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Abstract

Death distribution methods (DDMs) are demographic tools that use mathematical relationships within
the population to estimate expected number of deaths by age and sex. Over time, these methods have
proved to be of great use in monitoring and evaluating civil registration and vital statistics (CRVS) systems
in countries that have not yet managed the complete registration of deaths, as is the case with several
Latin American and Caribbean countries. Currently, some of these methods —especially the two-census
models— have attained prominence and have been used in a number of national and subnational studies
inthe region, and packages for their use have been developed in the R programming language. However,
few studies address the step-by-step application of these methods, including assessing data quality by age
and estimating completeness. This document therefore aims to offer a handbook for the use of five DDMs:
(1) the Brass growth balance (BGB) method, (2) the generalized growth balance (GGB) method, (3) the
Preston-Coale method, (4) the synthetic extinct generations (SEG) method and (5) the combined GGB-SEG
method (SEG-delta method). Use of these methods requires assessing a series of assumptions about the
population’s age reporting, population stability, migration and the completeness of registers by age and,
for that, a series of tools and indicators for ascertaining the quality of the age data are presented. The
different evaluation techniques and DDMs are then applied to two subnational examples: the Province of
Azuay in Ecuador (data for men between 2001 and 2010) and the Department of Arequipa in Peru (data
for women between 2007 and 2017). At the end, the sensitivity of the completeness results in relation to
the different selection criteria of the age groups for estimation is discussed. It is hoped that this document
and the R scripts on the website appendix will contribute to the use of these methods and techniques
for assessing the quality of death and population data and to promoting the continuous monitoring of
CRVS systems by the countries of Latin America and the Caribbean.
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Introduction

Latin America and the Caribbean have made significant progress with their CRVS systems over the past
30 years. In addition to the initialimplementation of those systems in some countries, most of the region
succeeded in expanding the coverage and completeness of vital events and in implementing protocols to
ensure the quality of cause-of-death data (Del Popolo and Bay, 2021). However, the CRVS systems of the
region’s countries remain at different stages of development. Chile, for example, has a computerized and
integrated registration system for its health and civil registration statistics, with weekly data updates,
whereas Haiti has published no statistics on live births and deaths for the last three decades (Del Popolo
and Bay, 2021).

The coronavirus disease (COVID-19) pandemic, which struck the region during the first half of
2020, brought the debate about the quality of the number of cases and number of deaths reported into
the open and showcased the importance of age- and sex-disaggregated data for the correct monitoring
of epidemiological trends and disease transmission and mortality patterns (Diaz and others, 2021; Kelly,
Mathenge and Rao, 2021). Across the region, that monitoring was only possible in those countries which,
over recent decades, had managed to develop continuous systems. Even so, many of those countries still
have problems with the coverage, completeness and quality of cause-of-death information, which poses
yet another challenge for the design of epidemiological control strategies (ECLAC, 2021).

Death data collected by CRVS systems are the gold standard for estimating mortality, given
that they are continuous over time, can be disaggregated to lower territorial levels, are low cost (if the
institutional infrastructure is already in place in the country) and can be correlated to the population’s
access to rights. Because of the importance and complex nature of the information they contain, these
data require the implementation of continuous monitoring and evaluation systems. Evaluation isimportant
both to allow the estimation of demographic indicators and to identify systematic problems in data
collection, with which direct interventions to improve the system can be adopted. Evaluations can be
performed by analysing the completeness, coverage, accuracy, relevance, availability and timeliness of
the data (United Nations, 2014 and 2021).

The technical and academic literature has developed a number of methods for evaluating the
coverage and completeness of CRVS systems (Hill, 2021; Rao and others, 2020; Moultrie and others, 2013;
United Nations, 2002). In general, completeness estimation methods involve the construction of expected
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values for the number of deaths and births which, in turn, are compared with the observed values. In
countries with more than one source, statistical matching of data entries (such as the capture-recapture
method) can be used to estimate total events, as was recently implemented in Brazil (IBGE, 2018). In
addition, there are demographic methods that are used, based on mathematical relations within the
population (births, deaths and migrations), to calculate the expected number of events by age and sex
(Hill, 2021). Among the demographic methods are death distribution methods, known by the acronym
DDMs, which are used to estimate the relative completeness of death records for the adult population.

This technical note is intended to examine the DDMs available for estimating the completeness
of adult mortality information and to discuss their main limitations and advantages in national and
subnational applications in Latin America and the Caribbean. It presents an example of the use of the
methods, based on the evaluation of data quality, using different packages developed in the R programming
language: the DDM package (Riffe, Lima and Queiroz, 2017) and the DemoTools package (Riffe and
others, 2019). Finally, it discusses the methods’ advantages and limitations and the importance of
assessing the quality of the input data prior to use. The example files and R scripts used to apply the
methods are annexed to this note.
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I. Methodological description of DDMs

Death distribution methods (DDMs) use age- and sex-disaggregated population and death data to
estimate adult mortality. They can be divided into two groups: growth balance methods, and synthetic
extinct generations methods (Hill, You and Choi, 2009).

The first group includes the Brass growth balance (BGB) method, which was developed by
Brass (1975) and is considered the first DDM, and its extension, the generalized growth balance (GGB)
method, proposed by Hill (1987). The next group contains the second documented DDM, developed
by Preston and others (1980) and based on the extinct generations method defined by Vincent (1951),
which is known as the Preston-Coale method and its extension, the synthetic extinct generations
(SEG) method (Bennett and Horiuchi, 1981 and 1984). Finally, the handbook presents a third method:
a hybrid version of the GGB and the SEG known as the SEG-delta method (Dorrington, Timaeus and
Moultrie, 2008; Hill, You and Choi, 2009).

A. Growth balance methods

1.  Brass growth balance (BGB)

Brass (1975) developed the first and simplest DDM, which assumes that the population under analysis
is stable. In a closed population, for any open age group a+, the entry rate (b(x+)) is equal to the growth
rate (r(x+)) plus the exit rate (d(x+)). In a stable population, the growth rate is constant for all age groups
(r(x+)=r); therefore, the entry and exit rates are linearly related, as can be seen in equation 1:

b(x+) =r+d(x+) (2)

Since the entry rate is calculated solely from the population’s age distribution, any coverage
error that does not vary with age is cancelled out; whereas the exit rate, calculated from deaths and the
population by age, will be affected by any differences in coverage between population and deaths. The
slope of the line relating the entry rate to the exit rate will estimate the completeness (C) of registered
deaths (d°) and will provide an adjustment factor (equations 2 and 3).

11
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d°Ps (x+)
d(x+) = —— (2)
C
1
b(x+)=r+ c* d°bs (x+) 3)

For the adjustment of the line, at least eight points from adjacent age groups should be chosen.
The selection criteria depend on the country context: for example, in cases where migration exists, the
use of less affected age groups —such as those over 30 or 35 years of age— is recommended (Moultrie
and others, 2013). Similarly, the use of older age groups is not recommended, due to problems with age
reporting (Moultrie and others, 2013).

Inputs

e Census population by age and sex in a given period.

e Deaths by age and sex recorded in a specific period.

Outputs

e Stable population growth rate.

e Relative completeness of death registrations.

Assumptions

e Stable population.

e Population closed to migration.

e Completenessof death registrationsis constant, starting at a given age (15 years, for example).
Limitations

e Stable population: problems in countries undergoing mortality transitions (Martin, 1980).

e Subjective criteria for selecting age groups leads to a great deal of variability in the results
depending on the groups chosen.

2.  General growth balance (GGB)

The BGB method described in the previous section can be generalized when information from two or
more censuses is available, since in such cases the growth rate of each age group can be calculated from
the census data, without having to comply with the stability assumption.

As noted by Hill (1987), the relationship between the exit rate (observed deaths D°* over the
population aged x or more N(x+) calculated from the two censuses) and the entry rate (population entering
at age x N(x) over N(x+) minus the growth rate (r(x+), calculated from the growth rate between the two
census periods) for each age group allows the estimation of an intercept (k) that shows the variation in
enumeration completeness between the two censuses and a slope (2/C) that estimates the completeness
of the death registrations (C) relative to the average coverage of the two censuses (equation 4).

N(x) 1 D°PS(x)

Nehy TP T NG w
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As with the Brass method, for the selection of the line adjustment points, the BGB method

recommends the use of at least eight points from adjacent age groups and of ages less affected by
migration or age reporting problems (Hill, You and Choi, 2009; Moultrie and others, 2013).

B.

1.

Inputs

e Census population by age and sex over two time periods.

e Recorded deaths by age and sex over the intercensal period.

Outputs

. Relative intercensal coverage.

e Relative completeness of death registrations.

Assumptions

e Population closed to migration.

e Completeness of death registrations is constant above a certain age (15 years, for example).
Limitations

e Sensitive to age reporting problems and to intercensal coverage differentials (Dorrington,
Timaeus and Moultrie, 2008; Hill, You and Choi, 2009).

Synthetic extinct generations (SEG) methods

Preston-Coale method

The basic principle of the Preston-Coale method is that, in a stable population (where mortality and birth
rates are constant —and consequently so is the growth rate — and which is closed to migration), the
number of persons of age x (N(x)) can be estimated by examining the number of deaths starting at age x,
since both population and deaths grow by the same factor rand cohort populations can be reconstructed
through the deaths of their members (Preston and others, 1980) (equation 5).

N(x) = z D (a) * e™(@ %) ©)
a=x

Now, since registered deaths have a level of completeness equal to C such that D(x)=D°*(x)/C,

equation 5 becomes:

i DObS(x)
= I (a—x)
Ny = ) = ere o

a=x

As completeness C is assumed to be constant from a certain age group onwards,

co
N(x) — lz Dobs(x) * er(a—x)
C 7)
a=Xx
Therefore, using recorded deaths, completeness can be estimated by division:
N(x)

¢= N(x) ()

13
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where R(x) is the population at age x estimated from the observed deaths in the data and () is
the observed population at age x. From the estimates of these two elements, a series of ratios K(x)/N(x)
are obtained for various age ranges. As with the BGB and GGB methods, the criteria for selecting points
in the series to estimate relative completeness depend on the population context for adjusting the
estimation to the method’s assumptions (Moultrie and others, 2013).

One way to estimate completeness proposed by Moultrie and others (2013) is to calculate the
median (Cpso) and the 25% (szs) and 75% (CWS) percentiles within a given age range (15 to 65 years, for
example) and then calculate completeness by means of equation g.

C =0.50 = CpSO + 0.25 = Cp25 +0.25 % CP75 ©

Inputs
e Census population by age and sex in a given period.
e Registered deaths by age and sex in a given period.

e Growth rate r of the stable population; for example, an estimate from two censuses or the
output estimate of the Brass method can be used.

Outputs

e Completeness of death registrations.

Assumptions

e Stable population.

e Population closed to migration.

e Completeness of death registrations is constant as of a certain age (15 years, for example).
Limitations

e Astable population that is closed to migration is required.

2.  Extinct generations (SEG) method

Bennett and Horiuchi (1981 and 1984) generalized the Preston-Coale method to estimate the completeness
of deaths when the population is not stable. This method maintains that in a closed population, the
number of people alive —of a given age at a given time— must be equal to the number of people who
will die after that age, as initially proposed by Vincent (1951). The key idea behind this method is that
the future flow of deaths in a cohort can be replaced by current deaths, starting at a certain age, if the
effects of future population growth by age group are taken into account.

The main difference with the one-census method is that the growth rate is calculated for each
age group over two time periods (r(x)). Thus, the increase in deaths and in the population over the

intercensal period t=t -t_is adjusted by the factor elaTODY and no longer by the stable population
constant factor e™ used in Preston-Coale. In addition to this difference, in calculating the population
estimated by deathsin the intercensal period (equation 10), the principle of the SEG method is the same
as that of Preston-Coale, including the criteria for selecting age groups for the completeness estimation.

Nx) 1(® a
2‘ ) - EL D () * el T¥)9 dq (10)

N(x) =



ECLAC - Population and Development Series No. 137 Handbook for the use of death distribution methods

C.

Inputs

e Census population by age and sex over two time periods.

e Recorded deaths by age and sex over the intercensal period.

Outputs

e Relative completeness of death registrations.

Assumptions

e Population closed to migration.

e Completenessof deathregistrationis constant as of a certain age group (15 years, forexample).
e Thetwo censuses have the same population coverage.

e There are no substantive errors in the reporting of sex and age.

Limitations

e Sensitive to migration (Dorrington, Timaeus and Moultrie, 2008; Hill, You and Choi, 2009).

o Sensitive to differentials in intercensal coverage (Dorrington, Timaeus and Moultrie, 2008;
Hill, You and Choi, 2009).

Combined GGB-SEG method (SEG-delta method)

The SEG-delta method is a two-census method and uses the same input data as the GGB and SEG methods
and is based on the same assumptions. Essentially, this hybrid method applies a correction to the census
enumeration completeness differential, before applying the SEG method. This correction is estimated
by factor k (the ratio k*/k?), calculated by the line adjustment in the GGB method (Dorrington, Timaeus
and Moultrie, 2008; Hill, You and Choi, 2009).

The main advantage of this hybrid model is that it allows adjustments to one of the most sensitive

points of the SEG method (the coverage differential between censuses), which makes it more robust.
At the same time, the elimination of the closed population assumption is still problematic, but it can be
minimized by selecting an appropriate age range for the completeness estimate (Hill, You and Choi, 2009).

15
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Il. Data sources

All death distribution methods require that the data have a certain standard of quality in their age reporting.
In addition, for the two-census methods (SEG, GGB and SEG-delta), the data series must be consistent
and in alignment over time. Attention must therefore be paid to evaluating the quality of the age- and
sex-disaggregated information on population and deaths in order to identify any possible shortcomings
in the assumptions (Moultrie and others, 2013).

A. Preliminary analysis: evaluating data quality

Anumber of graphical data visualization tools and indexes are available to assess age misreporting in the
population (Aburto and others, 2021; Agostinho, 2009; Moultrie and others, 2013). Some of these tools
are described below to provide analysts with a range of options and to ensure they are aware of the main
points to evaluate when using each of them.

To evaluate the misreporting of age, the examples presented in this handbook use the R package
DemoTools (Riffe and others, 2019), which includes several functions for calculating most of the
indicators described.

1. General evaluation of death series

The first step, particularly for death series over time, is to check death total trends by age and sex.
In the absence of adverse events —such as armed conflicts, extreme weather events or geological
phenomena— the expectation is that deaths will increase as the population ages. Thus, in a relatively
large sample (e.g. a thousand deaths or more a year), strong variations in the data may indicate problems
of quality, coverage, completeness or even the occurrence of adverse events (earthquakes, armed
conflicts, epidemics or pandemics). This type of erratic behaviour in reported deaths may become more
pronounced as the level of analysis narrows: from the national to the subnational level, for example, or
for specific population subgroups.

17
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2.  Evaluation of age reporting

There are a number of indicators used to assess age reporting. One of the most common errors in age
reporting is a preference for numbers ending in 0 and 5 (Shryock and others, 1976). This handbook will
examine two of the most widely used indicators: Myers and Whipple. Others —such as the Noumbissi
index and the Bachi index— are available in Aburto and others (2021), but they will not be presented
here as the idea is already covered by the two examples chosen. In addition, these methods correlate
highly when applied to the same data and age range, making it unnecessary to use more than one or two
methods to assess the quality of the databases’ age reporting (see Aburto and others, 2021, for details
on the application of several of these methods and indicators for assessing age reporting).

(@) Whipple's index

The purpose of Whipple's index is to measure the attraction of one or more digits among ages.
[ts most common use is to measure the attraction of ages with a terminal digit of o or 5 (Shryock and
others, 1976), and it is generally calculated for adult age groups (between 20 and 70 years of age). It can be
calculated in R using the DemoTools package. Its output is a value between 1 (ages are not concentrated
between final digits o and 5) and 5 (ages are completely concentrated in final digits o and 5) (Aburto and
others, 2021).

(b)  Myers’ index

Myers' index estimates the preference for each of the 10 digits in reported ages by calculating
the relative proportions of each of the 10 digits in the population’s declared ages. Its basic principle is
that absent age misreporting, the total population with ages terminating in each digit should amount to
approximately 10% of the total population (Shryock and others, 1976). The implementation of the method,
using the DemoTools package, yield a result ranging from o (digits with perfectly uniform distribution)
and go (all ages end in the same digit) (Aburto and others, 2021).

3.  Counting or displacement errors in ages

One of the most common ways to adjust for age reporting problems—especially the preference for
certain digits—is to conduct the analysis with the data aggregated into five-year groups (o to 4, 5to g,
10 to 14... 80 and over), which can be done with the DDMs described in this handbook. However,
problems in age reporting are often so severe that people can be displaced between these five-year
groups, which can affect data in grouped ages. A tool that allows the visualization of this type of problem
is the age ratio (AR) graph, equation 11, as proposed by Moultrie and others (2013):

2*5Px

RE, = ———
° x 5Px—5'!{5'Px+5

, para x =5,10,15,... (11)

Assuming that population changes are linear between age groups, the ratio between twice the
population of age group x and the sum of its adjacent groups (575+5™*5) should be close to 1. Deviations
from this value may be indicative of undercounting, data displacement errors in the age groups or
phenomena such as migration and natural disasters that may affect age groups differently (Moultrie
and others, 2013).

4. Data evaluation for older ages

Age misreporting or overstatement of age at death is common in older age groups and has been
widely documented in the literature (Coale and Li, 1991; Moultrie and others, 2013; Preston, Elo and
Stewart, 1999). The consequences of problems of this type, however, have not been closely examined
in the context of applying DDMs (Hill, You and Choi, 2009). This handbook offers two different ways to
evaluate such problems.
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(@) Coale-Liindicator

This indicator is used to assess misreporting at older ages. In its original form, it examines the
40—90 year range for ages ending in zero. The indicator is the average given by dividing the observed
frequency of people at the age containing the selected digit by the two-stage moving average using five
underlying ages (Coale and Li, 1991). The two-stage moving average involves, first, estimating the moving
average with five terms for all ages, after which the moving average of that first series is then estimated
again. If the final index is close to one, there is no digit preference. The index produced by the DemoTools
package ranges from o to 5, with the latter indicating that the data are completely concentrated on
the digit in question (Aburto and others, 2021). In the package, the user selects the age range and the
preferred digit; the defaults are an age range from 60 to the maximum age in the database and zero as
the preferred digit (in general, the digits zero or five are used).

(b) Ratio

The ratio of deaths of persons aged over 8o to deaths of persons aged over 60 is used to assess
the exaggeration of death ages at older ages (Agostinho, 2009). If the number of deaths of persons aged
8o and over is too high compared to the total number of deaths of persons 60 and above, this could indicate
atendency to exaggerate the age of older decedents. The value of the ratio is verified by comparing the
result with a reference country that has quality death registration data; in this handbook, Sweden is used
as the quality reference for this indicator.

5.  Evaluation of data by sex

The evaluation of the sex ratio (or masculinity index) by age can be useful to detect possible registration
differentials between sexes in civil registration and vital statistics (CRVS) systems, undercounting of more
vulnerable population segments and sex preferences (Coale and Banister, 1996; Hesketh and Xing, 2006).
In other cases, it also serves to identify sex selectivity trends in migratory phenomena (Leibert, 2016).

The sex ratio is the ratio of total males to total females in each age group. In general, in the region’s
countries, the sex ratio at birth is around 1.05.

The population’s sex ratio by age depends on births, deaths by age and migration patterns within
that population. Thus, it starts at a value close to 1.05 at age zero (similar to the sex ratio observed in
birth records) and decreases as age advances.

For deaths, according to each country’s morbidity patterns, either more or fewer male and female
decedents are expected at certain ages. Up to the age of 14, mortality is generally expected to be similar
between males and females. For other ages, it depends on the country’s morbidity profile: for example,
higher mortality among men can be expected if the country has a high homicide rate, or among women
if maternal mortality is high, and so on.

B. Example of R application

This section applies the methodological approach described above for assessing data quality and estimating
the completeness of death statistics in two population groups from two different Latin American countries:
men in the Province of Azuay in Ecuador over the period 2001—2010 (INEC, n.d., 2010 and 2001), and
women in the Department of Arequipa in Peru over the period 2007-2017 (INEI, 2007 and 2017). The
R scripts for replicating this analysis are attached to this document and the description of their content
is in the file descripcion_archivos.txt.

Images 1 and 2 show the format of the base data for the analysis. The death and population data
are available in the files attached to this document (defunciones.csv and poblacion.csv) and the details of
the variables are in the file descripcion_archivos.txt.
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Image 1
Death data format: file defunciones.csv

= ETe PERES region ano sexo defunciones
0 Ecuador Azuay 2001 f 56
Ecuador Azuay 2001
Ecuador Azuay 2001
Ecuador Azuay 2001
Ecuador Azuay 2001

J

=N

o w L

Peru Arequipa 2017
Peru Arequipa
Peru Arequipa
Peru Arequipa
Peru Arequipa

Source: Prepared by the authors.

Image 2
Population data format: file poblacion.csv

fecha

g 001-11-25

Azuay 0 1=11=25
ay =11 =05
Azuay 2001 1=11525
Azuay 2001 d=11=25

Vol b w N

Madre

Mad de
1 Madre de

Madre de

Madre de

Source: Prepared by the authors.

1.  Evaluating data quality

(@)  Evaluating the death series

One important first step in evaluating the data is to plot the death series by year over the analysis
period. Figures 1 and 2 show total deaths for each of the evaluated regions. Such visualizations are
important to evaluate trends in the data, since —absent extreme events such as migratory flows,
pandemics, conflicts, earthquakes and extreme climate events— it is expected that, in general, deaths will
increase (or decrease) incrementally and not drastically. Strong variations at the national or subnational
levels —for example, greater than 10% in samples with more than 1,000 deaths per year— may indicate
registration or data coverage problems.
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Figure 1
Total deaths per year: men, Azuay, Ecuador, 20012010
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Source: National Institute of Statistics and Censuses (INEC), "Anuario de Nacimientosy Defunciones” [online] https://www.ecuadorencifras.
gob.ec/anuario-de-nacimientos-y-defunciones/.

Figure 2
Total deaths per year: women, Arequipa, Peru, 20072017
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Source: National Institute of Statistics and Informatics (INEI), “Bases de datos” [online] https://www.inei.gob.pe/bases-de-datos.

(b)  Agereporting information

In order to assess digit preference in death age reporting and in the census population at adult
and older ages, the Whipple, Myers and Coale-Liindexes were used. The R functions for calculating those
indicators are in the DemoTools package and can be accessed using the commands check_heaping_whipple,
check_heaping_myers and check_heaping_coale_li.


https://www.ecuadorencifras.gob.ec/anuario-de-nacimientos-y-defunciones/
https://www.ecuadorencifras.gob.ec/anuario-de-nacimientos-y-defunciones/
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Tables 1 and 2 show the results of calculating those indexes for the selected regions of Ecuador
and Peru. According to the criteria used, there are no suspicions of serious age misreporting problems
in either case. In fact, the most recent census data indicate an improvement in age information in most
of the indicators.

Table 1
Quality indicators for age reporting (Whipple, Myers and Coale-Li) in death data: men, Azuay, Ecuador,
2001 and 2010; and women, Arequipa, Peru, 2007 and 2017

Whipple Myers Coale-Li
Azuay 2001 1.115 3.495 1.048
Azuay 2010 1.110 4.830 1.028
Arequipa 2007 1.059 4.337 1.154
Arequipa 2017 1.044 4.114 0.944

Source: National Institute of Statistics and Censuses (INEC), *Anuario de Nacimientosy Defunciones” [online] https://www.ecuadorencifras.
gob.ec/anuario-de-nacimientos-y-defunciones/, and National Institute of Statistics and Informatics (INEI), “Bases de datos” [online]
https://www.inei.gob.pe/bases-de-datos/.

Table 2
Quality indicators for age reporting (Whipple, Myers and Coale-Li) in population census data:
men, Azuay, Ecuador, 2001 and 2010; and women, Arequipa, Peru, 2007 and 2017

Whipple Myers Coale-Li
Azuay 2001 1.156 4.027 1.411
Azuay 2010 1.025 1.102 1.167
Arequipa 2007 1.087 3.571 1.313
Arequipa 2017 1.014 0.556 0.985

Source: National Institute of Statistics and Censuses (INEC), Censo de Poblacion y Vivienda, 2010 and 2001 [online database] https://
www.ecuadorencifras.gob.ec/base-de-datos-censo-de-poblacion-y-vivienda/, and National Institute of Statistics and Informatics (INEI),
Censos Nacionales Xl de Poblacidn, VIl de Vivienda, 2017 and Censos Nacionales XI de Poblacion, VI de Vivienda, 2007 [online database]
https://www.inei.gob.pe/bases-de-datos/.

In death data, evaluating the exaggeration of the age of the elderly is also important and this can
be achieved, for example, by calculating the ratio between the total number of deaths of persons aged
8o years and over and those of persons aged 60 years and older and comparing the result with a reference
country that has quality data available. Figure 3 compares the two regions under review with information
from Sweden. As the calculated ratios are lower than the ratios for Sweden, there is no indication of
exaggeration in the death ages of older persons. Thus, the results of the Coale-Li index for deaths and
the D80o+/D60+ ratio present consistent results regarding age exaggeration at older ages.

Finally, possible problems with information displacement between age groups are evaluated by
calculating populations and deaths in five-year age groups and comparing adjacent groups. The idea is
that population volume changes between age groups should be smooth; in the case of deaths, however,
the trend by age is only approximately linear for adult ages. Thus, the evaluation of the age ratio (AR) was
restricted to ages 10 to 79 for deaths and to ages o to 84 for the census population. The age ratio is not
expected to be far outside the range of 0.9 to 1.1; in other words, a 10% difference between age group
x and the average of the adjacent age groups (Moultrie and others, 2013).


https://www.ecuadorencifras.gob.ec/base-de-datos-censo-de-poblacion-y-vivienda/
https://www.ecuadorencifras.gob.ec/base-de-datos-censo-de-poblacion-y-vivienda/
https://www.inei.gob.pe/bases-de-datos/
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Figure 3
D8o+ / D60+ death ratio: men, Azuay, Ecuador, and women, Arequipa, Peru,
compared to men and women in Sweden
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Source: National Institute of Statistics and Censuses (INEC), "Anuario de Nacimientosy Defunciones” [online] https://www.ecuadorencifras.
gob.ec/anuario-de-nacimientos-y-defunciones/ and National Institute of Statistics and Informatics (INEI), “Bases de datos” [online]
https://www.inei.gob.pe/bases-de-datos/.

Figures 4 to 7 show that the death data for some age groups are slightly outside the 0.9-1.1range.
At the same time, the age ratios for the census populations are very close to 1.

Figure 4
Ratio of death ages: men, Azuay, Ecuador,2001 and 2010
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Source: National Institute of Statistics and Censuses (INEC), "Anuario de Nacimientos y Defunciones” [online] https://www.ecuadorencifras.

gob.ec/anuario-de-nacimientos-y-defunciones.15.
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Figure 5
Ratio of census population ages: men, Azuay, Ecuador, 2001 and 2010
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Source: National Institute of Statistics and Censuses (INEC), Censo de Poblacion y Vivienda, 2010 and 2001 [online database] https://
www.ecuadorencifras.gob.ec/base-de-datos-censo-de-poblacion-y-vivienda/.

Figure 6
Ratio of death ages: women, Arequipa, Peru, 2007-2017

Age ratio

Age
—o— Arequipa 2007 —8— Arequipa 2017

Source: National Institute of Statistics and Informatics (INEI), “Bases de datos” [online] https://www.inei.gob.pe/bases-de-datos/.
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Figure 7
Ratio of census population ages: women, Arequipa, Peru, 2007 and 2017
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Source: National Institute of Statistics and Informatics (INEI), Censos Nacionales XIl de Poblacidn, VIl de Vivienda, 2017 [online database]
https://www.inei.gob.pe/bases-de-datos/ and Censos Nacionales XI de Poblacion, VI de Vivienda, 2007 [online database] https://www.
inei.gob.pe/bases-de-datos/.

2.  Data preparation for applying DDMs

Before applying the DDM functions implemented in R, the data must be formatted correctly. Image 3
shows the format for using the one-census functions (BGB and Preston-Coale) described in this handbook
(see attached files), and image 4 shows the input format for the two-census functions implemented in
the DDM R package (GGB, SEG and SEG-delta).

With the two-census methods, it must be noted that the information on deaths refers either to the
total deaths occurring between the census dates or to the average number of deaths occurring between
those dates. For Azuay, for example, deaths occurring between 25 November 2001 and 28 November 2010
are considered. Thus, for deaths occurring in 2001 and 2010, the deaths occurring in the year are distributed
proportionally for the period under study: in other words, an approximate estimate of the deaths that
took place between 25 November and 31 December 2001 and those that took place between 1 January
and 28 November 2010. The scripts describe these calculations in detail.
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Image 3
Data format for applying one-census DDMs
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Source: Prepared by the authors.

Image 4
Data format for applying two-census DDMs
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Source: Prepared by the authors.

3. Application of DDMs

(a) One-census methods

0] BGB method

An example of the function call bgb for completeness estimation using the BGB method is presented
inimage 5. The standard of the function calculates estimates of growth rate rand completeness c for all
possible age groups. Image 6 presents the calculation for a pre-defined selection of ages as another option.
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Image 5
Bgb function call for completeness estimation using one census and BGB method

lower upper
15
15
15

=

.001254
2.000750

I e e S e =)

Source: Prepared by the authors.
Image 6

Bgb function call for completeness estimation using one census and BGB method for a specific age group

r ¢ lower lope intercept RMSE
> 9.960552 5 0. 84 0.001951

Source: Prepared by the authors.

The function call in image 5 also produces the diagnostic graph (figure 8) of the line fit of the
equation presented above. The root mean square error (RMSE) line is shown in red onimage 5, between
the adjusted and observed values.

Figure 8
Diagnosis of the completeness estimation line fit using the BGB method: men, Azuay, Ecuador, 2010
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Source: National Institute of Statistics and Censuses (INEC), Censo de Poblacion y Vivienda, 2010 and 2001 [online database] https://
www.ecuadorencifras.gob.ec/base-de-datos-censo-de-poblacion-y-vivienda/ and “Anuvario de Nacimientos y Defunciones” [online]
https://www.ecuadorencifras.gob.ec/anuario-de-nacimientos-y-defunciones/.
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Table 3 below presents estimates for the age ranges with the lowest error estimates in the line
fit. This point will be discussed in more detail after the results of all the methods have been presented.

Table 3
Estimates of the relative completeness of deaths, one-census BGB method: men, Azuay, Ecuador, 2001 and 2010;
and women, Arequipa, Peru, 2007 and 2017

Age range Growth rate r Completeness—BGB
Azuay 2001 30-65 0.021 0.921
Azuay 2010 35-70 0.023 0.867
Arequipa 2007 35—70 0.035 0.901
Arequipa 2017 20-55 0.014 0.415

Source: National Institute of Statistics and Censuses (INEC), Censo de Poblacidn y Vivienda, 2010 and 2001 [online database] https://
www.ecuadorencifras.gob.ec/base-de-datos-censo-de-poblacion-y-vivienda/ and “Anuvario de Nacimientos y Defunciones” [online]
https://www.ecuadorencifras.gob.ec/anuario-de-nacimientos-y-defunciones/; National Institute of Statistics and Informatics (INEI),
Censos Nacionales Xl de Poblacién, VIl de Vivienda, 2017 and Censos Nacionales XI de Poblacion, VI de Vivienda, 2007 [online database]
https://www.inei.gob.pe/bases-de-datos/.

(i) Preston-Coale method

Image 7 shows the standard call of the preston.coale function used to estimate the completeness of
deaths using the Preston-Coale method. This standard call uses the age groups between 15 and 74 years
to estimate completeness and uses the BGB function to calculate a growth rate estimate.

Image 7
Preston.coale function call for estimating completeness using one census
and the Preston-Coale method

c edian
[l_,] 0.421114 ©0.406569 0.3 0 0.485063 0.41994 15 5

c15_plus lower upper

Source: Prepared by the authors.

Image 8 shows an alternative mechanism with manual age group selection and the use of a user-
defined growth rater.

Image 8
Preston.coale function call for estimating completeness using one census
and the Preston-Coale method for specific age ranges

Source: Prepared by the authors.

The graphical diagnosis of the Preston-Coale method is based on plotting the Cx series versus x (age
groups). Age groups with no upward or downward trends should be chosen for estimating completeness
(Moultrie and others, 2013). See figures g and 10, below.
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Figure g
Diagnosis of age ranges used for calculating completeness using the Preston-Coale method:
men, Azuay, Ecuador, 2001
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Source: National Institute of Statistics and Censuses (INEC), Censo de Poblacion y Vivienda, 2010 and 2001 [online database] https://
www.ecuadorencifras.gob.ec/base-de-datos-censo-de-poblacion-y-vivienda/ and “Anuario de Nacimientos y Defunciones” [online]
https://www.ecuadorencifras.gob.ec/anuario-de-nacimientos-y-defunciones.

Figure 10
Diagnosis of age ranges used for calculating completeness using the Preston-Coale method:
women, Arequipa, Peru, 2007
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Source: National Institute of Statistics and Informatics (INEI), Censos Nacionales XII de Poblacién, VIl de Vivienda, 2017, and Censos
Nacionales XI de Poblacién, VI de Vivienda, 2007 [online database] https://www.inei.gob.pe/bases-de-datos/.
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The results of the Preston-Coale method estimates are shown on table 4. For the calculations,
different growth rates were used between the initial year and the final year, close to what was observed
for the period in the regions and considering that, in the first year, growth was higher (almost 2%). Age
groups in which the Cx series are more constant were also chosen.

Table 4
Death completeness estimates, Preston-Coale one-census method: men, Azuay, Ecuador, 2001 and 2010;
and women, Arequipa, Peru, 2007 and 2017

Age range Growth rate r Completeness—Preston-Coale
Azuay 2001 15-60 0.020 0.773
Azuay 2010 15-65 0.015 0.593
Arequipa 2007 20-55 0.020 0.475
Arequipa 2017 20-55 0.015 0.447

Source: National Institute of Statistics and Censuses (INEC), Censo de Poblacion y Vivienda, 2010 and 2001 [online database] https://
www.ecuadorencifras.gob.ec/base-de-datos-censo-de-poblacion-y-vivienda/ and “Anuvario de Nacimientos y Defunciones” [online]
https://www.ecuadorencifras.gob.ec/anuario-de-nacimientos-y-defunciones; National Institute of Statistics and Informatics (INEI),
Censos Nacionales Xl de Poblacién, VIl de Vivienda, 2017 and Censos Nacionales XI de Poblacion, VI de Vivienda, 2007 [online database]
https://www.inei.gob.pe/bases-de-datos/.

(b) Two-census methods

The two-census methods have functions that have been implemented and tested extensively by
the demography community using the DDM package in R. Image g shows the function calls of all those
methods: (1) ggb function (GGB), (2) seg function (SEG), (3) ggbseg function (SEG-delta), and (4) ddm
function (summary of all three, only with the completeness estimates of each one). The specific functions
for each method contain more details of their application, such as the selected age ranges, error estimates,
methods used, estimates of relative intercensal coverage (delta or k) and so on. Thus, table 5 presents
the results of applying these methods with the standard age selection, selected for error minimization.

Image 9
Ddm, ggb, seg and ggbseg function calls for completeness estimation using two-census methods

1 Ecuador-Azuay-m

Ecuador-Azuay-m

Ecuador-fzuay-m 2

Ecuador-Azuay-m

Ecuador-Azuay-m
Source: Prepared by the authors.
In general, two-census methods are more robust since they do not use the stability assumption;

stability is uncommon in populations, particularly in Latin American and Caribbean countries
(Moultrie and others, 2013).
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Table 5
Death completeness estimates, GGB, SEG and SEG-Delta two-census methods:
men, Azuay, Ecuador, 2001-2010; and women, Arequipa, Peru, 2007-2017

GGB ages GGB k (GGB) SEG ages SEG SEG-deltaages SEG-delta
Azuay 2001-2010 35—70 0.627 0.903 15-50 0.943 35—70 0.626
Arequipa 2007-2017 35-70 0.766 0.965 35-70 0.748 20-55 0.675

Source: National Institute of Statistics and Censuses (INEC), Censo de Poblacidn y Vivienda, 2010 and 2001 [online database] https://
www.ecuadorencifras.gob.ec/base-de-datos-censo-de-poblacion-y-vivienda/ and “Anuario de Nacimientos y Defunciones” [online]
https://www.ecuadorencifras.gob.ec/anuario-de-nacimientos-y-defunciones/; National Institute of Statistics and Informatics (INEI),
Censos Nacionales XIl de Poblacidn, VIl de Vivienda, 2017 and Censos Nacionales Xl de Poblacion, VI de Vivienda, 2007 [online database]

https://www.inei.gob.pe/bases-de-datos/.

(i) Sensitivity analysis

Both one- and two-census methods are sensitive to the age groups selected for the completeness
estimation, especially those methods that use the population growth rate equation (BGB and GGB). Thus,
one way to plot the sensitivity of the methods is by calculating the completeness for multiples of age
selection criteria and then observing the variability of the results. As shown on figures 11and 12, the GGB
method is very sensitive to the ages selected for estimation. In contrast, the SEG method is less sensitive
to group selection but is more affected by the relative intercensal coverage differential. Consequently,
the SEG-delta method reports greater variability in relation to the selected age groups.

The one-census methods (BGB and Preston-Coale) yield the relative completeness of deaths during
the reference period (census year). In turn, the two-census methods yield the average relative completeness
of deaths over the intercensal period. Thus, the series in figures 11 and 12 with one-census and two-census
methods use different reference periods and are not directly comparable. In addition, the Preston-Coale
method uses a population growth rate as an input and, in this case, the growth rate resulting from the
BGB method using the 15 to 59 age groups was used. Therefore, further analysis could be done by testing
the sensitivity of this method for the choice of the age group for the BGB growth rate.

Figure 11
Sensitivity analysis of the selection of age ranges for DDM estimates in Azuay, Ecuador, 2001—2010
A. Men B. Women
1.9 1
1.8 1
2 g 177
2 2 16+
[J] ] m
g £ 15
2 5 144
2 ARTE
© (]
£ g 107
=] = 4 — 7
4 g 09 ~ T~
. 0.8 — —
0.7 1 0.7 1 __
0.6 0.6
T T T T T T T T T T T T T T 1 T T T T T T T T T T T T T T 1
o mn o 1n O 1N O L O O wmn O o O o n o n O L o n O o mn O wn o o
PRYLYTYRYYTYLYTYTT PR T2YYTYY YL
Ca i S - S =S =S LDV RIILRLLAIRA
Age range
Method
—— BGB - Census1 —— BGB - Census 2 GGB ~ —— Preston-Coale - Census 1
SEG —— Preston-Coale - Census 2 —— SEG-delta

Source: National Institute of Statistics and Censuses (INEC), Censo de Poblacion y Vivienda, 2010 and 2001 [online database] https://
www.ecuadorencifras.gob.ec/base-de-datos-censo-de-poblacion-y-vivienda/ and “Anuvario de Nacimientos y Defunciones” [online]
https://www.ecuadorencifras.gob.ec/anuario-de-nacimientos-y-defunciones/; National Institute of Statistics and Informatics (INEI),
Censos Nacionales XII de Poblacién, VII de Vivienda, 2017 and Censos Nacionales XI de Poblacion, VI de Vivienda, 2007 [online database]

https://www.inei.gob.pe/bases-de-datos/.
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Figure 12
Sensitivity analysis of the selection of age ranges for DDM estimates in Arequipa, Peru, 2007-2017
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Source: National Institute of Statistics and Censuses (INEC), Censo de Poblacion y Vivienda, 2010 and 2001 [online database] https://
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Ill. Discussion and recommendations

This handbook has set out a method for using DDMs, including examples of applying the methods to
a preliminary analysis of the quality of population and death data for regions of Ecuador and Peru. The
following sections contain some important points and discussions to be considered in using DDMs.

A. Use of observed data

Itisimportantto keep in mind that the use of observed data in DDMs —for both population and deaths—
avoids circularity in the estimates. For example, if estimated population data are used, they already contain
adjustments that could influence the estimates for completeness and intercensal coverage.

B. Harmonized death series

Death series should come from the same data source, as different sources may have different levels of
completeness or coverage, leading to biased completeness estimates.

C. Information evaluation prior to method application

An analysis of the observed data is vital before the methods are applied, as they are very sensitive to
breakdowns in age and migration reporting assumptions and this can be seen in the variability observed in
the results (Agostinho, 2009; Dorrington, Timaeus and Moultrie, 2008; Hill, You and Choi, 2009; Moultrie
and others, 2013). If necessary, the data can be adjusted using the Beers, Sprague, Spline and Kannisto
methods, moving averages or other mechanisms (Riffe and others, 2019) for correcting age reporting
problems in the data.
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D. Choice of method

Each method has its advantages and disadvantages. The first one-census methods, BGB and Preston-Coale,
have the disadvantage of assuming a stable population, which limits their usefulness in countries where
the demographic transition occurred recently or remains ongoing (Hill, 2021). Among the two-census
methods, GGB is highly sensitive to the assumption of a population closed to migration, while the SEG
method is more sensitive to the assumption of age reporting and the intercensal coverage differentials
(Dorrington, Timaeus and Moultrie, 2008; Hill, You and Choi, 2009). In general, the GGB-SEG method is a
good adjustment of the SEG method, as it corrects the intercensal coverage problem to yield a method
that is less sensitive to migration (Dorrington, Timaeus and Moultrie, 2008; Hill, You and Choi, 2009;
Murray and others, 2010). Numerous recent studies have proposed this method as a good way to estimate
adult-age completeness (Murray and others, 2010). It should nevertheless be noted that all the methods
present problems and yield biased estimates when age-completeness differentials exist.

E. Caution with use in a subnational context

Using DDMs in a subnational context requires care and attention from the analyst, as the effects related
to migration and data quality are magnified when dealing with smaller areas. In particular, migration
should be monitored and diagnostic charts should be evaluated for choosing the most appropriate age
group for the completeness estimation. In this context, the results presented in this handbook’s examples
must be analysed with caution.
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Attached to this document is a zip file, available at https://celade.cepal.org/documentos/
MetodosDefunciones/anexo_metodos_defunciones.zip. The archive contains three folders with eleven
files for applying the methods described in the handbook. The zip file is structured as follows:

A.  InputsDDM

1. inputs_ddm_1_censo.RData
2. inputs_ddm_2_censos.RData

B. InputsManual
1. defunciones.csv
2. defunciones_suecia.csv
3. poblacion.csv
C. RScriptsManual
. 1_analisis_preliminar.R
. 2_preparacion_datos_ddm.R
. 3a_aplicacion_ddm_1_censo.R

1
2
3
4. 3b_aplicacion_ddm_2_censos.R
5. 4_analisis_sensibilidad_ddm.R
6

. funciones_ddm_a_censo.R


https://celade.cepal.org/documentos/MetodosDefunciones/anexo_metodos_defunciones.zip
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