporting in censuses. While seen to perform badly

when encountering errors involving immigration for both the African male and female

dataset. the SEG+delta method performed better for males than females with the

same pattern of vulnerability to violation of underlying assumptions for both sexes.

The results obtained led Dorrington et al to conclude that

3 The same as the -extended SEG" method as used by Hill. You and Choi [8]
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The SEC method performs so well as to call into question the recommenda-

tion that one should use a combination of the two methods

(Dorrington. Timaeus and Moultrie [10] page 1)

In the investigations by Hill and Choi [9]. Hill. You and Choi [8] and Dorrington, Timaeus

and Moultrie [10], conclusions were reached based on either the root mean square error

(RISE) or the absolute percentage deviation of the estimated mortality from the true

mortality for the datasets used.

Laakso. Lopez and Murray [7] investigated the aforementioned DDMs by analysis of

numerous simulations of populations of known mortality for each DDM. Varying error

patterns were applied to these populations and the DDMs used to correct the derived

estimate of mortality. The distributions of these error patterns were obtained empirically

and used to simulate errors in completeness of vital registration, census coverage and

age misreporting. Four populations were used. namely:

Static - closed to migration with constant fertility and mortality

Closed - closed to migration with declining fertility and mortality

Immigrant - a set number of immigrants per citizen in the population with declining

fertility and mortality

Emigrant - a set number of emigrants per citizen in the population with declining

fertility and mortality

For each simulated dataset and correction for incompleteness using a particular DDM,

the error in estimating 45q15 was calculated and the mean and standard deviation of

errors of estimate from the numerous simulations calculated. Laakso et al observed

that:

• Both methods exhibited bias in the presence of migration. A point previously

made by Hill and Choi [9], Hill, You and Choi [8] and Dorrington. Timaeus and

Moultrie [10]. The GGB method was observed to be less vulnerable to the bias

caused by the existence of migration.
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• The choice of age range used in the estimation of completeness was highly corre-

lated to the bias estimated.

• For both the static and dynamic scenarios, the error in estimating 45q15 estimated

using the GGB method was found to have a higher variance when the death distri-

bution method was correcting data experiencing systematic age misreporting. For

the SEG method, the error in estimating 45q15 had a significantly higher variance

when the method encountered census underreporting.

• The inclusion of all the errors simultaneously resulted in a larger increase in the

variance for SEG than for GGB.

While their work offers some insight in validating the two methods and pointing out the

types of error to which each method is particularly vulnerable. the authors did not use

a combination of the two DDMs as suggested by Hill. You and Choi [8] nor did they use

the more general version of the SEG method. adapted to account for differential coverage

of the censuses as used by Dorrington. Timaeus and Moultrie [10]. This research uses

the combined. GGB+SEG method and the more general version of the SEG method and

investigates their validity while attempting to find the best combination of the input

parameters that are necessary for the methods: this is done using a methodological

approach that is based on the research by Laakso, Lopez and Murray [7].
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Chapter 3

Methodology

3.1 Overview

Below is a summary of the process used to obtain the best SEGø , which is the SEG

method using the combination of best choice of open interval age p. best method for

estimating delta A, best statistic and age interval for estimating completeness th and

best method of estimating life-expectancy p:

1. One starts with a base population with known mortality enumerated at two points

in time. These population numbers and the numbers of deaths are used to calculate

the true 45q15 for this population

2. The reported data consisting of

• censuses occurring at the same two time points as the enumerations of the

base population

• the reported deaths for the corresponding intercensal period according to the

vital registration

are then simulated by applying errors to the base population.

3. The SEG method is applied to the simulated reported data to correct the simu-

lated reported deaths of the errors applied in 2. Various combinations of options

for and p are used with the SEG method and  estimated for each

combination.

17
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4. For each estimated 45q15 in 3, the absolute percentage deviation of the estimated

45q15 from the true 45q15 as generated in 1 is calculated.

5. Steps 2 to 4 are repeated for 1000 datasets

6. For each of the combinations of options for p. A. and p used in 3. the means of the

absolute percentage deviations calculated in 3 as well as the standard deviations

of these absolute percentage deviations are estimated.

7. The combination of options for 0. A, t/ , and p that yields the lowest mean absolute

percentage deviation is presumed to be best.

3.2 Error distributions simulated

The reported data is generated by applying certain errors to the generated base data.

This simulation is performed based on the assumption that the only errors that are

present in the data are caused by incomplete coverage of censuses and intercensal deaths,

stochastic age mis-reporting, systematic age mis-reporting and unknown levels of net-

migration. Murray et al [7]. assumed ranges and statistical distributions for the pa-

rameters thought to best describe the four causes of data errors as given above. For

incompleteness. stochastic and systematic age mis-reporting, these parameters are given

in Figure 3.1 below. The reported data generated for this paper were primarily based

on these parameters.

3.3 Definition of principal terms

The base population was generated by individual ages for all ages up to and including

the grouped open interval 85+. The reported data was generated in five steps where

each step built on the one before it. In the symbolic representation of the datasets

generated at each step. the subscript i represents the age for i E [0, 85+) and the

subscript j represents the data source being simulated. that is Census 1, Census 2 and

vital registration as j 1, 2 or 3. respectively. The five simulation steps were:

(i) Start with the base population with Nu numbers of people/deaths
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3.4 Generating the reported data

3.4.1 Base Population

For this research. the base data are produced using the ASSA2003lite  model (with

migration removed), simulating the true population and deaths for females 1996-2001.

These - true " data are the base onto which the data collection errors are applied to

simulate errors in the 1996 and 2001 censuses as well as the vital registration death data

for the intercensal period.

3.4.2 Completeness and Coverage

Completeness of death reporting and coverage of censuses is assumed to follow a uniform

distribution with a mean value, minimum and maximum values equal to the values given .

in Figure 3.1. Let cij represent a random realization of completeness/coverage for a

particular age 1, for the particular data source j being simulated. The co values are

generated using the formula:

where U(0, 1) is a random variable from the uniform distribution generated in MS-Excel.

The numbers of people allowing for incompleteness/under coverage are:

where Nib j is as defined above.

3.4.3 Systematic Age Mis-Statement

Systematic age-misreporting is captured by the function given on. Figure 3.1. For a

particular combination of i and j:
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where a m, is the misreported age. a t is the true age and 3 is drawn from a normal

distribution. Values of ,3 range from a minimum of -0.07 to a maximum of 0.08 across the

three data sources. Using the properties of the normal distribution, where approximately

99.7% of the P.D.F lies within three standard deviations from the mean. it is assumed

that for a = 0.Y7
 t3 is distributed N(0, a 2 ). This assumption leads to values of 73 slightly

different to those given in Figure 3.1 because in this case the maximum and minimum

values are not set and this P.D.F of the Normal Distribution is not bounded. The age

mis-statement error which is the difference between an individual's true age last birthday

and an individual's reported age is defined as

It is assumed that an individual's reported age was rounded off to the nearest whole

year, that is if ym, is within the range n — 0.5 < y m, < n + 0.5. we assume the reported

age to be n years younger or older than the true age. Since the distribution of y m is

known, the probability — 0.5 < y,, < n + 0.5) can be estimated for n = 1, 2, 3, 4. ....

Thus the expected numbers of people of age i enumerated in data source j mis-reporting

their age by n is estimated as:

whereNijare the reported counts containing errors caused by incompleteness of report-

ing. The simulated reported numbers of people in the ith age-group and for the jth

data source after simulating errors caused by incomplete reporting and systematic age

3.4.4 Stochastic Age Mis -Statement

According to Murray et al (Figure 3.1), stochastic age-misreporting is captured as a

random draw for each individual for each measurement from a normal distribution.
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Thus. let h t be the reported age last birthday after considering the error caused by sys-

tematic age mis-statement in reporting and let hm be the reported age after considering

both systematic and stochastic age mis-statement. The stochastic age mis-statement

error estimated as (c 7, = ht. follows the normal distribution. N(0, 2/1). As can be

deduced from the data in Figure 3.1, a?' follows noticeably skew distributions. Several

attempts to find out more detail about the distributions used by Murray et al (7] re-

sulted in very little extra information and so o is assumed to follow a Beta distribution

with the same mean. minimum and maximum values as given. in Figure 3.1. Assuming

p is the mean value for c is the maximum possible value. a the minimum possible

value and 6 is the standard deviation. the parameters a and /3 are estimated using a

reduction of the Beta distribution standard formula. reduced using the approximation

§=1/6(c — a) and the minimum o value a = 0 to give:

where Nij are the reported counts containing errors caused by incompleteness of report-

ing and systematic age mis-statement. The simulated reported numbers of people in

the i'th age-group and for the j'th data source after simulating errors in completeness.
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systematic and stochastic age mis-statement are thus:

3.4.5 Net Migration

Murray et al [7] used three scenarios of net immigration with rates 1, 10 and 50 per

thousand. three scenarios of net emigration with rates 1, 10 and 50 per thousand and

one scenario with no migration. The age pattern used with these scenarios was constant

and given below.

FIGURE 3.2: Age Pattern of Migration - Source: Murray et al [7] Figure 2c

For this paper, the same age patterns for net immigrants and net emigrants are used

with five scenarios of net migration. that is 1 and 10 per thousand emigration. 1 and 10

per thousand immigration and no migration. The 50 per thousand emigration and immi-

gration rates are assumed too extreme to apply to this base population after considering

the observed numbers. This is discussed in more detail in section 5.3.
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To estimate the net-migrants the total number of reported people for Census 2 and VR

(no migration) respectively, is calculated:

Let the estimated migration rate be K, then the total number of migrants is estimated

where only half the deaths amongst migrants is taken as the estimate of total migrant

deaths reported in the vital registration to correct for the fact that migrants are only

part of the enumerated population/deaths for part of the intercensal period.

The net numbers of migrants in each age group are generated by applying the age pat-

terns given in. Figure 3.2 to the total number of migrants estimated (Equation 3.10). To

simulate the reported data with all errors applied. Nri
j . these net numbers of migrants are

either subtracted for emigration or added for immigration to the numbers of the second

census and deaths after applying errors caused by a lack of completeness. systematic age

mis-reporting and stochastic age mis-reporting to the generated true population (Equa-

tion 3.9). Once the reported data have been simulated for the i*th age-group and the

j'th data source, NRij , the SEG method is applied to correct for the various errors so

that a more accurate estimate of mortality can be obtained.

3.5 Applying the Synthetic Extinct Generations (SEG)

method

Once the reported data are generated. the SEG method is applied to estimate the

completeness of death reporting and thus to derive an estimate of mortality corrected
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for this error. Using the simulated reported data, the SEG method performs this task

in the following sequence.

Firstly. N(x). the estimates of the population reaching age x based on the reported

deaths for all x up to and including the open interval age A+ are derived. To derive

N(x). one begins by estimating the age specific growth rates. r(x, 5). estimated using

the census counts. Next N(A +) is estimated using the simulated reported deaths.

N4+3 , the estimated growth rates, r(A+). and the estimate of life expectancy at this

open interval age. e(A). V (x — 5) is then estimated using NR x-5.3r(x —5) and N(x)

iteratively downwards for all ages below A.

Next. N(x)  the estimates of the population reaching age x based on the censuses for

all x up to and including the open interval age A+ are derived. c(x) which is the

estimate of completeness for each age-group x is obtained from the ratio of N(x) to

(x). Simultaneously. 6, the constant chosen to generalize the SEG method so that it

accounts for differential coverage of the censuses. is chosen so that c(x) values lay on a

horizontal line. The value of is then added to each of the r(x) values. Completeness,

c, is estimated using the c(x) estimates and D* (x), the number of deaths adjusted for

completeness, is estimated using the vital registration deaths, N. and the estimate of

completeness. c.

Linking the research goals (Section 1) with the sequence given above describing the SEC

method. this research aims to find:

• A lower bound for the open interval age, A, for which the lowest mean absolute

percentage deviation is observed: this is presumed to be the best open interval age.

A is a necessary parameter for all the steps.

• A best method for estimating life expectancy for the open interval age, (e(A) ). to

use in the population estimation for steps (2.) and (3.) above.

• A best method of estimating delta (8) to correct for differential coverage in step

( 5 .).

• An best age range and statistic to estimate overall completeness using the age-

specific estimates of completeness (c(x))in step (6.).
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There are several alternatives to choose from in the investigation to find these best values

and methods. We look at these alternatives in more detail in Sections 3.5.1, 3.5.2. 3.5.3

and 3.5.4.

3.5.1 The open interval age and the method for estimating life ex-

pectancy.

Four alternatives for the open interval. ages 65+, 75+. 80+ and 85+, are considered.

Although this is a non-exhaustive list. it covers the trade-off that exists when estimating

mortality and life expectancy for the oldest age-groups. With increasing age there is

a potential increase in the error in the estimates of the death counts. This is because

the population counts are generally smaller and individuals are more likely to not be

reported in censuses and vital registration for these older ages than for the younger

ones. However with increasing age there is also a reduction in the error in estimating life

expectancy for the oldest age-group as the value of that life expectancy becomes smaller.

Consequently the difference between the various methods of estimating life expectancy

becomes negligible and the impact on obtaining the estimate of completeness is also

reduced. The 65+ and 85+ age-groups provide alternatives testing the significance of

this trade-off at the extreme ends off the oldest ages while the 75+ and 80+ test if there

is any advantage to using an open interval age that is approximately an average of these

two extreme ages.

3.5.2 Methods for estimating life expectancy

There are four alternatives for the method of estimating life expectancy. These alterna-

tives are making use of the INDEPTH models life tables. the Coale and Demeny (West)

model life tables, the level of mortality implied by the ratio of deaths to those aged

between ten and forty to those aged between forty and sixty (30d10/40d20) and the true

value:

3.5.2.1 Using INDEPTH model Life tables

According to the INDEPTH networks report [16 . , the INDEPTH model tables are based

on data from 1995 to 1999 for 17 INDEPTH member sites located in sub-Saharan Africa
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. From these data and for both male and female, two standard life tables were derived:

Pattern 1 and Pattern 2 to estimate mortality tables for populations under scenarios

of low and high HIV prevalence respectively. The INDEPTH model tables are derived

using the Brass relational life table system where for a standard life table i s, and a life

table derived from an observed population lx . it is possible to find constants a and 3

such that:

where for all ages x above age zero.

To estimate life expectancy (e(A)) for each A = 65, 75. 80.85 MsExcel. SOLVER is used

to find the values of y and ß that minimize the differences between the mortality rates

derived from the observed data and the mortality rates according to the standard for

ages A 15.A — 10 and A — 5.

3.5.2.2 Using the Coale and Demeny (West) Model Life Table

The West model life tables [171 are used to estimate life expectancy (e(A)) for each

A = 65, 75, 80, 85 through the following iterative procedure.

a) 5mA-15.5mA-10 and 5 1n _4_ 5 the mortality rates implied by the reported data for the

ages A — 15,A — 10 and. A -- 5 are estimated.

b) For each of these mortality rates. the corresponding mortality level is derived by

mathematical interpolation.

c) The average of the three derived levels is calculated and through mathematical in-

terpolation. is used to derive the corresponding value of e(A) for this mortality

level.

The model life tables used are varied in this way to assess the impact of HIV/AIDS

on the pattern of adult mortality. This effect increases with decreasing age with its
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minimum at the oldest age group and it leads to a mortality pattern the Coale and

Dement' model tables cannot generate because they were derived from populations free

of any HIV/AIDS mortality.

3.5.2.3 The ratio of deaths of young to old (30 d10 /9040)

Bennett and Horiuchi [18] suggest (in the absence of an HIV/AIDS epidemic) estimating

e(A) using the level of overall mortality that can be derived using the linear relationship

that exists between the life table deaths of the Coale and Demeny model life tables.

Pointing out that

where d(a) is the number of life table deaths at age a. k is the completeness of death

reporting, and. B is the annual number of births in the population, Bennett and Horiuchi

(2) give the discrete analogue of this equation

Using the reported data and Equation 3.18 the ratio d 1 d30-10, 90-40 is calculated

and used to mathematically interpolate for the corresponding level on the West model

table. This level is in turn used to mathematically interpolate for the estimate of life

expectancy e ( A ).

3.5.2.4 The True Value

It would seem that all other things being equal, if there is some method of obtaining

the true value of life expectancy at the open interval age, it should lead to the most

accurate estimate of adult mortality. This true value is included as an alternative so

that the effect of not having a true value and having to resort to model life tables can

be observed and quantified.

(3.17)
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3.5.3 Estimating delta O . to correct for differential coverage

To correct for differential completeness between censuses. is chosen such that the

adjustment of the growth rates using this constant. leads to a horizontally flat series

of age specific estimates of completeness. Figure 3.3 is given as an example of this

correction.

3.5.4 The age range and statistic to estimate completeness

There are three alternative age ranges and statistic to use for the estimation of overall

completeness of death reporting using the age-specific estimates.
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• Completeness, c= median value of c(x) values for x > 5

• Completeness, c= median value of c(x) values for x > 15

• Completeness, c= mean value of c(x) values for 15 < x < 60

With completeness estimated, the deaths are adjusted by dividing by the derived esti-

mate. Using these corrected deaths, mortality for each age interval is estimated
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Chapter 4

Results

4.1 Scenarios for coverage and completeness statistical dis-

tributions

As previously described, a simulated dataset consists of the counts by age for two simu-

lated censuses five years apart together with the simulated reported deaths by age for the

corresponding intercensal period. There are two coverage distribution scenarios used to

generate each dataset, for both scenarios, completeness of death reporting is distributed

uniformly between 0.3 and 1:

Scenario 1 The coverage distributions of the simulated censuses are exactly the same

i.e. both generated to produce a coverage with mean of 0.95 distributed uniformly

between 0.9 and 1.

Scenario 2 Census 1 generated to give coverage with mean of 0.85 distributed uniformly

between 0.8 and 0.9 and Census 2 generated to give coverage with mean of 0.95

distributed uniformly between 0.9 and 1.

There are three versions of the SEG method used to correct the datasets generated using

each distribution:

SEG basic : The traditional version of the SEG method without any consideration

for differential completeness of the two censuses

31
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SEG with : The more general version of the SEG method using the constant (5 to

correct for differential coverage

SEG with GGB : The SEG with GGB combined method using the GGB method to

correct for differential coverage and the SEG method to correct for death under-

reporting.

One thousand datasets were generated for each version of the SEG method and each

completeness scenario. This research focuses on the SEG with 6 and the SEG with GGB

versions of the SEG method and compares their performance with datasets generated

according to Scenario 2.

4.2 Form of the Output

There are several combinations investigated for each of these two versions of the SEG

method in order to find the best combination. Table 4.1 below uses the first four letters

of the alphabet to represent the variations of estimating life expectancy. method of es-

timating 6. choice of statistic and age range to estimate completeness and choices of an

open interval.

An example of a variation of the SEG with d method is CACD implying the SEG

method for which life expectancy is estimated using the level of mortality implied by
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the ratio 20d40/30d10  § is chosen for minimum variance in c(x) values. completeness c

is estimated as the mean c(x) for ages 15 to 60 and the open interval age is 85+. This

variation also applies if the version of the SEG method used is the SEG with GGB

noting that for this version 6 has a constant 0 value. The mean absolute deviations

obtained for each variation of the SEG + 6 method as well as for each variation of

the SEG with GGB method under the coverage distributions of Scenario 2. are given

in the Appendix 8. To obtain the best variation, ranking the results by magnitude of

the root mean square error is the approach taken by Dorrington, Timaeus and Moultrie

et al [10] and Hill. You and Choi [8] while ranking the variations according to the

magnitude of these mean deviations is the approach used by Murray et al [7]. For

this research, as described in the next few sections. in order to assess the magnitude

and investigate the statistical significance of the effect of each of these combinations

on the estimate of mortality. a slightly different approach is taken. For each simulated

dataset. the absolute percentage deviation observed for each combination of Q. A. t/' and

p (as defined in Section 3.1) is taken as a random (dependent) variable with the options

for 0, A. and p being the (independent) variables leading to each realization of the

result of interest. According to the central limit theorem, these dependent variables

approximate the normal distribution. Consequently. the Analysis of Variance (ANOVA)

table is derived and used to investigate the interactions of the options for 65. A. d and p

and compare each combination to obtain the best combination.

For further exploration of the effect of each option of 9, A. ti} and p on the estimate of

mortality, interaction plots are derived (Figures 4.1,4.2.4.3.4.4 and 4.5). The interaction

plots show the change in the mean value of the result of interest as pairs of 0. A. V,' and

p change. This can add to the information provided by the ANOVA model, information

on why a particular option as found to be better than another.

4.3 SEG with GGB results

As the ANOVA table below shows, if the outcome of interest is taken to be the absolute

percentage deviation of the estimated mortality from its true value, except for the choice

of open interval. the results obtained are otherwise inconclusive. In this case the variation

on the open interval age is statistically significant and the 85+ open interval age is best
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Residual standard error: 0.03894 on 14337 degrees of freedom (54 observations deleted

due to missingness)

Multiple R-squared: 0.0007558, Adjusted R-squared: 0.0001982 F-statistic: 1.355 on 8

and 14337 DF, p-value: 0.2108

This absence of a best combination based on the variance of absolute percentage devi-

ations is not necessarily indicative of an absence of a best combination. The statistical

distributions of the completeness parameters (Scenario 1 and 2 above). lead to most

simulated datasets having very high levels of completeness across all ages with very low

values not only in the absolute percentage deviations derived, but also in the variances

of these absolute percentage deviations for each dataset and for each variation of the

SEG method. Although there are simulated datasets with greater variability in these

estimated deviations, the large number of datasets exhibiting little variability leads to

overall differences that are not statistically significant. This leads to an inability to find

a best version of the SEG method. As a solution to this, hij , the rank of the estimate

obtained for variation i and population j is derived. As there are 48 variations, this
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ensures that for each j, h ij has a minimum possible value of 1 and a maximum possible

value of 48 where 48 is the value for the variation producing the most accurate estimate

of mortality for the population.

The results suggest that:

1. Life expectancy estimation options A and B (INDEPTH model tables and Coale

and Demeny West tables respectively) are not statistically significantly different.

Although the ANOVA summary suggests that options C and D lead to a fall in

the rank h ij and thus lead an increase in the estimate of the deviation from the

true mortality. the fall in rank is very small implying that varying the choice of

life expectancy does not significantly affect the response k i i.e. varying the choice
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of life expectancy does not improve the ranking of the combination meaning that

it does not increase the accuracy of the SEC with GGB method.

2. The impact of the choice of the estimate of completeness on the rank h ij is statis-

tically significant for all options. Option B (c= median c(x) ages 15+) is observed

to be the best.

3. The impact of the choice of the open interval age is also observed to be statistically

significant for all Options. Option D (85+) is observed to be best.

FIGURE 4.1: Interaction plots of life expectancy method and estimate of completeness
with hi for the SEG with GGB method

Figures 4.1 and 4.2 give the interaction plots of hi with life expectancy and complete-

ness. It also gives the interaction plot of with completeness and the open interval

age. The plots confirm that although there is little difference between life expectancy

options A and B. when combined with the options of the completeness estimate, the

best completeness option across those available is B (c= median c(x) ages 15+) and
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FIGURE 1.2: Interaction plots of estimate of completeness and open interval age with
for the SEG with GGB method

the best choice of open interval age across all options of the completeness estimate is

given by D (85+). Thus, the best of combination of variation of the SEG with GGB

method is using life expectancy option. A or B (INDEPTH model tables or Coale and

Dement/ West tables respectively) with the completeness estimate implied by option B

(c= median c(x) ages 15+) and the open interval age given by option D (85+).

4.4 SEG + results

An assessment of the Analysis of Variance Table of the results of the SEG + (5 method

is performed to ascertain which variation of the method is best as well as to examine the

interactions of the various parameter options. Unlike the initial ANOVA table generated

based on the SEG with GGB absolute percentage deviations, the ANOVA table for the
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SEG + d shows that the variations exhibit sufficient statistically significant variability

to make it possible to rank them and obtain the best. There are 144 variations and du .

the absolute percentage deviation obtained for variation i and dataset j. has a minimum

(best) possible value of 0% with no upper bound on the maximum (worst) possible

value. As explained above for the SEG with GGB method. table -1.1 illustrates the

representation of the variations.
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Residual standard error: 0.04179 on 143989 degrees of freedom Multiple R-squared:

0.001612. Adjusted R-squared: 0.001543 F-statistic: 23.25 on 10 and 143989 DF, p-

value: 2.2e-16

The results suggest that although the linear model does not explain most of the variation

( R2 of 0.001543):

1. The difference in the mortality estimate derived based on each of the four options

of method of estimating life expectancy is statistically significant for all options.

with option B (Coale and Demeny) producing the best estimate.

2. The difference in the three options for the method of estimating d is also statisti-

cally significant with option A (6 chosen for minimum variance in c(x)) leading to

the best results.

3. Unlike the trend in the methods of estimating life expectancy and methods of

estimating S. only completeness option B (c median c(x) for ages 15 and older), is

statistically significantly different from options A and C which are not statistically

significantly different from each other.

4. Similarly. only options B and D i.e. open intervals 70+ and 85+ are statistically

significantly different. The coefficient for the option B dummy variable suggests

that its difference from options A and C is very small.

As can be noted from the ANOVA table, the results suggest that the best choices

for the variation parameters are:

• The Coale and Demeny model life tables (Option. B)

• Delta for a minimum variance across c(x) (Option A)

• c = median c(x) ages 15 and older (Option B)

• 85+ for the open interval (Option D)

Defining di  as the mean absolute percentage deviation for variation i, the interac-

tion plots below give an indication of how these options interact so as to ascertain

the best variation: The plot given in Figure 4.3 not only confirms that life ex-

pectancy option B is best but also that option A for method of estimating -6 is

best for all options of the method of estimating life expectancy. A similar investi-

gation can be made of the interaction of the options for the method of estimating
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FIGURE 4.3: Interaction plot of options for methods of estimating life expectancy
method and 6 for d for the SEG + 6 method

6 with the method of estimating completeness'. Figure 4.4 confirms that com-

pleteness variation B is best across all methods of selecting d and that the best

variation is obtained with a variation A. Figure 4.5 also confirms that open interval

age 85+ (or variation D) is best for completeness variations A and B. Of interest is

the fact that this choice of open interval is not best for completeness variation. C.

However, this is understandable since for variation. C, completeness is estimated

as the mean c(x) for ages 15 to 60 and so there is no difference in the value for c

for all A > 65.

' Recalling that completeness option B is observed to be best
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FIGURE 4.4: Interaction plot of options for methods of estimating d and completeness
for d for the SEG + § method

Thus, the best variation of the SEG with S method is life expectancy option B

( Coale and Demeny West tables) with 1 option A. (chosen for a minimum variance

across c(x) points), completeness estimate implied by option B (c= median c(x)

ages 15+) and the open interval age given by option D (85+). Analysis of the

results obtained for the simulated datasets generated under high levels of net

migration did not lead to any difference in the relative ranking of the performances

of the variations of the SEG method.
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FIGURE 4.5: Interaction plot of options for methods of estimating completeness and
the open interval age for d for the SEG + d method

4.5 Comparison of the two methods

Table 4.5 compares the results of the two methods according to the mean absolute

percentage deviation. The best result is observed for the SEG + (5. consistent with

some of the conclusions by Dorrington et al [10]. However, the worst result is also

observed for the SEG + 6 and the worst result obtained for the SEG with GGB is

better than approximately 50% of the results observed for the SEG 4- 6. consistent

with the findings of Hill. You and Choi [8] who observed a similar ranking when

comparing the two methods. Table 4.5 gives the options for . A, 
t.
 and p for which

the highest (worst) and lowest (best) estimates of 45q15 were observed.
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Chapter 5

Discussion

As described in more detail in the previous chapters, the investigations performed

for this research were performed in three stages. In the first stage. for a specific

population. datasets simulating the true and reported counts of the living at two

points in time as well of the deaths in the period between the respective time points.

were generated. In the second stage, variations of the SEC method were applied

to the generated reported data to correct them for the simulated errors. In the

final stage. statistical analysis of the results was carried out. The result of interest

is the absolute percentage deviation of the estimated 45q15 from the true 45q15 for

each variation of the SEG method. Some key aspects of each stage can be assessed

in more detail as they affect the conclusions reached. These aspects involve the

distributions used to generate the datasets, the '6 correction. the reasonableness of

the migration assumptions and weaknesses of methodology and analysis.

5.1 The generated datasets

5.1.1 The base population

As described previously. the base data were generated to simulate the true pop-

ulation and deaths for South. African females from 1996 to 2001. Table 5.1 gives

some of the HIV/AIDS statistics that characterise the simulated true data for this

population for this period. This particular population was chosen as a base popu-

lation primarily because of its very high HIV/AIDS prevalence and its geographic

location i.e. sub Saharan Africa. This creates opportunity for the DDM's to be
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tested under these conditions, as previously tested by Dorrington, Timaeus and

Moultrie [10].

Figure 5.1 illustrates the level of coverage of the base population enumeration as

well the base population deaths by age for as estimated using the SEG method.

According to the graph, from ages 50 and older, the level of completeness falls from

approximately 99% to a minimum of about 97%. This is very likely the result of

curvation which is riot accounted for in the approximate equations used working

with five year intervals and it leads to changes in the level of the true mortality

depending on the age-range used to estimate it. Although the changes are minute.

it is unclear how much this completeness variabilty influences the validity of the

ASSA2003 base population as a - true" population or if this decline in completeness

is also a feature of the simulated reported data.

5.1.2 The generated reported data

Figure 3.1 gives the statistical distributions of the level of coverage or completeness

as well as the stochastic and systematic age misreporting errors applied to generate

the reported data. Although one should generally question the level of correlation

of the undercount or incomplete reporting across the various age groups. based

on the narrow range of the distribution parameters used. particularly for the two

censuses, the range of the estimate of coverage is very small and consequently there

is little difference between 100% correlation between the censuses by age and a 0%

correlation, as used to generate these results. Figure 5.2 is a line graph showing the
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FIGURE 5.1: The base population estimated completeness by age. estimated using the
SEG method

coverage and completeness by age for a randomly generated dataset before the age-

misstatement and migration errors are applied. The graph illustrates how there

is very little difference in the generated census coverage across all the age groups

considered. confirming the reasonableness of assuming no correlation between the

census coverage of the two censuses used when generating the reported data. With

a mean coverage of 95% and minimum and maximum values of 90% and 100%

respectively (distributed uniformly between the minimum and the maximum), it

is clear that this pattern is highly probable and that introducing correlation as a

simulation parameter. is unnecessary.

On the other hand, the distribution of the systematic age mis-reporting is ques-

tionable. As mentioned in section 3.4.3. systematic age-misreporting following

Murray et al [7] , is captured by the function:

where a,„ is the misreported age. a t is the true age and ;3 is drawn from a normal
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distribution. This function leads to an increasing age mis-statement error with

increasing age. It is likely that the accuracy of the ages of respondents according

to VR, and census reporting is not the same for the oldest age groups as it is

for the youngest and middle aged. However, to assume that this error increases

proportionately with the age could lead to over-estimation of the error especially

as the reported counts are smaller at the older age groups than they are at the

younger ones and the effect on the completeness is relatively much larger at the

older age groups than at the younger ones if the counts are changed. The highest

and lowest completeness ratios being found for the oldest age groups, as shown in

Figure 5.3 of the next section, characterizes most of the reported data and is a

result of this distribution.
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5.2 The 6 correction

To investigate the effectiveness of the d correction, two simulated datasets based

on the Scenario 1 coverage/completeness assumptions and another two based on

the Scenario 2 coverage/completeness assumptions (section 4.1) are selected based

on whether or not the d correction is effective at correcting for the differential

coverage of the simulated censuses. After correcting the data for errors using the

SEG with 6 method as well as the less general version of the method. analysis of

the derived estimates of mortality suggests that correcting for differential coverage

when the coverage is very low can have an augmenting effect on the inaccuracy of

the mortality estimate if there are extreme deviation of the simulated data from

the base data for the oldest age groups. The results for these simulated datasets

are given below in Table 5.2.

The simulated datasets as well as the base population true counts for the corre-

sponding periods are given in Appendix 8. Figures 5.3. 5.4. 5.5 and 5.6 are line

graphs giving the age specific ratios of the generated counts to the base popula-

tion counts for each dataset, a measure of the actual completeness of the gener-

ated datasets. The graphs also show the estimated coverage/completeness of the

datasets derived using the two versions of the SEG method mentioned above.

The graphs show that for datasets 1 and 2 generated based on Scenario 1 error

distributions. without prior knowledge of the actual levels of completeness by age

for both the censuses and the vital registration. the 6 correction would have led

to a less accurate estimate. For datasets 3 and 4 generated based on Scenario

2. the correction is necessary and improves the estimate significantly. However.

the datasets 1 and 2 have extreme coverage and completeness distortions at the
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oldest age groups as can be seen on. Figures 5.3 and 5.4. Moreover, datasets 1

and 2 are not randomly selected for this further analysis but rather specifically

because the 6 correction does not work for them. In general. the a correction

is found to improve the accuracy of the estimate of mortality estimated using

the SEC method. In these cases, the augmentations in the errors caused by the

6 correction are essentially anomalies caused by the extreme distributions used

to generate the reported datasets and cannot be used to make conclusive and
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FIGURE 5.6: Line graphs of the actual and estimated completeness by age Dataset 4

generalized. statements about the 6 correction itself.
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5.3 Reasonableness of migration and mortality assump-

tions

According to the United Nations immigration report [19]. in 2006 South Africa's

total population was estimated to be 47 432 000 and there was an average annual

number of 10 000 net migrants for the years 2000 to 2005. This gave an average

annual estimate of 0.2 per thousand for the national net migration rate. For the

same period, the average annual net migration rates were 0 per thousand and -0.5

per thousand for the countries of Southern Africa and for the African continent as

a whole. respectively. Assuming that for South Africa. the estimated rate was the

same for both males and females. the hypothetical rates of -1 per thousand, 0 per

thousand and 1 per thousand. used to generate the reported data in this research.

are reasonable. This is not so for the rates of -10 and 10 per thousand that are

also used to generate the reported data. These hypothetical rates are extreme and

much higher than the estimates of the net migration rate for South Africa for this

period. However. they do allow the validity of the DDMs  in the presence of such

levels of net migration to be tested and as stated previously, analysis of the results

obtained for the simulated datasets generated under such levels of net migration

did not lead to any difference in the relative ranking of the performance of the

variations of the SEG method.

As previously mentioned. the Coale and Demeny (West) model life tables led to the

best estimates of mortality for the SEG + 6 method while there was no statistically

significant difference for the estimates obtained when using either the West model

life tables or the INDEPTH model life tables for the SEG and. GGB combined

method. Although the West tables seem to work well here, questions can be asked

as to their reasonableness when their age and source are taken into account. As

detailed in the United Nations Manual X [20] , the Princeton model life tables

were published in 1966 and can thus be presumed to be free of any HIV/AIDS

related mortality. Comparing the West tables to the INDEPTH model tables which

as previously mentioned, are based on data 17 sub-Saharan African INDEPTH

member sites for the period 1995 to 1999 [16], it would seem unreasonable that the

West tables and not INDEPTH tables be used to represent background mortality

for this region. Although contrary to the observed results. this is likely to be
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the case. At this stage it is not completely clear why the West tables perform

better in these simulations. It is possible that the extreme statistical distributions

used to generate the reported data lead to an irregular dataset. Theoretically.

the INDEPTH tables should perform better based on the fact that they take the

HIV/AIDS related mortality pattern into consideration. However, given the fact

that the INDEPTH mortality rates are too low at the older ages this could be

leading to an overestimate of life expectancy for the open interval for a given

level of adult mortality and this could be leading to the observed ranking of the

variations. More detailed investigation of these life tables in the presence of various

errors in the data is a possible area for future research.

5.4 Methodology and analysis

This research builds primarily on the research by Dorrington, Timaeus and Moul-

trie [10]. Laakso, Lopez and Murray [21] and Murray et al [7]. reaching conclusions

after taking an African age distribution and a high HIV/AIDS related mortality

pattern into consideration [10] and simulating numerous datasets using errors fol-

lowing specific statistical distributions [21] [7]. The results obtained do not only

confirm the conclusions reached by past researchers when comparing the SEG and

GGB methods but they also give a comparison of the variations of the methods.

highlighting the aspects and inputs of the methods that cause differences in these

variations that are statistically significant and ranking these variations according

to their performance. This research uses a novel approach to compare the meth-

ods; applying frequentist statistical analysis when ranking the variations and in

this allowing the researcher to derive confidence intervals for the estimates that

these methods derive. Having an estimate of the possible error in the derived mor-

tality estimate is vital for researchers, particularly when considering data from the

region of sub-Saharan. African. Having intricate knowledge of how the mortality

estimation methods work and in different conditions is also of vital importance.

These are both aspects to which this research adds by using a combination of

demographic and classical statistical theory.

There are some weaknesses in the methodology used. Laakso. Lopez and Murray

[21_ suggested generating over 2000 datasets to validate the DDMs. Murray et al
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[7] generated 154,000 datasets of known mortality with exactly 14.000 based on

one of 11 different mortality and fertility patterns. Datasets were then corrected

using the GGB, SEG and. GGB+SEG  methods for 78 "age-trims"1. The advan-

tage of this approach is that the generated populations did not necessarily have

the same age distributions 2 and any age specific fluctuations are random rather

than being based on the same base population. Consequently. the results derived

and conclusions made by Murray et al [7] can be assumed to apply to most popu-

lations of the developed world. The disadvantage of their approach is the absence

of high levels of HIV/AIDS related mortality as encountered in sub-Saharan Africa

particularly. This reduces the extent to which the conclusions made by Murray

et at [7] can be applied to populations from this region. Comparatively. generat-

ing 1000 populations from the same base population reduces the generalizability

of the results obtained primarily because the generated populations have highly

correlated age distributions. More so for this research for which the ranges of the

generated errors is relatively small and consequently the generated datasets are not

very different from the base. This possibly affects the statistical modeling of the

result as suggested by the very small R 2 values for the linear models formulated to

explain the variation in the result. Although the results are informative as to the

best variation of the SEG + 6 to use for populations with similar age distribution

characteristics. beyond this. conclusions may not be generalizable.

There are also some resultant areas for future research. This research investigates

the performance of the DDM's when the available data have various combinations

of errors. It does not. however. assess the effect of each of the individual error

types on each variation of the DDM"s. It is possible that different variations

perform best depending on what errors affect the data the most and so it would be

informative  to investigate the effect of incompleteness of reporting . migration and

age mis-statement individually and use this investigation to quantify how much of

the standard deviation in the estimation of mortality is attributable to each of the

error types. This can in turn help researchers in deciding what variations of the

methods to use in the case where they know which types of errors characterize the

data that they will have.

An age trim is the age range from which age specific estimates of completeness are extracted and
used to calculate the overall estimate of completeness

2 Defining an age distribution as the proportions of the total population that lie in each age group
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A better approach in terms of generalizability  to populations experiencing high

levels of HIV/AIDS mortality. would be to generate more than one base population

where each generated base population is of known mortality and has a unique age

structure, with the commonality of high levels of HIV/AIDS related mortality.

This would reduce the age structure similarities that exist if the simulated datasets

are generated from a single base population.

The conclusions reached in this research are not only contingent on the base pop-

3ulation used but are primarily a result of the simulated reported datasets. As has

been shown. these simulated datasets are generated by applying random errors in

completeness. age mis-statement and net migration to the base population. The

simulated datasets could be vastly different if the statistical distributions used

to generate them differ from those used by Murray et al [7_. Future research

to determine the statistical distributions that better describe the errors found in

the observed data for sub-Saharan. Africa could lead to more accurate simulations

which in turn would increase the validity of the conclusions made based on research

such as this.

`Simulated datasets comprise of the simulated census numbers and the vital registration deaths.
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APPENDIX A: Four generated

datasets and ASSA base

population
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APPENDIX B: Average

Absolute Percentage Deviations

Let a- represent the mean deviation from the median of the c(x) values.

TABLE 3: Average Absolute Percentage Deviations for the SEG ± 6
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