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Abstract

Ethiopia does not a have a functional vital registration system for its mortality analysis

and the model life tables that exist today have been criticized for not capturing mortality

experiences of the country because they did not include mortality data from the developing

world while created. This study, therefore, aims to construct a mortality analysis tool -

a system of model life tables - that addresses the issue of mortality analysis in Ethiopia

using Brass’ logit approach. Infant Mortality Rates (IMRs) and Under - Five Mortality

Rates (U5MRs) collected from the Global Burden of Disease Study (GBD) 2019 were com-

bined with survivorship functions derived from Ethiopian empirical life tables from the UN

World Population Prospects (WPP) 2022. By averaging thirty years of UN survivorship

functions for Ethiopia and its regions, tailored standard survivorship functions were de-

veloped. The original lx and the standard lsx survival functions were related via their logit

transformations allowing for the computations of age specific mortality rates on the basis

of the available data - IMRs and U5MRs.

Finally, a complete set of model based abridged life tables was generated by fitting the

parametric model to the transformed survival functions.

The results indicate that the newly developed system of model life tables produced fairly

comparable results to those found in the literature concluding its robustness and applica-

bility. With a 7.7% increase in the likelihood of survival at birth, life expectancy increased

by 16.977 years. IMRs and U5MRs decreased by 69.5% and 66% respectively and they

differed from 12.88 deaths per 1000 live births in Addis Ababa to 43.94 in Benshangul -

Gumuz; and from 28.16 deaths per 1000 live births in Addis Ababa to 77.32 in Benshangul

- Gumuz respectively.

Even though Ethiopia’s survival rate has improved over the previous three decades, more

work is still demanded to lower the persistently high level of mortality, reach the global

average life expectancy, and satisfy the Sustainable Development Goals set by the United

Nations to the greatest extent viable.

Key words: Brass’ logit model, Ethiopia, Life expectancy, Life table, Mortality
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1 Introduction

1.1 Background of the Study

According to Pol and Thomas (2001), mortality refers to the measurement of death rates

including its causes and characteristics of those who are dead. It is, therefore, the frequency

of death occurrence and the its pace is determined by the frequency of its relevant event,

death (Lundquist et al., 2014).

Studying mortality - the unavoidable end of life and its impact on individuals and society -

holds immense significance for a number of reasons, including understanding the life cycle,

improving health care and quality of life, understanding its ethical and social implications,

facing our own mortality, planning and making informed decisions for the future, and

ultimately leading more meaningful and purposeful lives in the face of our inevitable end.

There have been attempts to measure and quantify mortality since antiquity, according

to a variety of sources. According to Impagliazzo (2012), Babylonia was concerned about

mortality as early as 3800 B.C. One of the earliest records of mortality dates to the Stone

Age, when it was discovered from stone etchings that only 54% of people lived to be five

years old. Curiously, however, only 3% of people lived to be seventy. According to various

sources, the maximum age that people used to live during the Bronze age was not better

than fifteen; on the other hand, reaching 65 was a rare event in pre - modern societies

with only about 10% of them lived that long (Weeks, 2020). For much of human history,

people were used to living a short life span usually twenty to thirty years (Weeks, 2020;

Newbold, 2021). But after a few thousand years, improvements in housing, sanitation,

nutrition, and health intervention programs led to a decline in mortality and an increase in

life expectancy (Cutler et al., 2006; Bhusal and Khanal, 2022; Muttarak and Wilde, 2022).

A table summarizing human mortality from pre - modern times to the present is provided

below, along with an explanation of what longer life expectancies mean:
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Table 1: Death Summary and the meaning of improvements in life expectancy

Source: (Weeks, 2020), p.141.

Although people were curious about understanding and tracking death throughout their

lives, it was only in the 17th century that they began studying it scientifically(Coale et al.,

2013). Though death is inevitable to everyone, factors such as age, sex, race, occupation,

and social standing influence its occurrences and its rates can tell much about the living

standard and health care system of a population (Haupt et al., 2011).

Mortality is, therefore, worth of being studied and quantified in that it helps properly

understand the overall wellbeing of the human race and act accordingly.

1.2 Measuring Mortality

In measuring mortality, we are attempting to estimate the force of mortality, the extent

to which people are unable to live to their biological maximum age (Weeks, 2020). The

most basic way to measure mortality is simply to count the number of deaths (Pol and

Thomas, 2001). According to Rau (2013); Shryock et al. (1980); Yusuf et al. (2014), and

others, the simplest and most widely used measure of mortality is the Crude Death Rate

(CDR). This rate is the weighted average of age-specific death rates, where the weights

are supplied by a population’s proportionate age distribution (Preston and Guillot, 2001).

Because of differences in age structure, crude death rates are not suitable for comparing the

populations of several countries over time and in space (Gaimard, 2013). This disadvantage

becomes apparent when the CDR is used as a common measure to compare the mortality
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experience of several communities (Chiang et al., 1978). Even death experiences of the

same population cannot be well explained and nor can they be compared using Crude

Death Rates (CDRs) at different periods of time that would bring about changes in the

age structure.

Poston Jr and Bouvier (2010) note that because death varies so considerably with age, Age

Specific Death Rates (ASDRs) and not Crude Death Rates should be used to compare the

mortality experiences of countries with known differences in the age composition of their

populations. Although age – specific death rates are preferable to crude death rates in

comparing mortality experiences of different populations and even of the same population

at different times with different age compositions because they are not influenced by the

population’s structure, no single rate but many of them have to be in use to depict the

mortality experiences of the given population (Lundquist et al., 2014).

Rau (2013) then reminds that it will be convenient to look for a measure that avoids

the limitations of both the crude and the specific death rates and present a single figure

that is not influenced by the age-sex structure of the population and emphasizes that life

expectancy at birth is such a measure. This measure is, therefore, explained through a

statistical model called life table (Weeks, 2020).

1.3 Life Tables

An important extension of the tools of mortality analysis is the model called the life table;

a life table is a statistical table describing the course of mortality and survivorship of a

hypothetical birth cohort through the life cycle (Rau, 2013). It is the demographer’s way

of representing the effects of mortality (UN, 1990).

Two main systems of mortality measurements are in use; the first includes crude and age

(and sex) specific death rates, and the second is derived from the life-table concept and its

various functions (UN, 1955).

Mortality rates give an indication of the chances of survival of populations. However, as

age-specific mortality rates show, the chances of survival vary from one age to another at

different stages of the life span. In general terms, there are also differences in mortality

between males and females. Therefore, crude deaths rates are poor indicators of survival

and the length of life, on average, because of disparities in the age composition of different

populations (Yusuf et al., 2014).
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While crude death rate is the most readily available measure of mortality, it is generally

a poor indicator of mortality as it does not take age structure into account (Srinivasan,

2011). Indeed, other than as a component of population growth, it is a measure to be

avoided (Carmichael et al., 2016).

Etikan et al. (2017) indicated that life table is used to overcome these problems because

it best expresses the pattern of human mortality and presents a detailed sketch of a popu-

lation that systematically gets depleted through death at each age. Since the expectation

of life at birth or its reciprocal, the life table death rate is the single measure of mortality

derived from the age specific death rates of a population and since this measure does not

depend upon the existing age distribution of the population, it is totally free from the

weaknesses of the crude rate (UN, 1983).

Shryock et al. (1980) also explain that life tables are primarily used to calculate the pop-

ulation’s mortality rate; one of their main advantages over other methods of calculating

mortality is that they do not take into account an actual population’s age distribution

and do not demand the use of a reference population in order to make valid comparisons

between the mortality rates of various populations. Moreover, Keyfitz et al. (2005) add

that the life table answers questions concerning individuals: what is the probability that

a man aged 30 will survive until he retires at 65? But it also answers questions concerning

cohorts, groups of individuals born at the same time: what fraction of the births of this

year will still be alive in the coming year, or how many of them will live to the age of

retirement? Third, it answers population questions: if births were constant from year to

year in a closed population of constant mortality, what fraction of the population would be

65 and over? Accordingly, the life table is couched in terms of probabilities for individuals,

but for populations it is a deterministic model of mortality and survivorship.

It is, therefore, to exploit these advantages and at the same time to cope with the limita-

tions of crude rates as measures of mortality that we are going to use the life table as a

mortality analysis tool taking the advantage of it not being affected by age distributions

in a sense that it will be a display of life expectancy at birth.

A life table is a statistical model which combines the mortality rates of a population at

different ages into a single set-up (Srinivasan, 2011). It is also “a tabular display of life

expectancy and the probability of dying at each age (or age - group) for a given population,

according to the age-specific death rates prevailing at that time (Chander Shekhar, 2011).
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1.3.1 Historical development of Life Tables

It was the Roman Juris - consulate, Emilius Macer, who published a table of mortality

or life expectancies in order to capitalize annuities about the year 225 A.D for the first

time (Etikan et al., 2017; Impagliazzo, 2012). According to Impagliazzo (2012), this table

was simple and arbitrary so that Macer sanctioned the use of another improved and more

correct schedule whose authorship was credited to Ulpian; this later table was considered

accurate since it reflected actual life expectancies.

In 1570, Girolamo Cardano estimated the first mathematical formula that related age x

,and life expectancy e, and said that the expectancy of life was a linear decreasing function

of age e = k(x−ω) , where ω is the final age. This formula was not however based on real

mortality data. John Graunt in 1662 and Edmund Halley in 1693 developed sketches of

what we call today life tables based on observed real mortality data (Impagliazzo, 2012;

Coale et al., 2013; Preston and Guillot, 2001; Gaimard, 2013; Poston Jr and Bouvier, 2010).

Bacaër (2011) summarizes the processes of the early developments and the contributions

of the pioneers as:

The first life table had been published in London in 1662 in a book entitled Natural and

Political Observations Made upon the Bills of Mortality. This book is considered as the

founding text of statistics and demography and has strange particularities: people still

wonder if it was written by John Graunt, a London merchant and author indicated on the

book cover, or by his friend William Petty, one of the founders of the Royal Society. In any

case the life table contained in the book tried to take advantage of the bulletins that had

been regularly reporting the burials and baptisms in London since the beginning of the

seventeenth century. These bulletins were mainly used to inform people on the recurrent

epidemics of plague. This is the reason why they indicated the cause of death and not the

age at which people died. To obtain a life table giving the chance of survival as a function

of age, Graunt or Petty had to guess how different causes of death were related to age

groups. So their life table could be subject to large errors. The book was nevertheless very

successful, with five editions between 1662 and 1676. Several cities in Europe had started

to publish bulletins similar to that of London. Bacaer also notes Halley published the first

modern life table based on numerical data births and funerals at the city of Breslau.
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Table 2: Macer’s first published table of mortality

Source: (Impagliazzo, 2012) , p.4.
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Table 3: Ulpian’s table

Source: (Impagliazzo, 2012) , p.4.

1.3.2 Types of Life Tables

Life tables differ in several ways, including the reference year of the table, the age detail,

and the number of factors comprehended by the table (Rau, 2013).

Based on their reference years, life tables are categorized into two types as Cohort (Gen-

eration) life tables and Period (Current) life tables (Chander Shekhar, 2011).

1.3.3 Cohort (Generation) life tables

Cohort (Generation) life tables are constructed based on all the mortality experiences

observed from the very beginning to the end of a real population, that is, until all the

members of the population die (Shryock et al., 1980). These types of life tables are,

however, not practical as it takes long time for their construction and consequently would

be impossible to observe, study, and answer related questions of the population accordingly

(Carmichael et al., 2016; Caselli et al., 2005). They may be of some historical interest, but

are not useful in answering current life - expectancy questions (Chander Shekhar, 2011).

1.3.4 Period (Current) life tables

The period life tables assign to a hypothetical cohort the age-specific risks of dying observed

in a given period (Caselli et al., 2005). They are derived from the age-specific death rates

for one year, or an average of three or five years (Chander Shekhar, 2011). According

to Shryock et al. (1980), these life tables do not represent the mortality experience of an

actual cohort but they assume a hypothetical cohort that is subject to the age specific
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death rates observed in the particular period.

Referring to the length of the age interval used to present data for their construction, life

tables are also classified into complete and abridged; complete life tables are constructed

by single years of age while abridged life tables are constructed by age groups (Shryock

et al., 1980; Carmichael et al., 2016; Chander Shekhar, 2011). Here in this work, by life

table it would mean period abridged life table.

1.3.5 Components of a Life Table

The life table is a tool “depicting the lifetime mortality experience of a single cohort of

newborn babies, who are subject to the age-specific mortality rates on which the table is

based.” (Shryock et al., 1980). For simplicity of computations, the cohort of the new born

babies of a given life table is assumed to be 100,000 (Shryock et al., 1980; Carmichael et al.,

2016; Chander Shekhar, 2011).

The definition of each element or function of a period abridged table is summarized as

follows:
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Table 4: Column entries of a life table and their meanings

Source: Carmichael et al. (2016), p.134.

1.4 Statement of the Problem

It had been documented that roughly half the countries in the world did not have at least

a partial vital registration system that tracks age - specific mortality while approximately

39% of all countries had some information on at least child mortality from which a complete

set of age - specific mortality rates could be estimated using model life tables (Sharrow,

2013) ten years ago. Some countries in the developing world, particularly in Africa, do

not yet have civil registration and vital statistics systems that function well enough to

report accurately on either fertility or mortality (Clark, 2019). While it is intuitive that

improvements have to be due through time, Africa has still been stuck in a stalemate. In

the near time, it was found that the percentage of registered deaths ranged from 98% in

WHO European region to only 10% in African region (WHO, 2020a) and specifically, none

in Ethiopia (ECA, 2019).

Even the model life tables based on numerical data that have been created thus far, to

substitute the role of vital registration systems, have been seriously criticized for only us-

ing mortality data from the developed world and thus neglecting to include and failing to

accurately reflect the mortality experiences of Sub - Saharan Africa (Shryock et al., 1980;

Rau, 2013; Preston and Guillot, 2001; INDEPTHNetwork, 2002; Ouedraogo, 2020; UN,
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1983). Demographic Surveillance Systems (DSS) have been established with the goal of

examining the mortality experiences of the populations of Sub - Saharan Africa longitudi-

nal study sites (Caselli et al., 2005; INDEPTHNetwork, 2002).

There are at least 19 such research facilities in the area, and their data have been ex-

tremely helpful in determining age-specific mortality estimates as well as model life tables

that demonstrate how the age distribution of mortality in Africa differs from that of the

model life tables created by Coale and Demeny and also by the United Nations (INDEPTH-

Network, 2002; Sharrow, 2013).

Although the primary goal of the new model life table system created by the INDEPTH

Network was to address issues with other model life tables’ inclusivity of Sub - Saharan

Africa, it also failed because the data it used were either insufficiently or entirely unrepre-

sentative of the region. The life tables are based not on national populations but on sub

- populations (Bracher, 2006) and as a result, they are no longer as representative of the

populations for which they were designed. Data from DSS sites are frequently disregarded

because they were only drawn from small areas, which is assumed to render the mortality

measures that result neither accurate nor representative (INDEPTHNetwork, 2002). Both

the region of Sub - Saharan Africa and the countries in which they are located are not

adequately represented by the sites’ locations, which are neither deliberately chosen to do

so (Jamison et al., 2006).

The census, which counts the population by age and sex at a specific time point, the death

registration, which records deaths by sex and age in a specific period, and the sample

survey, which could gather data on both deaths and population but only covers a small

portion of the population in a country, are the sources of empirical data used in estimat-

ing life tables (Li, 2015; WHO, 2020b). Annual death registrations, however, are either

unavailable or unreliable for the majority of developing counties (Li et al., 2019).

While the most effective and efficient source of reliable vital statistics is a civil regis-

tration system that covers the whole population and that generates statistics on a con-

tinuing basis (WHO, 2013), African countries lack continuous, permanent and universal

sources of mortality data, and face considerable challenges in providing reliable and essen-

tial data for tracking health trends and establishing sound identity management systems

(Mr. Oliver Chinganya and Tesfaye., 2017).

Ethiopia, a country that does not have functioning civil registration and vital statistics
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system, CRVS, (ACS, 2009) and many of its records tend to be inconsistent, incomplete,

and poorly recorded, resulting in low quality statistics (Central Statistical Agency Ad-

dis Ababa, 2016) relies exclusively on population censuses and sample surveys to generate

basic vital statistics. Sample surveys can provide trustworthy indicators of mortality for

some age groups when death is not a rare event or when the age group is wide enough, de-

spite the fact that they frequently only collect data from a small portion of the population

and therefore cannot produce life tables (Li, 2015; Li et al., 2019). Despite the fact that a

model based on actual life tables would be acceptable, for most developing countries, actual

life tables have not been calculated, and only model life tables exist (Caselli et al., 2005).

Ethiopia is also one of those countries that do not produce life tables but use model life

tables instead (WHO, 2020b). Consequently, there are two sides to the mortality analysis

issue in Ethiopia. First, actual life tables cannot be produced due to the above mentioned

limitations; second, Ethiopia as a member of the developing world is not represented by

the model life tables that are in use today.

This study, therefore, aims to create a new system of model life tables for Ethiopia to

address these issues of mortality analysis.

1.5 Rationale of the study

The focus of this study has been on the challenges that Ethiopia faces in obtaining accurate

age specific mortality rates due to the absence of functional vital registration system and

due to the fact that existing model life tables are inadequate to reflect the actual mortality

experiences of its population.

Given these issues, the study intends to develop a system of Brass’ logit model life tables

for Ethiopia using a set of home based data and provide clear insights into age specific

mortality rates thereby enabling the explanation of mortality trends and the calculations

of life expectancies.

Subsequently, this study has been deemed necessary because it develops a mortality anal-

ysis tool that would contribute to closing the methodological and age specific mortality

data gaps and proves itself locally relevant.
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1.6 Review of the Literature

1.6.1 Model Life Tables

A trustworthy set of age - specific death rates gathered using direct statistical methods

is needed for the computation in order to attempt to describe the human mortality expe-

riences using life tables (Hu and Yu, 2014; Sharrow, 2013). However, the methods used

to collect these types of data have a significant impact on them, and it is rarely found

that they are accurate and reliable enough to serve the intended purpose (Sharrow, 2013;

Rau, 2013; UN, 1983). They are also limited (Preston and Guillot, 2001; Yusuf et al., 2014;

Caselli et al., 2005; Wachter, 2014). Demographic data are frequently inaccurate; they may

be incomplete, as when there is a significant lack of participation in a census or survey,

when vital events are not recorded, or when an administrative source only covers a portion

of the population (Carmichael et al., 2016; Chander Shekhar, 2011). These restrictions

serve as both the main argument for and the main flaw in attempts to create life tables

that reflect widespread experience (Coale et al., 2013). Coale and Demeny also stress that

the restrictions apply to the material’s geographic and historical coverage in addition to

its quality.

Observations show that despite numerous attempts to create life tables from empirical

data from one country in order to explain the mortality experiences of a different country

that is thought to be in a similar general state of mortality and survival conditions, the

efforts have not been successful. This may be due to the fact that mortality determinants

behave differently depending on the population and even the age strata within the same

population.

The analysis of mortality in developing populations, for which reliable mortality data were

frequently lacking, was a primary initial motivation for the development of model life ta-

bles (Carmichael et al., 2016). Model life tables summarize regularities in how mortality

varies by age in human populations and they allow the estimation of arrays of age - specific

mortality rates or probabilities on the basis of only one or two mortality indicators chosen

as entry parameters (Guillot et al., 2022).

In this case, it makes sense to look for an average mortality pattern that is largely devoid

of individual variations and roughly but generally reflects a particular level of general mor-
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tality (UN, 1955). It is for this purpose that model life tables are developed. The model

life tables’ goal is to replace unknown aspects of mortality in populations where there is a

dearth of reliable or adequate mortality data (Hannerz, 2001) because they are based on

at least two shared assumptions about human life tables: first, that there is a general path

of mortality evolution and that real populations’ life tables follow this path closely; and

second, that human populations’ life tables are remarkably similar (Vassin, 1994).

In order to estimate death rates when accurate and reliable data are lacking, are scarce, or

are flawed, model life tables—which describe typical age patterns of human mortality—are

created (Coale et al., 2013; Rau, 2013; Carmichael et al., 2016; Keyfitz et al., 2005; Hu

and Yu, 2014; Murray et al., 2000). Using the scant information currently available, these

models take advantage of the strong positive correlation between mortality levels at various

ages to predict mortality levels for all ages (Preston and Guillot, 2001; Hu and Yu, 2014).

As a result, the fundamental goal in the creation of any model life table is to construct

a system that gives schedules of mortality by sex and age, defined by a small number of

parameters that capture the level as well as the age pattern of mortality (Murray et al.,

2000).

Model life tables are exactly like real life tables, with the exception that they don’t pertain

to any specific location or time (Srinivasan, 2011).

1.6.2 Different Models of Age Patterns of Mortality

Preston and Guillot (2001) state that model age patterns come in one of three options:

Mathematical, empirical, and the combination of the two - relational.

A mortality law is a mathematical expression that describes mortality as a function of

age (Hannerz, 2001). Although the search for a “law of mortality” that describes the

characteristic age pattern of death observed within populations of sexually reproducing

organisms dates back to the pioneering work of the British actuary Benjamin Gomperz

(Carnes et al., 1996), DeMoivre first proposed an arithmetic progression law for the life

table’s survivorship function (Spain, 2018).

In 1825, Gompertz cited by (INDEPTHNetwork, 2004) criticized this law, arguing that

after a certain age, the survivorship function follows rather a geometric progression law and

suggested representing the force of mortality as an exponential function of age, µ(x) = αeβx,

which gives ln(µ(x)) = ln(α)+βx. This equation tells that the logarithm of the death rate
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is a linear function of age. Such a relationship, however, fails to model the overall mortality

because it merely is “underlying” mortality, that is, mortality that does not encompass

deaths from accidents and infectious diseases (Preston and Guillot, 2001; Sharrow, 2013;

Ghana et al., 2004a).

In 1860, Makeham Cited by (Preston and Guillot, 2001) and by (Sharrow, 2013) added a

constant to Gompertz’s model to include the other causes of mortality µ(x) = αeβx + γ.

This model also overpredicts mortality because the logarithm of the force of mortality is

also a linear function of age with this model, but at older ages death rates frequently rise

at a decreasing rate (Preston and Guillot, 2001).

It has been impossible to completely capture the age variations in mortality experiences of

the human population using only mathematical models, despite the development of numer-

ous other models that are similar but with some additional improvements and adjustments.

Due to the unavoidably high number of parameters required to describe the age pattern of

mortality, many mathematical models can only adequately describe a small portion of the

age range (Sharrow, 2013). Additionally, the previously mentioned mathematical models,

along with a great number of others, failed to accomplish their objectives because, despite

mortality being stochastic and continuously evolving, these models attempted to describe

it at a fixed point in time (Spain, 2018). In general, it is impracticable to capture all of

the potential shapes in a single law for all populations because the shape of mortality risk

across the age spectrum is determined by an epidemiological profile (Sharrow, 2013).

Shryock et al. (1980) point out that different approaches to model construction have been

used because it is challenging to find straightforward mathematical functions to represent

the entire life span. One of these is the development of empirically based models, in which

typical patterns are drawn from a set of tables from real - world data.

There are many different types of model life tables, but the most popular ones are listed

below:

1. The United Nations Model Life Tables

2. The Coale - Demeny Model Life Tables

3. The United Nations Model Life Tables for Developing Countries

4. The Lederman’s System of Life tables
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5. The Brass Logit System of Model Life Tables

The data underlying these model Life tables vary in the range of human experience they

encompass (Murray et al., 2000).

1.6.3 The United Nations Model Life Tables

Empirical life tables were proposed in the 1950s to address the lack of trustworthy data

sources for mortality estimation in the majority of developing countries (Ouedraogo, 2020).

Based on a collection of 158 tables for each sex, the Population Branch of the United Na-

tions published a series of model life tables in 1955 (Coale et al., 2013). This was a relatively

simple one-parameter system indexed on infant mortality levels (Murray et al., 2003). The

key assumption was that the level of mortality in any age group was closely correlated with

the level of mortality in an adjacent age group (Shryock et al., 1980).

In this model (UN, 1955), it was assumed that the likelihood of passing away within a

specific age range was a quadratic function of the likelihood of passing away within the

previous age range. By repeatedly regressing on the data corresponding to the 158 life

tables, the coefficients were calculated.

According to (UN, 1955; Coale et al., 2013; Rau, 2013; Preston, 2000; Sharrow, 2013; IN-

DEPTHNetwork, 2004), the coefficients were then used to generate the actual life table by

starting from a specified level of infant mortality; by continuously using the regressions,

all the probabilities of dying were calculated. Knowledge of only one mortality parameter

such as infant mortality enables to determine a complete life table and thus, this model is

said to be a single parameter system (Murray et al., 2000; INDEPTHNetwork, 2004).

Given the issue of considering this system of model life tables as the first brilliant attempt

to capture all the mortality experiences of the human race and model them accordingly, it

has gone far to do with being a base knowledge for explanations and for further develop-

ments of other models. Yet, some limitations have been observed of it.

Murray et al. (2000) states that there are three major criticisms of the original one-

parameter UN model life tables. First, the fact that they are one-parameter systems makes

them relatively inflexible. Such a single parameter model cannot adequately describe the

complex mortality patterns available. In some cases, they have failed to describe adequately

life tables that were known to be accurate. Second, because the estimate of mortality in

each age group is ultimately linked to the infant mortality rate through the chaining pro-
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cess, measurement errors are easily accentuated. The third criticism concerns the poverty

of developing country life tables in the original design of the model. Additionally, some

of the empirical tables included were of dubious quality. Preston and Guillot (2001) also

explain that the life tables used to construct the models were not subjected to thorough

data quality check.

1.6.4 The Coale - Demeny Model Life Tables

Coale et al. (2013) produced a system of model life tables based on 192 empirical life

tables. By creating various sets of models that took into account regional variations in

the relationship between the level and the age pattern of mortality, they improved upon

the United Nations system by using a larger, better-screened empirical basis (Preston and

Guillot, 2001).

After 326 life tables were collected for each sex based on age specific death rates over dif-

ferent geographical locations and periods of time in the process of construction, the values

of the probabilities of dying at each age were ordered from highest to lowest at each age;

by putting together mortality rates that had got the same rank, preliminary model tables

were formed and consequently deviations of individual life tables from the preliminary ta-

bles were examined (Preston and Guillot, 2001; Coale et al., 2013). Of the original 326,

those that exhibited large deviations from the norm were dropped; only life tables derived

from registration data and from the complete enumeration of the populations to which

they refer were included (Rau, 2013).

Coale et al. (2013) emphasize that because the pattern of deviations is often similar among

life tables expressing the mortality of the same population at different times, and because

several groups of geographically linked populations exhibited similar patterns of deviations,

they were led to the construction of four separate families of model tables namely North,

South, East, and West according to the geographical location of many of the countries that

constituted each family.

According to Coale et al. (2013); Rau (2013); Preston and Guillot (2001); INDEPTHNet-

work (2004), the four families are characterized as follows: The North family model which

exhibits low infant mortality, relatively high child mortality, and low mortality after age

fifty was derived from a total of nine tables: four were from Sweden during 1851 - 1890,

four from Norway during 1856 - 1880, and one from Iceland during 1941 - 1950. The South
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family model is characterized by high under age five mortality, low adult mortality of ages

40 - 60, and high old age mortality of over 65. It was based on five tables for Italy during

1876 - 1910, eight tables for Portugal during 1919 - 1958, one table for Sicily in 1951, three

tables for South Italy during 1921 - 1957, and five tables for Spain during 1900 - 1940,

which sum up to twenty two tables. The East family model with characteristics of high

infant mortality and very high mortality at ages beyond fifty was developed from a total

of thirty one tables from Germany, Austria, Poland, Czechoslovakia, and from North and

Central Italy. The West family model was developed from one hundred thirty life tables

and is considered to represent the most general pattern of mortality because it was derived

from the largest number and the broadest variety of cases.

This model, like all model life table systems, cannot fit mortality conditions that lie outside

the scope of the original data, which includes low child mortality and high adult mortality

(Sharrow, 2013). Preston and Guillot (2001) also explain that the result is sensitive to

the choice of a regional model. The Coale and Demeny tables are not entirely suitable

for demographic research in developing countries because recent evidence suggests that

age patterns of mortality in many developing countries differ systematically from those of

historical European experience (UN, 1982). Additionally, the system’s flexibility is limited

by the discrete nature of one of its parameters - the family - especially when compared to

other systems where both parameters are continuous (Murray et al., 2000).

1.6.5 The United Nations Model Life Table Systems for Developing Countries

Similar to Coale and Demeny, the United Nations released an updated set of model life

tables in 1981 in an effort to build regional models using data from developing nations

deemed suitable for inclusion in the empirical dataset (Murray et al., 2003). Coale and

Demeny’s model life tables, which are currently the most widely used, were almost entirely

based on European populations; recent evidence that age patterns of death may differ

systematically from those of Coale and Demeny’s four groups suggests the need for a new

set of model life tables that will be more applicable to demographic analysis in developing

countries (UN, 1982).

Five mortality patterns named Latin American, Chilean, South Asian, far Eastern, and

General emerged when the analysis was carried out on 286 original tables that finally came

into only 72. The average of all the other families resulted into the General model.
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This model shares the limitations of the former United Nations model life tables. Their

main criticism is that the strict selection criteria reduced the underlying set of empirical

life tables from 286 retaining only 72; and this relatively small number of the tables limits

the applicability of the models to other populations (Murray et al., 2003). While Murray

et al. (2000) pass judgment on these models that they are outdated, Preston and Guillot

(2001) also adds that many of the tables were of poor quality.

1.6.6 The Lederman System of Model Life Tables

This system is based on a factor analysis of some 157 empirical tables (Murray et al., 2000;

Rau, 2013). When analysis was done to determine and to explain variations in mortality

among the life tables, five factors were found out. They were general mortality level, child-

adult mortality ratio, old age mortality, under-five mortality, and male-female mortality

differences in the ages of 5-70 years.

As to Murray et al. (2000), the main criticism of this model is its complexity that impedes

its use in the developing countries; again, as the independent variables that were used

to derive the model refer to parameters obtained from data on both sexes combined,

male-female mortality ratio is to be accepted as is embodied in the model no matter how

the differences behave. These models are still not free from the limitations of the other

empirical based model life tables in their representations. A limitation to these models is

that they are almost exclusively empirically based on the experiences of developed countries

(Preston and Guillot, 2001).

1.6.7 The Brass’ Logit Model Life Table System

The very common limitation of all the empirically based model life tables is that they fail

to represent all the possible human mortality experiences because they depend upon the

nature of the data that each of them were generated from (UN, 1983; Murray et al., 2000).

Due to this restrictive nature of the data involved in the construction of model life tables,

the mortality pattern of some countries may not fit very well into them (Shryock et al.,

1980). To solve this problem, Brass in 1971 (Brass, 1971; Dodd et al., 2018; Murray et al.,

2000) proposed a two - parameter logit system to construct model life tables. This is a

relational model that combines features of both the tabular approach of model life tables

and the mathematical approach (Preston and Guillot, 2001). In this regard, the Brass logit

system offers considerable advantages by being essentially independent of historical data;
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such flexibility could be harnessed in extending its application to situations of extreme

data poverty, specifically in Africa and in parts of South East Asia (Murray et al., 2000).

It is an expression that relates mortality in one population to that in others (Hannerz,

2001).

This relational model is built on the basis that two different age patterns of mortality

can be related by linear transformations of the logits of their respective survivorship prob-

abilities (Murray et al., 2000). This is because the survivorship probability indicator is

a decremental index over age so that the age-specific values cannot vary independently

(Bergeron-Boucher et al., 2019).

Given any two series of survivorship probability values lx and lsx, where lsx stands for the

survivorship value of the standard life table, constants α and β can be determined from

the equation

logit(lx) = α + βlogit(lsx) ............................................ (1)

, where the first parameter α is a measure of the variations of mortality levels of the

standard and the observed populations; and the second parameter β is the measure of

mortality ratio of children to adults. Because logit(lx) =
1

2
ln

(
1 − lx
lx

)
, the above equation

can be written as

1

2
ln

(
1 − lx
lx

)
= α +

1

2
βln

(
1 − lsx
lsx

)
............................. (2).

Again, if Yx and Y s
x represent logit(lx) and logit(lsx) respectively, then

Yx = α + βY s
x ............................................................. (3).

If a single life table that is said to be standard and that satisfies equation (2) above exists,

one can generate as many number of life tables as one wishes by varying the ordered pair

values of α and β (Murray et al., 2003). Once a standard life table is selected and values

for the parameters, α and β are calculated, a set of life tables can be generated (Rau, 2013)

by obtaining another lx series for any series of lsx values defining the standard life table
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(Moultrie et al., 2013).

1.7 Methods of constructing the Brass’ Relational Model Life

Tables

Rau (2013) adds that the main procedures for creating model life tables based on a standard

life table are as follows:

1. Calculate logit(lsx) =
1

2
ln

(
1 − lsx
lsx

)
from the standard life table ................... (4)

2. Calculate

logit(lx) =
1

2
ln

(
1 − lx
lx

)
from the life table for the study population ......... (5)

3. Determine the values of α and β in equation (3) by inserting values of Y s
x and Yx

from the standard table and from the various life tables in the set.

4. Compute values of Yx with the estimated values of α and β in the model equation

by inserting values of lsx .

5. Transform the computed values of Yx into lx values using the following equation:

lx =
1

1 + exp

(
2

(
α + β

(
1

2
ln

(
1 − lsx
lsx

)))) .................................. (6)

According to (Preston and Guillot, 2001), the appropriateness of the standard chosen for

the population in question and the appropriateness of the rule that specifies how mortality

in the standard is related to mortality in other populations belonging to the same “family”

are the two separate features of relational models that determine their success.

1.7.1 Advantages of Brass’ relational model over the other model life tables

The approach of this model makes it possible to avoid generating life tables directly from an

empirical age pattern of mortality; In addition, if accurate information on child mortality

is available, it allows for better adjustment of the overall mortality level compared to the

standard (Ouedraogo, 2020). It also gives a greater degree of flexibility in that it enables

to relate two different life tables as far as they share the same “family”. Model Life Tables
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derived by Brass’ method are also expected to be of better fit than national life tables

because they are based on averages (Vassin, 1994).

1.7.2 Choosing the standard Model Life Table

Since this model is used to generate life tables from a reference table known as the standard,

something needs to be said about how the standard is chosen. By a standard life table,

we mean a table that contains mortality experiences of populations that resemble those

whom the new life tables are to be developed for, in their overall social status. There has,

however, been no systematic way of choosing a “special” standard up till now (Zaba, 1979;

Murray et al., 2000). Therefore, one can potentially choose as a standard any life table

that seems appropriate (Moultrie et al., 2013; Rau, 2013).

1.7.3 Effects of varying the parameters α and β

These parameters of the Brass’ relational model life table α and β respectively measure the

level and the shape of the produced model life table (Zaba, 1979; ZABA and PAES, 1995;

Brass, 1971). If β is to be kept constant and α is made to vary, then the life tables to be

produced would essentially be the same in shapes as the life table used to generate them

but whose overall levels would change (UN, 1983). Moreover, the survival curves form a

set of non-overlapping curves (Shryock et al., 1980). Nonetheless, if α is kept constant and

β is made to vary, the resulting life tables do not show the same shape as the original one

(Zaba, 1979; Preston, 2000); and also the survival curves form a set of intersecting curves

(Rau, 2013).
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Figure 1: Effects of varying the parameters α and β in Brass’ Logit Model, Preston, p271.

The parameter α allows one to vary the ’level’ of the standard, β allows variation of the

’slope’ of the standard -i.e., it controls the relationship between child and adult mortality

(Zaba, 1979).

A higher value of α implies higher mortality, i.e., a lower probability of surviving to any

age x as well as a lower probability of surviving between any two ages x and y (Preston

and Guillot, 2001).

Positive α means the level of mortality is higher than the standard (Carmichael et al., 2016;

IUSSP, 2020); negative α is the reverse (Wachter, 2014). Changes in β have a different

impact at different ages: a higher β increases the slope of the survivorship function, i.e.,

accelerates the decline with age (Preston and Guillot, 2001).

It is remembered that Brass’ formula of relating two life tables where one of them is a

standard is given by logit (lx) = α + βlogit (lsx), and thus the model serves as a standard

if (α, β) = (0, 1) (Brass, 1971). Brass (1974) has proven if Y s
x is calculated as an overall

average of life tables, such that the central value of β is 1, it is found that the central value

remains 1 at different levels of mortality as α varies.
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Figure 2: Effects of varying the parameters α and β in Brass’ Logit Model, Basia Zaba,
p81.

1.7.4 Criticisms of Brass’ logit Model Life Table System

Despite all of the benefits that Brass’ logit model has over the other model life tables,

it is not without flaws. The relationship between two logit survivorship functions is not

always linear in this model, and deviations from linearity appear to be especially large

when the observed mortality of a population deviates significantly from the standard.

Therefore, the logit model does not adequately represent the complexity of variations in

levels and age patterns of mortality (Murray et al., 2000). This observation, then, led

others to modify the model by incorporating additional parameters that allow for bends

in the survivorship function (Zaba, 1979; Ewbank et al., 1983). Zaba Adds fits from the

Brass Logit System generally compare well to fits from other sources, such as the Coale

- Demeny regional model life tables. However, there are sometimes noticeable differences

between the observed and the fitted values at the extremes of the age distribution, such as

ages under 5 and over 70.

To correct these discrepancies, (Zaba, 1979) added two more parameters ψ and χ such that
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logit[l (x)] = α + βlogit[ls (x) + ψk (x)] + χt (x)] where ls(x) are the survivorship values

for age x of the general standard, and k(x) and t(x) are schedules of deviations from this

general standard altering mortality patterns in infancy and in old age. The shapes of the

functions k(x) and t(x) of Zaba’s modified model introduce variety into the shape of the

standard curve at the youngest and at the oldest ages (Ewbank et al., 1983).

Figure 3: The effects of the third and the fourth parameters on the standard, Baisa Zaba,
p86.

Nevertheless, this and the other four parameter modifications are of limited practical use

because the additional parameters are difficult to estimate empirically and they complicate

the application of the models (IUSSP, 2020; Murray et al., 2003). Furthermore, elaborate

models requiring many constants to be determined are useless (Brass, 1971).
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1.8 The Modified Brass’ logit Model Life Table System

Since the generation of Brass’ relational model life table system, modifications (Zaba,

1979; Ewbank et al., 1983) have been attempted to correct the problem of its linearity in

connecting survivorship functions. However, of all the modifications, the one developed

by (Murray et al., 2003) is found to be relatively simple extension of the Brass’ logit

system and is adopted by the United Nations (Hu and Yu, 2014; IUSSP, 2020). They

state that deviations from linearity in the original Brass’ model are linked to the relative

difference between the mortality rate of the standard and the mortality rate of the actual

life table being estimated; based on this observation, they proposed the following modified

alternative logit transformation based on a single global standard life table by incorporating

two additional age – specific correction factors γx and θx based on mortality levels among

children and adults relative to the standard,

Γ(lx) = logit(lx) + γx[1 −
(
logit(l5)

logit(ls5)

)
] + θx[1 − logit(l60)

logit(ls60)
]

where lsx, γx and θx are standard functions that are age and sex specific but invariant across

populations (Murray et al., 2003).

This study used the original version of Brass’ logit method rather than the modified one

because data on IMRs and U5MRs were easily accessible and flactuations at very old ages

were not a top priority.

1.9 Comparison of the original and the modified Brass’logit mod-

els

Numerous authors have noted that the original Brass’ logit model life table system ex-

hibits disparities in capturing the overall mortality trend of populations because the logit

transformation’s linearity is not due specifically at the extreme ends of the age distribution

schedule (Ewbank et al., 1983; Zaba, 1979; UN, 1962; John Hobcraft and Preston, 1982;

Preston and Guillot, 2001; Murray et al., 2003). Even though these authors had attempted

to address the issues by adding new parameters and functions to the original Brass’ logit

model, only the one created by (Murray et al., 2003) was found to be promising.
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Tests of predictive validity reveal that this new modified system predicts age - specific mor-

tality rates that are 15 to 40% lower than those indicated by the original Brass’ method

(Murray et al., 2003).

Figure 4: Deviations between observed and predicted logits by age, selected countries,
Murray et al., p173.

1.10 Dissertation theoretical and conceptual Perspectives

Beyond their use in demographic accounting, mortality data are significant markers of so-

cioeconomic and health advancement; they also assist in determining a nation’s current

demographic state and its immediate demographic future (UN, 1982). Mortality was the

main obstacle facing the medical professions, and the main goal of social legislation and

public health professionals, among many other organizations and institutions, was to pre-

vent early death (Chiang et al., 1978).

Based on death statistics, there exist a multitude of measures of mortality that differ
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in terms of the aspect of mortality they describe, the level of elaboration or refinement,

whether they are specific or summary measures, and whether they are measures of mortal-

ity in and of themselves or just measures related to mortality (Shryock et al., 1980). The

crude death rate is the most basic metric, but its usefulness is limited because it lumps

all deaths together, even though not every person has the same risk of dying (Pol and

Thomas, 2001) and therefore, this measure is generally a poor indicator of mortality as it

does not take age structure into account (Srinivasan, 2011).

Rather than just looking at the overall number of deaths and the crude death rate, we

also need to take into account the range of age-specific numbers and rates for analytical

purposes (Rau, 2013). This is due to the fact that age-specific death rates are more accu-

rate indicators of mortality since death varies with age so greatly (Poston Jr and Bouvier,

2010).

Mortality modeling was first limited to attempts to forecast the risk of dying by age using a

mathematical function, and it was primarily utilized in the actuarial sciences (INDEPTH-

Network, 2002; Ghana et al., 2004b). The mortality curve’s shape indicates that a variety

of parameters would be needed to represent the risks of death at all ages (Preston and

Guillot, 2001). The history of mathematical models is further complicated by the signifi-

cant complexity with which analysts tried to develop a single law of mortality to capture

the entirety of human mortality experiences (Sharrow, 2013).

People such as Girolamo Cardano in 1570 as in (Impagliazzo, 2012); john Graunt in 1662,

Edmond Halley in 1693, Deparcieux in 1746, Gompertz in 1865, Makeham in 1860, Perks in

1932 in (Preston and Guillot, 2001); Siler in 1979, Heligman and Pollard in 1980 in (Shar-

row, 2013) a few among many others were the pioneers who exerted great effort to develop

mathematical models that could explain the overall mortality experiences of populations.

However, because different causes of death cause variations in the age pattern of mortality

in different populations, it is challenging to develop and identify a valid law of mortality

that is applicable to different populations (Preston and Guillot, 2001; INDEPTHNetwork,

2002).

This challenge has led to a shift in mortality modeling toward empirical models known as

Model Life Tables (INDEPTHNetwork, 2002; Shryock et al., 1980; Preston and Guillot,

2001).

Model life tables are inevitably meant to be used, primarily in circumstances in which
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trustworthy direct information is unavailable (Coale et al., 2013; Carmichael et al., 2016),

where little is known (Murray et al., 2000, 2003; Brass, 1971), or when the data are de-

fective (Moultrie et al., 2013). All of these models were regrettably built using data from

the developed world, where mortality data is relatively proper and complete. As a result,

they are unable to accurately represent the experiences of human mortality in many de-

veloping nations, even though their goal was to capture the overall mortality experiences

of populations with incomplete, defective, and unreliable mortality data.

William Brass developed a slightly different type of system in 1971 to address this issue.

In this system, an empirically expressed relationship between mortality and age is trans-

formed into other relations that can function as a set of model life tables by means of an

explicit mathematical function (Brass, 1974).

Others altered Brass’ model by adding extra parameters that allow for bends in the sur-

vivorship function in response to concerns about the linearity of the relationship between

two logit survivorship functions (Zaba, 1979; Ewbank et al., 1983).

Thus, a system of model life tables for Ethiopia has been generated here using the original

version of Brass’ logit system.
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Conflicting perspectives of mortality

Figure 5: Theoretical perspectives related to the Study
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Figure 6: Conceptual schematic flow of the Study

Figure 7: Theoretical schematic flow of the Model
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2 Objectives

2.1 General Objective

This study aimed to improve mortality analysis by developing a Brass’ logit system of

model life tables for Ethiopia.

2.2 Specific Objectives

1. To estimate Brass’ model based abridged life tables for Ethiopia and its regional

states

2. To comparatively analyse mortality trends and life expectancies in Ethiopia on the

basis of insights from the model based abridged life tables over 1990 - 2019

3. To decompose the change in life expectancies of Ethiopia and its regional states age

- wise: 1990 - 2019

4. To measure the decomposed change in life expectancies of Ethiopia and its regional

states age - wise: 1990 - 2019

3 Methods and Materials

3.1 Data

Official statistics must be produced in a way that is objective, transparent, and profession-

ally independent in order to attract and keep the public’s interest (CEPAL, 2022). The

United Nations safeguarded these and other additional principles in 1994 and 2014 when

it adopted a list of ten Fundamental Principles of Official Statistics at its general assembly

(Pierson, 2015). These fundamental principles of official statistics are still as relevant today

as they were in the past and they have become an integral part and a common reference

in the statistical systems at global and national level (Rozkrut et al., 2021).

Population data is collected and disseminated by agencies or organizations like the World
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Health Organization (WHO), the UN, and nation - specific statistical agencies. The Center

for International Earth Science Information Network (CIESIN) also has interesting data

applications, such as a census by satellite (Newbold, 2021).

Therefore, abridged life tables’ survival functions lx of Ethiopia were extracted from the

United Nations World Population Prospects 2022 web source (United Nations and So-

cial Affairs, 2022) for this study. That source was deemed appropriate because it offered

empirical life tables covering Ethiopia’s wide range mortality experiences from 1950 - 1954

through 2095 - 01. Those tables supplied survivorship functions that were in turn used to

derive model mortality standards by sex for the model based abridged life table system

that was produced. The main inputs to the system, Infant Mortality Rates (IMRs) and

Under Five Mortality Rates (U5MRs), were also collected from the Global Burden of Dis-

ease Study (GBD) for 1990 and 2019 from (Tessema et al., 2023). Those input data were

also selected due to the reason that they contained IMRs and U5MRs of Ethiopia and its

regional states from 1990 to 2019.

3.2 Study Design

Research design refers to the overall structure or plan of the research (Bowling, 2014).

It sets out the specific details of your enquiry (Ranjit, 2011). Ranjit also adds that the

quantitative designs are more suitable if the researcher’s goal is to quantify the extent of

variation in values, such as to determine how many people have a particular value, belief,

etc. In order to explain phenomena, quantitative research gathers numerical, detailed data

that is constant and is then analyzed using mathematical techniques, particularly statis-

tics that answer the questions ”who, what, when, where, how much, how many, and how”

(Mohajan et al., 2020). Mohajan again stresses that Creating and applying mathematical

models, theories, and propositions about phenomena is the aim of quantitative research.

Usually, it studies the relationships between these variables and conceptualizes the world

in terms of quantifiable variables (Punch, 2000).

There are numerous definitions of a research paradigm in the literature. A paradigm is a set

of beliefs that molds a person’s perspective on the world (Robbins, 2008); a paradigm is a

philosophical way of thinking (Kivunja and Kuyini, 2017); a paradigm is a way of organiz-

ing information so that fundamental, abstract relationships can be clearly understood (Gall
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et al., 1996); A paradigm is an approach to studying or observing phenomena, a worldview,

an understanding of what constitutes legitimate scientific knowledge or methodology, or

simply an accepted model or pattern (Cohen et al., 2017); to sum up, a paradigm is a basic

set of beliefs that guide action (Creswell and Creswell, 2017). Each branch of scientific en-

quiry is, therefore, based on a set of these theoretical perspectives, or paradigms (Bowling,

2014).

The systematic, scientific, or positivist approach is the name of the paradigm that has

its roots in the physical sciences (Ranjit, 2011). Objectivism and reality are positivists’

ontological and epistemological stances, respectively; and its methodology is experimental

(Rehman and Alharthi, 2016).

Rehman and Alharthi assert once more that post-positivism, the positivist paradigm’s

derivative, emerged as a result of criticism of the positivist paradigm. Post positivists

contend that reality is fallible and that truth is probable rather than absolute; they also

permit observations to be made without conducting experiments or developing testable

hypotheses (Kivunja and Kuyini, 2017).

Non - experimental methods are more appropriate for the study of naturally occurring

phenomena, such as reactions to parental discipline, gender - specific behavior, thorough

examination of attitudes and prejudice, regular health behavior, and so on (Coolican,

2018).

Data that the researcher has not created especially for the purpose but has instead gath-

ered them from trustworthy public or private sources are said to be existing data (Mohajan

et al., 2020).

As a result, this study was conducted using Quantitative approach because it used numer-

ical data and statistical analysis and retrospective longitudinal design - not in the sense

that it followed and tracked the same subjects over time - but in the sense changes were

analyzed in mortality patterns across different years allowing for the creation of multiple

life tables that reflect trends over time.

Moreover, Brass’ logit system of model life table development emphasizes on context ac-

commodation, pragmatic utility, and admitting model limitations. Besides, though mainly

rooted in quantitative methods, it still opens a space not to rigidly follow objectivity and

to prioritize practical visions over universal laws. For this reason, it is the post positivist

world view that leads this study.
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3.3 Source Population

The source population for this study was the entire Ethiopian population, using data from

the United Nations World Population Prospects 2022 online web source and from the

Global Burden of Disease Study (GBD): 1990 - 2019.

3.4 Data Collection

Secondary data are those that are already available or those that have already been col-

lected, analyzed, and documented (Kothari, 2004; Walliman, 2021). Technical publications

like manuals, handbooks, data sheets, and standards, books and journals, official publica-

tions from the federal government, state and local governments, private data services, and

computer databases are some places where they can be gathered (Pandey and Pandey,

2021).

Quantitative research involves gathering data, which is usually numerical, and the re-

searcher’s goal is to analyze the data using mathematical models (Walliman, 2021; Moha-

jan et al., 2020).

Consequently, secondary data from the United Nations World Population Prospects 2022

database and the the Global Burden of Disease Study (GBD): 1990 - 2019 were used in

this study.

3.4.1 Staement of Data Clarification

1. Empirical life tables for Ethiopia were collected from UN - WPP 2022, which age

- specific survivorship probabilities ( lx ) were extracted from. Those lx functions

were averaged over 30 years (1990 – 2019) to derive Ethiopia - specific standard

survivorship functions, lsx.

2. Infant Mortality Rates (IMRs) and Under - Five Mortality Rates (U5MRs) were

collected from the Global Burden of Disease Study (GBD) 2019, which served as

input data for the Brass’ logit system of model life tables.

3. After each lx value was extracted from each annual life table, they were averaged over

the study period to produce an average survivorship value at each age, smoothing
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out yearc - to - year variability due to epidemics, data quality issues, or other short

- term effects clearing all noises.

4. The resulting set of averaged lx values forms a standard survivorship function. This

standard represents the typical mortality pattern for the population over the 30 -

year period and serves as a reference or benchmark for the Brass’ logit modeling.

Eventually, The Brass’ logit transformation (logit (lx) = α + βlogit (lsx)) was ap-

plied to relate the observed population’s survivorship functions (lx) to the Ethiopia

- specific standard functions (lsx) enabling estimation of tailored model life tables.

3.5 Operational definitions and measurements

Operational definitions are terms that are used by the researcher solely for the purpose of

the study and are utilized in the research problem or in the study population in a measur-

able form (Ranjit, 2011). They are crucial to research because they make abstract ideas

more measurable (Marczyk et al., 2010). Researchers must operationally define all vari-

ables - those measured, the dependent variables, and those manipulated, the independent

variables (Jackson, 2009).

Hence, the following standard definitions apply to concepts that will be heavily utilized in

this study:

Mortality – the rate at which deaths occur within a population

Model Life Table – A series of reference life tables that can be used to estimate mortality

when only a few indicators are known

Brass’ logit method – a relational method developed by William Brass that combines em-

pirical and mathematical models based on the assumption that two distinct age patterns

of mortality can be related to each other by a linear relationship between the logits of their

respective survivorship probabilities

Modified Brass’ logit method – a method that adds some parameters to the Brass’ logit

method Relational method – a model age pattern of mortality that combines features of

both the tabular approach of model life tables and the mathematical approach

Infant Mortality Rate, IMR, – the number of infants dying under one year of age in a year

in a given geographical area per thousand live births in the same year and geographical

area
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Under Five Mortality Rate, U5MR – the probability of death before completing five years

of age

Mortality differentials – Variations in mortality based on age group, sex, and other socio-

economic measurements etc.

Life expectancy at birth (LEB) – The average number of years that members of a hypo-

thetical cohort are expected to live if they have the same risks of dying throughout their

lives as those indicated by the age specific death rates in the year of their birth

Decomposition – A process of breaking down a difference between two summary measures

into components attributable to differences in population composition, and to differences

in measures specific for compositional categories

Abridged life table – A life table constructed by using broader age groups

Survivorship function, lx - the probability of surviving at least to age x

Standardization – with standardization we endeavor to eliminate from a comparison the

influence of one or more compositional variables, so that the comparison becomes, as far

as is practicable, uncontaminated by compositional differences

3.6 Data processing and management

In technical terms, data processing is the process of modifying, coding, classifying, and

tabulating gathered data to make them suitable for analysis (Kothari, 2004).

In order to fit the logit method of generating a model life table system, data containing

survival functions were collected from the United Nations World Population Prospects and

they were further converted into standard survival functions that represented the entire

population on average. Standardization of the survivorship functions will also be carried

out in order to reduce the effects of differences resulting from age distributions in the

populations under study.
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3.7 Data Analysis

3.7.1 Assumptions of Brass’ Logit Model Life Table System

1. Linearity: The two parameters of the model are used to treat the linearity that may

be affected by mortality shocks.

2. Freedom of resembling standard model life table selection

3. The parameters alpha and Beta are independent of age groups.

3.7.2 Generation of a System of Brass’ relational model life tables for Ethiopia

The standard survival function value lsx was derived from the values of each of the sur-

vival functions, lx of the UN generated empirical life tables for Ethiopia extracted from

the United Nations World Population Prospects 2022 online source by averaging. The

averaged survivorship rates were then used to construct the standard survivor function,

which represented the overall mortality experience of the entire population. The popula-

tions were grouped into three patterns sex - wise: male, female, and both sexes combined.

Correction factors γx had been calculated for each group and they were applied to the

observed mortality rates to obtain adjusted mortality rates that would better reflect the

true mortality experience of the population. Then, a model life table system based on the

original version of Brass’ logit relational method was built for Ethiopia.

3.7.3 Standardization and calculation of correction factors

The standard survival function values, lsx were derived from the values of each of the

survival functions, lx of the UN generated empirical life tables for Ethiopia by averaging.

Correction factors are required to narrow the gap that may be exhibited between each lx

value of the abridged life tables and lsx - that of the standard. Because general trends in

mortality also show sex differentials favoring one sex over the other (Caselli et al., 2005;

INDEPTHNetwork, 2002; UN, 1955), this study examined whether or not the general

pattern continues using the three aforementioned sex based patterns. A compelling use of

the relational logit model by Brass as per (Wachter, 2014) is to take the present - day life

table of a country as the standard and tabulate Yx values from that one.

37



3.7.4 Steps in deriving the survival function lx from IMRs and U5MRs

1. Since qx functions were readily available for IMRs and U5MRs from the GBD 2019,

they were used to derive lx functions using the life table function relationships lx+qx =

1. Then, l1 and l5 were computed as l1 = 1 −1 q0 , and l5 = 1 −5 q0 , where lx is the

probability that a person of age x survives to age x+ 1 and qx is the probability that

a person of age x dies before reaching age x+ 1.

2. Deciding the - Both Sexes Combined - pattern as the standard mortality table, and

choosing ls1 and ls5, α and β were computed using the following formulae:

β =
logit(l5) − logit(l1)

logit(ls5) − logit(ls1)

=

ln

[
(1 − l5)l1
l5(1 − ls5)

]
ln

[
(1 − ls5)l

s
1

ls5(1 − ls1)

]

From lx = α+βlsx, we have α = lx−βlxs. Thus, α =
1

2
ln

(
1 − l5
l5

)
− 1

2
βln

(
1 − ls5
ls5

)
.

3. The survival function lx was generated using the pair (α, β) calculated above, lsx, and

γx as :

lx =
1

γx

1 + e
2α+βln

1 − lsx
lsx


4. Logit values of the above estimated function lx and also that of the standard lsx were

obtained as

logit(lx) =
1

2
ln

(
1 − lx
lx

)

logit(lsx) =
1

2
ln

(
1 − lsx
lsx

)
5. The new values of the pair (α, β), namely (α′, β′) were calculated using the following

linear regression equation:

logit(lx) = α′ + β′logit(lsx)
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6. After that the final and adjusted value of lx was computed using the new pair (α′, β′)

and lsx as

lx =
1

1 + e
2α′+β′ln

1 − lsx
lsx


7. Finally, following the appropriate procedures and extending the final estimated lx

column obtained in step 6) above to age 100, full set of life tables with all the usual

columns was obtained. The final adjusted survivorship function computed above was

used as an input in the UN’s MORTPAK LITE software to generate the final model.

Moreover, when any one of the life table functions lx, nqx, or nmx to be computed

by the researcher are known, LIFTB program of MORTPAK LITE can be used to

produce the abridged life tables.

3.7.5 Estimation of model based abridged life tables for Ethiopia and its re-

gional states from the information on IMRs and U5MRs

Carey (1993) points out that there are two drawbacks to the full life table that can be

overcome by creating an abridged version. First, it is impossible to track a cohort’s daily

mortality over the course of their lives; second, it is challenging to fully understand a table

with 50 – 100 age groups and 5 – 7 life table functions (columns), many of which are

unimportant details. (P.19). Abridged life tables are typically calculated for males and for

females separately, as with other life tables; however, they can also be calculated for both

sexes together (Yusuf et al., 2014).

Of all the functions of a life table, nqx is pivotal from which all other life table functions are

generally derived (Chander Shekhar, 2011). Therefore, taking lx from the model life table

to be constructed, and using nqx = 1− lx, the whole abridged life tables can be generated.

Alternatively, MORTPAK LITE can also be used to generate them.

3.7.6 Comparative analysis of mortality trends and life expectancies of Ethiopia

and its regional states using the model based abridged life tables

Full abridged life tables for Ethiopia and for its regional states were produced. A table

(Table 17) containing life expectancy at birth of the period 1990 to 2019 for Ethiopia and
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all its regional states was also developed to complement the whole analysis. The findings

suggest that there had been substantial progress in reducing mortality in Ethiopia over

the past thirty years. They also revealed significant variations in mortality experiences

across the regional states and between the sexes. This model produced abridged life tables

for Ethiopia and for each of the regional states with estimates of life expectancy at birth

ranging from 64.185 years in Benshangul - Gumuz to 69.483 years in Addis Ababa with a

variation of 5.298 years, while the national average was 66.236 years.

3.7.7 Decomposing and measuring the change in life expectancies of Ethiopia

and its regional states age - wise: 1990 - 2019

Demography’s most fundamental technique is to break down population change into its

constituent parts (Shryock et al., 1980) and look into each one separately. Decomposi-

tion analysis is a technique that finds the cumulative contributions of the effects of two

populations’ different compositional or rate factors to the differences in their overall rates

(GUPTA, 1994).

Life expectancy at birth summarizes in a single number the mortality conditions of a given

population, and it does so in a way that is independent of the age structure of the under-

lying population (Gisbert, 2020; Auger et al., 2014). It has been utilized as a quantitative

measure of mortality and longevity within and across societies (Jembere et al., 2018).

When analyzing changes in life expectancy at birth or studying differences in life ex-

pectancy between two populations, it is sometimes useful to estimate what mortality dif-

ferences in a specific age group contribute to the total difference in life expectancy (Preston

and Guillot, 2001) because an increase or a decrease in life expectancy at birth might be

due to the changes that take place in the mortality conditions of different age groups over a

period of time (Ponnapalli, 2005). Marked differences in life expectancy are also observed

between sub - populations within the same country (Na’amnih et al., 2010).

Methods of decomposition in demography can provide important insight into the causes

of the differences in aggregate measures (such as LE) between well - defined population

groups (Goldman and Andrasfay, 2022). Those methods aim at estimating contributions

of differences between elementary rates of demographic events to the overall difference be-

tween two values of the aggregate measure (Andreev et al., 2002). In order to explain the
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dynamics behind changes in mortality, demographers have developed several techniques to

decompose changes in life expectancy by different components of mortality, such as ages

and causes of death (Bergeron-Boucher et al., 2015). This is due to the fact that mortality

reductions are translated into gains in life expectancy at birth and can be attributed to

specific age groups (Aburto et al., 2022).

Since a change in life expectancy (at any age) does not necessarily mean that mortality

rates change in the same magnitude or even in the same direction at all ages, it would

be useful to explain or decompose differences in two life expectancies pertaining to two

populations (male - female, urban - rural, states, ethnic groups, etc.) in relation to the

mortality differential at each age (Arriaga, 1984). Any effort for the evaluation of the dif-

ferences in life expectancies at birth between two populations or two - time points within

the same population must manifest the mortality differences in each age group of human

life span (Zafeiris, 2020).

Many demographers such as Andreev (1982) in (Andreev et al., 2002; Shkolnikov et al.,

2001), Pollard (1982, 1988), Pressat (1985), and Arriaga (1984) independently developed

various methods for the purpose of decomposing life expectancies and measuring relative

age specific contributions to the overall change in the 1980s. Because all these methods

lead to similar results (Pollard, 1988; Ponnapalli, 2005), the decomposition method devel-

oped by Arriaga (1984) was used to measure the contribution of each age group to the

overall changes in life expectancy of Ethiopia and its regional states over the period 1990

- 2019 in this study. The choice of Arriaga’s decomposition method was based on the fact

that it gives reliable and consistent results (Zafeiris, 2020).

Andreev (1982) in (Andreev et al., 2002; Shkolnikov et al., 2001), Arriaga (1984), Pressat

(1985) independently developed discrete methods of decomposing life expectancies in the

1980s. The formulae for decomposition by Andreev and Pressat are exactly equivalent

(Andreev et al., 2002; Ponnapalli, 2005; Pollard, 1988).

Life expectancy at birth is a functional of the vector of age - specific death rates, which

has to be computed by complex accumulation of these rates by means of the life table (An-

dreev et al., 2002). When comparing abridged life tables with different levels of mortality,

it is observed in most cases that mortality differs in all age groups by different magnitudes

(Arriaga, 1984). The connection between expectation of life and the mortality rate at a

particular age, however, is not a particularly simple one (Pollard, 1988). This is because
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although changes in mortality in a particular age group affect life expectancy in direct and

indirect ways, contributions to life expectancy increase cannot be measured only in terms

of changes in mortality in each age group (de Castro, 2001); the overall change has associ-

ated with it the notion of interaction effects (Arriaga, 1984; Ponnapalli, 2005; de Castro,

2001).

The following mathematical relations reveal this problem and enable us differentiate the

direct, indirect, and interaction effects that are found embedded in the overall change in

life expectancy:

The life expectancy at birth e0 is given by

e0 =

∫ ω

0

p (a) da

Where, ω is the oldest age considered beyond which no one survives and p (a) is the

probability of surviving from birth to age a given by

p (a) = exp

(
−
∫ a

0

µ (u) du

)

Where, µ (u) is the force of mortality at age u.

Combining the two equations given above, we see that

e0 =

∫ ω

0

(
−
∫ a

0

µ (u) du

)
da

Now, when µ (u) changes in the age interval (x, x+ i), both the probability of surviving and

the average time lived at those ages will change. The effect resulted from these changes is

then said to be direct effect. This change in µ (u) will also affect the number of survivors

that will move on to the next age group, and hence the time lived at ages (x+ i, ω). The

effect resulted here is called indirect effect. However, changes in µ (u) are observed at all

ages, and not only at a particular age group. That means new survivors at age x + i will

spend more time on (x+ i, ω) than on (x, x+ i). The effect here is named interaction

effect.

Interaction effect according to Arriaga (1984) is that ‘which cannot be allocated to any

particular age group alone, but to the change in mortality at all ages’. Arriaga adds that

the indirect and the interaction effects add up to an effect called other effect.
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Using a discrete perspective of basic functions of the life table, Arriaga (1984) presents the

following relations for each of the effects, given a change in mortality at ages x to x + i,

observed between the periods t and t+ n (de Castro, 2001):

Direct Effect,

iDEx =
ltx
lta

(
T t+nx − T t+nx+i

lt+nx

−
T tx − T tx+i

ltx

)

Where l and T are the life table functions, x is the initial age of the age interval i being

considered, a is the age at which the life expectancy is calculated (if life expectancy at

birth, a = 0).

The effect that mortality change in the open-ended age group produces on the total change

in life expectancy at age a will be only the direct effect. Since this is the last age group,

the indirect and the interaction effects do not exist.

Direct Effect for the open ended interval,

DEx+ =
ltx
lta

(
et+nx − etx

)
=
ltx
lta

(
T t+nx

lt+nx

− T tx
ltx

)

Indirect Effect,

iIEx =
T tx+i
lta

(
ltxl

t+n
x+i

ltx+il
t+n
x

− 1

)

Other Effect,

iOEx =
T tx+i
lta

(
ltx
lt+nx

−
ltx+i
lt+nx+i

)

Interaction Effect,

iIx = iOEx − iIEx

When the open - ended interval does not have reliable data (as is the usual case), similar

formulae to the above ones could be used to calculate life expectancies between any two

specific ages. These life expectancies are said to be temporary life expectancies. The

temporary life expectancy from age x to x+ i is the average number of years that a group
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of persons alive at exact age x will live from age x to x+ i years. In symbols, it would be

iex =
Tx − Tx+i

lx

Where x is the lower limit and i the upper limit of the age range considered x >= 0, i < ω.

Decomposition analyses were thus carried out in this study to quantify the contribution of

each age group to the variations in life expectancy at birth for each population in Ethiopia

and its regional states between 1990 and 2019.

Data quality, as a concept, is meaningful only when it relates to the intended use of the

data (US, 2000). Before utilizing secondary data, the researcher should exercise caution

and ensure that they have the following qualities (Kothari, 2004): reliability, suitability,

and adequacy.

On the thing that has been mentioned, this study has used secondary data from the Global

Burden of Disease Study, another reasonably trustworthy source, as well as the United

Nations data source, which is the most reliable source ever. Care was taken to make sure

the data were not used at face value in regards to their appropriateness and sufficiency.

This was accomplished by using the right techniques to transform the data into the relevant

variables of interest, such as converting raw death rate figures into probabilistic survivorship

functions, deriving standard survival probabilities using moving averages, transforming

them via their logits, and making the necessary adjustments.

3.8 Ethical Considerations

Research ethics was not historically taken seriously as a primary component of the entire

research work until the Second World War ended and US wartime investigators established

tribunals to try Nazi criminals for the heinous crimes they had committed against the

victims of the concentration camps.

The ethical guidelines we use today have their basis in the Nuremberg Code (Jackson,

2009).

Cooper et al. (2009) state:

The horrors carried out by Nazi researchers conducting experiments in concentration camps

contributed to the rise in concern over the moral treatment of research subjects. 23 Nazi
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researchers—the majority of whom were doctors—were put on trial before the Nuremberg

Military Tribunal at the close of World War II. It was crucial for the prosecution to make

a distinction during the trial between the methods employed by US wartime investigators

and those used in Nazi experiments. The judges decided on ten fundamental guidelines

for human subjects research in order to accomplish this. It’s interesting to note that many

of the fundamental ideas, like informed consent, were reminiscent of German laws that

were in effect both before and during the Nazi era. These laws included clauses that

forbade the use of dying people, gave special consideration to cases involving minors, and

prohibited the exploitation of the poor. The Nuremberg Code is the name given to the set

of rules developed by the Tribunal. Many of the tenets of the Nuremberg Code—such as

the opportunity for research participants to withdraw, the avoidance of needless suffering

or injury, voluntary consent of the human subject, and restrictions on the level of risk

permitted—remain the cornerstone of ethical procedures employed today. (pp. 127 - 8).

The Nuremberg Code was, therefore, the first major international document to provide

guidelines on research ethics (Marczyk et al., 2010).

Ethical research concerns what researchers ought and ought not to do in their research and

research behavior (Cohen et al., 2017).

The different parties involved in a research activity are the funding agency, the researcher,

and the research subjects or participants. Each of these stakeholders may have personal

goals and interests that have an impact on the research’s overall methodology and the

way its conclusions are communicated. As a result, it’s critical to make sure that research

is conducted without regard to anyone’s self-interest or in a way that could harm them

(Ranjit, 2011).

As such, it is essential to evaluate the ethical concerns of each stakeholder in isolation.

3.8.1 Ethical issues regarding the Subjects

Regarding study participants, Bowling (2014); Robbins (2008); Creswell and Creswell

(2017); Marczyk et al. (2010); Jackson (2009) say the following:

The ethical guideline that governs research states that participants should not suffer any

negative consequences from their participation, and that they should sign an informed

consent form after being fully informed about the study’s objectives, confidentiality, and
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anonymity. It is imperative that participants are made aware of their freedom to withdraw

from the study at any point, and that the investigator is available to address any queries

they may have. This voluntary consent lessens the researcher’s legal liability and protects

the participant’s right to decide whether or not to participate in the study.

However, this study has not used any human subjects and has not been subject to any of

the ethical concerns regarding research subjects that have been previously mentioned.

3.8.2 Ethical issues regarding the Institution

Sometimes there may be direct or indirect controls exercised by sponsoring organizations

and there can also be misuse of information – which are both unethical (Ranjit, 2011).

This study has been, nevertheless, free of such institutional predispositions.

3.8.3 Ethical issues regarding the Researcher

The ethical issues that a researcher can generally abuse are deliberate bias, providing

or withholding a treatment, using inappropriate methodology, incorrect reporting, and

inappropriate use of the information (Ranjit, 2011).

The researcher has not been concerned about and has been relieved of ethical concerns

because there was no manipulation of the study’s variables. Rather, for use in deterministic

mathematical models, only numerical values were collected from the United Nations, the

most dependable open public domain source of data, and they were converted into functions

using life table function relationships.

3.9 Dissemination of findings

Research’s impact depends on how carefully it is disseminated; if it is done too little,

its message will go unnoticed, but if it is done too much, decision - makers will become

confused and cynical due to data overload (Cohen et al., 2017).

As a result, efforts were made to disseminate the deconstructed portions of the study’s

primary work to readers in an understandable and feasible way through the following

publications, seminars, and conference presentations.
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1. A paper was presented in The International Union for the Scientific Study of Popula-

tion (IUSSP) conference that was held on 5 - 10 December 2021 in Hyderabad, India

(one can get to this by the link https://ipc2021.popconf.org/abstracts/210687).

2. Four related articles were submitted to different publishers of which two are now

published, and two are accepted. Evidences were produced to the IPoSt.

3. Two papers have been accepted for presentation in international conferences in Amer-

ica, and Australia.

4. A variety of related seminar works were presented and discussed in a series of pro-

grams organized and coordinated by the IPoSt.

4 Results

4.1 Description of the Developed System of Model Life Tables

The Brass’ logit model has been proven rigorous for its statistical reliability and flexibil-

ity in accommodating various data types in the literature. Results obtained from specific

Ethiopian age structures and mortality rates used as input data in this model were then

deemed statistically sound.

To check the demographic representation of the produced system of model life tables, spe-

cific mortality rates and life expectancies were compared with those from other reliable

sources and they were proven comparably reasonable indicating that the model captures

unique local mortality patterns.

Evaluating regional differences and similarities in mortality has also shown contextual rel-

evance in that it provided localized insights.

Outputs were cross checked among themselves and with the literature for the purpose of

validating with local data and with benchmarks from reliable sources such as the UN to

confirm the model’s accuracy.

This study has provided results that are different from those found in other sources, con-

sistent among themselves, and comparable with benchmark results from reliable global

sources indicating the study has come up with improved methodological rigor and rela-

tively better outputs.
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These processes and results have been point by point discussed in the subsequent Result

and Discussion sections.

4.2 Constructing model based abridged life tables for Ethiopia

and its regional states

Abridged life tables based on the logit model by Brass provide significant insights into

mortality at different ages. Therefore, using Brass’ logit model - based abridged life tables,

this study sought to compare changes in mortality, survival probabilities, infant mortality

rates, and sex differentials in Ethiopia from 1990 to 2019. To create these life tables,

information from the Global Burden of Disease Study 2019 and the United Nations World

Population Prospects 2022 online resource was used. The results showed that Ethiopia’s

healthcare system made remarkable improvements in general between 1990 and 2019. With

a 7.7% increase in the likelihood of survival at birth, life expectancy increased by 16.977

years, from 49.259 to 66.236 years. Between 1990 and 2019, the rate of infant mortality

decreased by 69.5%, from 107.19 per thousand live births to 32.68. The difference in

life expectancy at birth based on sex decreased significantly from 7.706 years in 1990 to

4.491 years in 2019. According to the study, there has been a noticeable decrease in

overall mortality over the past three decades. However, there are still gender differences

in life expectancy at birth, and Ethiopia’s mortality and life expectancy rates could still

be improved.
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Table 5: Ethiopian standard survival functions: Both Sexes, Males, and Females

This is a table of standard survival functions that were produced for the Ethiopian popu-

lation by sex. The survival functions were then used as mortality standards for the whole

population in producing the model based abridged life tables (ALTs).
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Table 6: Correction factors γx , Both Sexes combined
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Table 7: Correction factors γx , Males
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Table 8: Correction factors γx , Females
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Table 6, Table 7, and table 8 above contain the correction factors within the standard values

of β varying between 0.5 and 1.4. These correction factors deviate from 1 either when β > 1

or when the age range is 35 years and above. Deviations from 1 of these correction factors

are indications that overestimation or underestimation of life expectancies and the other

life table function values might happen to exist. Given that secondary data were used

in this study, along with all of their limitations, this is somewhat acceptable. Moreover,

since higher values of β are in favor of the young, this is consistent with the model’s

characteristics that indicate deviations towards old age.

Although the model life table developed was used and would be used to produce abridged

life tables for Ethiopia and for all its regional states overtime, in this section it was restricted

to making inferences only for Ethiopia.

Finally, changes in general mortality rates, in average life span, and in infant mortality

rates of the population over the last three decades (1990 - 2019) were treated and inferences

were made accordingly.

4.2.1 Changes in mortality over the past three decades, Ethiopia

The model generated abridged life tables for Ethiopia by sex are displayed below for the

years 1990 and 2019. The information from the tables was then used to conduct additional

explanations on the country’s mortality trend over the whole of thirty years.

Ethiopia has generally seen a significant decline in death rates since the 1990s across all age

groups, with relative low rates of infant and child mortality. The death rate in 1990 was

only declining up until the age of 15, after which it began to rise, indicating that earlier

in life, a higher percentage of people died. Referring to the death trend curves provided

below, in 2019 there was a discernible decrease in overall numbers of deaths in comparison

to 1990; however, the pattern of rising mortality rates began to increase at the age of 20,

and it persisted even after thirty years of overall improvements in survival.
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Figure 8: Ethiopia’s death trend curves: 1990 - 2019

These two trend curves typically begin with high death rates, but they differ significantly

in that the 2019 curve begins with a significantly lower rate than the 1990 curve, and

the level difference between them illustrates the reductions in mortality that have been

achieved over the specified time.

The beginning points’ high values roughly indicate that the mortality rates for infants and

children under five were high.

These curves indicate improvements in survival when they begin with high values and then

gradually decrease over the age range of 0 to 15.

But after a short while, both curves start to rise at age 20 and keep going up with almost

the same pace until age 60. This is due to a number of things, including middle - aged

accidents and increased risk - taking behavior, as well as the fact that aging is associated

with a constant rise in the risk of dying.

After the age of 60, both curves rise sharply, indicating high mortality risks linked to all

potential hazards in very old age. They meet at 85 years old, and the 2019 curve sharply

declines, highlighting the complex interactions between risk factors that occur throughout

life. These two curves generally indicate a vulnerable time in early life that is followed by

a risk - growing phase in young adulthood.
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Table 9: Abridged life tables for Ethiopia, 1990

These are model based abridged life tables with only the common and fundamental columns

lx and ex given for Ethiopia in 1990. While it is possible to include all the usual columns

of the life table functions, these ones are the most important elements to make analyses

and also every other function of the life table can be derived from them.
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Table 10: Abridged life tables for Ethiopia, 2019

Table 11: Abridged life tables with all the usual columns for Ethiopia, 1990
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Table 12: Abridged life tables with all the usual columns for Ethiopia, 2019

Overall life expectancy at birth of both sexes combined increased by 16.977 years, from

49.259 years in 1990 to 66.236 years in 2019. This increase was driven by improvements

in mortality rates at all ages. The greatest increase in life expectancy occurred at birth.

Infants and children have also shown increases in life expectancy of 13.335 and 10.623 years

respectively. In the extreme old ages (85+ years), life expectancy decreased.

As indicated by the trend lines’ negative slopes, life expectancy is declining with time in

both scenarios. In addition, the slope of the red trend line - the upper line - is steeper than

that of the blue (lower) trend line. This indicates that with every year of age that went

by in 2019, life expectancy declined more swiftly than it did in 1990. The y – intercept for

the trend line of the year 2019 is 72.006 means that the life expectancy at birth for 2019

was predicted to be 72.006 years by the trend line. The reality is however, it was 66.236

years. The variation has resulted from the fact that the distribution of the data points

(life expectancies) were not evenly distributed; many factors such as life style, diet, access

to healthcare, and many more factors that affect life expectancy were not included in the

model and they likely skewed the trend lines.

57



Figure 9: Age versus life expectancy plot for both sexes of Ethiopia for the years 1990 and
2019

4.2.2 Survival probabilities over the past three decades, Ethiopia

Survival probability at birth has increased by 0.07451, from 0.89281 in 1990 to 0.96732 in

2019. This indicates that the likelihood of a newborn surviving to reach age 1 has increased

by 0.07451. Put another way, people in this age group who are experiencing this increase

in survival probability are now 7.451% more likely to survive a given time or ordeal than

they were previously.

58



Figure 10: Age Vs Survivor Plot for Both Sexes of Ethiopia, 1990 and 2019

The y - intercept of the trend line of the 2019 survival curve at 112,162 is greater than the

radix of 100,000. This implies that over a thirty - year period, Ethiopia had experienced a

high overall mortality rate despite overall improvements in reducing mortality in relative

terms.

Besides, Ethiopia’s survival curve for 2019 has a trend line y (2019) with a slope of -946.33,

which is slightly steeper than that of the 1990 curve, y (1990) which reads -944.83. This

suggests that compared to 1990, the number of survivors decreased at a comparatively

rapid rate in 2019.

4.2.3 Infant mortality rate comparisons over the past three decades, Ethiopia

In 1990, the infant mortality rate was 0.10719, or 107.19 infant deaths for every 1000

live births. Likewise, the infant mortality rate of the year 2019 was 0.03268 indicates

that for every 1000 live births, there were 32.68 infant deaths. The IMR in Ethiopia

decreased significantly from 107.19 per thousand in 1990 to 32.68 in 2019. This represents

a reduction of approximately 69.5%. Here are some references gathered from the various
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Ethiopian Demographic and Health Surveys (EDHS) conducted in the years 2000, 2005,

2016, and 2019 for additional analysis of the trends in infant mortality rates in Ethiopia’s

regional states.
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Figure 11: Region Vs IMR graph based on EDHS 2000, 2005, 2016, and 2019

The curves’ alternating concavities show that there have been significant regional differ-

ences in infant mortality rates. The ages of 108.6, 112.4, 48.2, and 14.5 were the mean,

median, range, and standard deviation in the 2000’s curve, respectively.

4.1.3.1 Observations

The data distribution appears to have been reasonably symmetrical based on the close

proximity of the mean and median IMRs. The 48.2 range in the 2000’s curve indicates

a notable difference in IMRs between the regions. The observed variability in the 2000’s

curve is supported by the 14.5 standard deviation.

The mean, median, and range ages are 51.45, 50, and 53, respectively, based on the 2019

IMR curve. The fact that the mean and median ages are nearly equal suggests that there

may have been some symmetry. While there was an improvement in the level of lowering

IMRs, the variability did not change over the period 2000 to 2019.
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Figure 12: Region Vs IMR graph based on GBD, 2019

These two curves, which are based on the Global Burden of Disease Study 2019, depict the

variations in IMRs that the various regions have attained over a thirty - year span. These

IMR data saw mean and median changes of 90.5 and 94.2, respectively. The significant

decline in the mean suggests that infant survival has significantly improved overall across

the regions in 2019, and the decline in the median age suggests that the middle value of

the distribution of infant mortality rates has considerably shifted downwards meaning that

half of the regions have lower rates than in the past.

The IMRs of Addis Ababa and Tigray, represented by Regions 10 and 1, respectively, saw

changes of −82.4% and −77.7%. Various sources reported varying rates of infant mortality

for Ethiopia in 2019. One factor among many could be the fact that they employed various

techniques and data sources. Here are some of the data that were collected from those

sources and also the outcomes of the model that was created.
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Table 13: IMRs for Ethiopia from different sources

Figure 13: Data Source Vs IMR of Ethiopia, 2019
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Figure 14: Region Vs IMR sketches based on The Brass’ logit model produced: 1990 -
2019

Over a thirty - year period, all regions saw a relatively significant decrease in infant mortal-

ity rates, as is easily observed and roughly understood only from the graphical observations.

The fact that the 2019 curve is softer than the 1990 one is more proof that not only levels

of infant mortality rates declined but also rate variability has improved over time.

In the 1990s, Somali’s Region 5, as is represented by these data in order, had the second -

lowest infant mortality rate in the nation. However, over the next thirty years, it lost its

position and, worst of all, in 2019 it rose to the second - highest. Benshangul - Gumuz of

region 6 had the highest infant mortality rate in the 1990s and it remained the highest after

thirty years in 2019 despite a total change of −66.53%. In the beginning, Addis Ababa

held the top spot with the lowest level and managed to hold onto it with a successful

change of −71.73% until 2019.

Over the course of the thirty years, there have been some remarkably notable improve-

ments in infant mortality rates, with the average percentage change across all regions

being −72.96%. However, there are still high rates that require improvement, and there

are variations among the regions.
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4.2.4 Under - five mortality rate comparisons over the past three decades,

Ethiopia

Table 14: IMRs and U5MRs for the regions from EDHS 2019, GBD 2019, and The Brass’
logit model produced

Table 15: IMRs and U5MRs from the Brass’ logit model produced: 1990 - 2019

Ethiopia has achieved a noteworthy decrease in under - five mortality rate over the past few

decades, going from 179.33 per 1000 live births in 1990 to 60.15 in 2019. This represents

a remarkable 66% decline in 30 years. Although this country has made some impressive
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progress in reducing under - 5 mortality, it is still falling short of the global average, which

in 2019 according to UN (2020) was 38 deaths per 1000 live births.

Observations based on regional specifics

Over the past three decades, there have been comparatively significant changes in all of

Ethiopia’s regional states regarding the decline in under - five mortality rates. In 1990,

the average under - five death rate for all regions was 175.05, but in 2019 it was 57.69,

representing a reduction of over 67%. This significant decline indicates a general improve-

ment in the children’s survival rate. The median of these mortality rates also declined

from 180.54 to 58.22 over the given number of years. The fact that the mean and median

of the updated data are nearly equal suggests that the regional mortality rates have de-

creased and are now concentrated around the central point, which is also another sign of

improvement.

The range of the mortality rates dropped from 123.78 to 49.16 in terms of variability, which

shows a decline in the variability of mortality rates over time. Additionally, the rates’ dis-

tribution has gotten more symmetrical, indicating that the data points are nearly equally

distributed on both sides of the mean and that most regions have attained comparable low

death rates.
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Figure 15: Region vs IMR and U5MR sketches from The Brass’ logit model produced:
1990 - 2019

There appears to have been significant regional variation based on the sharply sloping ups

and downs seen in the 1990s under - five mortality curve for different intervals or sets

of values. Significant variation was observed in the rates, which ranged from 93.03 in

Addis Ababa, region 10, to 216.81 in Benshangul - Gumuz, region 6. This represents an

astonishing difference of 123.78 deaths per 1000 live births between two regions within the

same nation.

Nevertheless, after thirty years, the overall curve pattern softened and had mild slopes

between any two sets of values, indicating notable decreases in regional variability. Addis

Ababa and Benshangul - Gumuz maintained their positions as the lowest and highest rates,

ranging from 28.16 to 77.32 per 1000 live births, respectively, even after those all - around

improvements in 30 years but with an improved difference of 48.16.

Over the past thirty years the average change in U5MR of the regions has been 175.05 −

57.69 = 117.36. This means 3.912 deaths have been reduced each year on average.
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Table 16: U5MR percentage change and annual average death rates of the regions of
Ethiopia

This table of details shows that, in comparison to the national average of U5MRs, region 1

of the regional state of Tigray was 1.12 years ahead. This indicates that, over the course of

thirty years, it had been successful in reducing 30 + 1.12 = 31.12 ∗ 3.912 = 121.74 deaths,

as if it had been operating with the national average for 31.12 years. Comporably, region

2 was 1.54 years after the national average is meant that it had achieved reductions in

U5MRs as if it were working for 28.46 years with the national average constantly.

Although region 10 had one of the lowest death rates, regions 5 and 10 were both more

than 13 years behind the national average. Although this may seem contradictory, region

10 was the lowest from the start because of its stronger foundation rather than because its

rates had consistently been comparable to or above the national average. The mortality

rates in Regions 7 and 8 were remarkably lower than the national average, as if they had

been operating for 34.48 and 36.98 years, respectively, at the national average rate all

along.
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4.2.5 Comparison of sex differentials over the past three decades, Ethiopia

In both the reference years 1990 and 2019, females had higher record of life expectancies

than males at all ages. The largest sex differential in life expectancy was observed in the

infancy stage, where females had a life expectancy of 7.706 years longer than males in 1990

and 4.491 years longer in 2019. This means the sex differential in life expectancy at birth

decreased significantly from 7.706 years to 4.491 years over the period of thirty years. This

may be a good indication that public health policies and interventions had been working

on improving the health and well - being of both sexes and had succeeded in narrowing

the gaps in life expectancies while general increment is there.

Overall sex disparity

Females consistently have lower mortality rates than males across all age groups. This

suggests that, in this particular situation, females have an advantage over males in terms

of survival.

Age - specific sex disparity

Infants: Based on the abridged life tables, the male and female IMRs were calculated to

be 37.84 and 32.64, respectively. This means that there is a sex disparity in IMR of 5.2

deaths per 1000 live births, with males having a higher mortality rate.

Under - five children: The U5MRs for males and females were, respectively, 67.17 and

60.36. Thus, the gender disparity in U5MR is 6.81 deaths per 1000 live births, with males

having a higher relative mortality rate once more.

Children: Male and female child mortality rates were 30.48 and 28.65, respectively. The

child mortality rate (CMR) reveals a sex disparity of 1.83 deaths per 1000 live births, with

males continuing to have a higher mortality rate.

Relative sex disparity

IMR : (37.84/32.64) − 1 = 0.16

U5MR : (67.17/60.36) − 1 = 0.11

CMR : (30.48/28.65) − 1 = 0.06

Based on the age groups chosen, these values show a small to moderate sex disparity in

mortality rates, with males having a 16% to 6% higher risk of dying than females.

However, there still remains a sex differential in life expectancy at birth that needs to be

addressed. The smallest sex differential occurred in the extreme old ages.
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Figure 16: Age Vs Life Expectancy Plot by Sex of Ethiopia for the years 1990 and 2019

The trend lines here are regression lines that best fit their respective data points (life

expectancies at different ages) in a straight line. The trend lines predicted that the life

expectancies at birth for males and for females in 2019 were respectively 63.273 and 68.143

years. The actual calculated values were respectively 63.858 and 68.349 years. Because

the trend lines were good estimates of the actual data points, inferences made from the

trend lines meant inferences made for the actual data points. Life expectancy decreased

by 0.74 years for every year of age for males and by 0.70 years for every year of age for

females. The R2 values show that the trend lines for males and for females explain 98.2%

and 97.76% of the variations in the data – which is a good fit.
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4.3 Comparative analysis of mortality trends and life expectan-

cies in Ethiopia: insights from the model – based abridged

life tables

Essential information regarding population dynamics and health outcomes can be obtained

from life tables. Directly creating abridged life tables is not feasible in Ethiopia due

to the absence of accurate and current mortality data. Therefore, a useful substitute

for estimating mortality experiences is to use model - based abridged life tables. The

purpose of this section of the study was to estimate the mortality experience of Ethiopia’s

regional states by creating model - based abridged life tables. Information from the Global

Burden of Disease Study 2019 and the United Nations World Population Prospects 2022

web source was used. The abridged life tables were produced using the UN Population

Division’s MORTPAK LITE software and Brass’ logit method. The findings indicated that

during the previous three decades, life expectancy at birth had significantly increased in

all regional states, and age - specific mortality rates had dropped for both sexes and all

age groups. The study came to the conclusion that disparities in mortality patterns still

exist among the regions and that they will take decades to catch up to the current global

average life expectancy standard of 73 years.

Full abridged life tables for Ethiopia and for some selected regional states were produced.

A table containing life expectancy at birth of 1990 and 2019 for Ethiopia and for all

its regional states was also developed to complement the whole analysis. The findings

suggest that there had been substantial progress in reducing mortality in Ethiopia over

the past thirty years. They also revealed significant variations in mortality experiences

across the regional states and between the sexes. Addis Ababa and Tigray had the highest

life expectancies at birth, while Benshangul - Gumuz and Somali had the lowest.

The estimated infant mortality rates (IMRs) ranged from 12.88 deaths per 1000 live births

in Addis Ababa to 43.94 in Benshangul - Gumuz. Under - five mortality rates (U5MRs)

also exhibited sizeable variations among the regional states with the lowest in Addis Ababa

(28.16 deaths per 1000 live births) and the highest rates in Benshangul - Gumuz (77.32

deaths per 1000 live births).

Because the continuous decline in child mortality is regarded as one of the most important

achievements in public and population health of the past three decades (Ezbakhe and

71



Pérez-Foguet, 2020), these significant reductions in infant and under - five mortality rates

over the past thirty years in Ethiopia, and specifically in each of its regional states, have

been in agreement with the levels and trends of child mortality reduction achievements in

the world.

The Brass’ logit model produced abridged life tables for Ethiopia and for each of the

regional states with estimates of life expectancy at birth ranging from 64.185 years in

Benshangul - Gumuz to 69.483 years in Addis Ababa while the national average was 66.236

years.

The abridged life tables also provide estimates of mortality rates at various ages allowing

for a detailed analysis of mortality patterns and disparities within each region.
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Table 17: Abridged life tables for Ethiopia by sex: 1990 - 2019

The life expectancy at birth for both sexes in Ethiopia had increased significantly from

49.259 years in 1990 to 66.236 years in 2019, representing an increase of 16.977 years. This

is an overall 34.47% increase in life expectancy over the course of thirty years. While the

life expectancy at birth for males had shown a 38.21% increase over the whole course of the

three decades from 46.205 years in 1990 to 63.858 years in 2019, the percentage increase

of females had been only 27% increase from 53.911 years in 1990 to 68.349 years in 2019.

Though it apparently seems that the percentage increase of the life expectancy at birth

of males had been better than that of the females, the reality is that the males are 4.463

years lagging behind as the females are lagging behind by 4.651 years from the current

global average, i.e., 73 years. Generally, there had been improvements in life expectancy

across all age groups showing a positive trend in mortality reduction.
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Table 18: Life Expectancy at Birth of Ethiopia and its Regional States, 1990 and 2019 by
sex

Addis Ababa, Tigray, and Gambella were generally the three top regional states according

to their life expectancies in 2019, while Benshangul - Gumuz, Somali, and Amhara were

the lowest three.

The following figures help us visualize and understand the improvements in survival and

the disparities among regions as well as between the sexes.
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Figure 17: Age Vs Survivor by sex of Ethiopia, 1990 and 2019

The trend line slope for the male survivors of 2019 is -974.42, meaning that it is steeper

than the female survivors’ slope of -900.68. This indicates that the proportion of male

survivors decreased more quickly than that of female survivors. From the R2 values of

the 2019 male and female survival curves, it is understood that more than 80% of the

variations in the data were explained and showed a reasonably good fit.
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Figure 18: Age Vs LEB of Ethiopia and four of its regions with extreme values, 2019

The LEB curves show that Addis Ababa and Tigray had achieved relatively the highest life

expectancy of under - five. However, from 5 to 65 years of age, the national life expectancy

(that of Ethiopia) had been better than that of all the four regional states sampled out

here. Between 60 and 65 years of age, the life expectancy of the nation sharply dropped

from 22.34 years to 14.814 years with a difference of 33.689%.

4.4 Decomposing and measuring the change in life expectancies

of Ethiopia and its regional states age - wise: 1990 - 2019

When analyzing changes in life expectancy at birth or studying differences in life ex-

pectancy between two populations, it is useful to estimate what mortality differences in

a specific age group contribute to the total difference in life expectancy. The Arriaga

method is a popular technique for decomposing life expectancy into direct and other ef-

fects by making use of the life table functions. This study aims to decompose the life

expectancies of Ethiopia and its regional states into direct and other effects age - wise and

assess the contributions of age groups, regions, and types of effect. The life expectancies

of Ethiopia and its regional states were decomposed age - wise into direct and other effects
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using Arriaga method over 1990 - 2019. Results showed the life expectancy in Ethiopia

increased from 49.3 years in 1990 to 66.2 in 2019. Of the types of effect, the other effect

and of the age groups, infants and under five children were the main positive contribu-

tors to this increase. Regionally, no significant contribution differences were observed but

Addis Ababa exhibited a negative other effect contribution in the old ages. Direct effect

contribution was negligible in the age group of 0 - 4 years warns that improvements in

life expectancy are due to indirect and interaction effects and thus further intervention is

required to achieve direct effect improvements.

An age - wise breakdown of life expectancies of Ethiopia and a few selected regional states

was conducted for the period 1990 to 2019. Life expectancies were broken down into com-

ponents for Ethiopia and all of its states, but for the purpose of ease of analysis, only

Ethiopia and four of its regional states: Addis Ababa, Tigray, Somali, and Benshangul

Gumuz were included in the main body of analysis while the others were given in the

Appendices section for further reference. The findings reveal that life expectancy has gen-

erally increased in Ethiopia and all of its regional states over the period 1990 - 2019. This

is attributed to a combination of decreases in infant mortality rates, decreases in child

mortality rates, and decreases in adult mortality rates. The age - wise life expectancy

contributions showed that the highest contributions were resulted from declines in infant

mortalities.

The total improvement in life expectancy of the nation over the past three decades was

16.977 years. All of the regional states made significant contributions to the overall trans-

formation, but Addis Ababa, Tigray, Benshangul Gumuz, and Somali were among the

lowest and the highest contributors with contributions of 7.536, 16.2, 9.0, and 19.3 years,

respectively. The contributions from Somali and Addis Ababa were the lowest of all the

other Ethiopian regional states. Their meanings were different, though, in that Addis

Ababa started out in a better position than the other regions in terms of improved life

expectancy and succeeded in doing so over the reference period, albeit not significantly

better than the others, whereas Somali made less of an impact on overall life expectancy.

The age groups 0 – 1 and 5 – 10 made the largest contributions to the overall improvement

in life expectancy in Ethiopia and all of its regional states. This suggests that the im-

provement in life expectancy at birth was primarily due to the dramatic declines in Infant

Mortality Rates (IMRs) and Under Five Mortality Rates (U5MRs) over time.
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Of the total 16.977 years of improvement in life expectancy for both sexes combined in

Ethiopia over the period of thirty years, an amount of 8.9 years that stands for over 50%

of the total improvement was contributed by the age groups of 0 - 5, an indication that

the country worked hard to reduce child mortality.

The late adult age contributions to overall life expectancy were uniformly low across all

regions, but Addis Ababa was notable for having negative total effect contributions from

individuals 65 years of age and above. This suggests that mortality had increased in those

adult age groups, possibly but not only as a result of rising rates of chronic illnesses and

rising rates of risk factors for chronic illnesses, such as obesity, smoking, and experiences

with sedentary lifestyles. The population’s average life expectancy must have decreased,

the number of premature deaths increased, the quality of life for older adults decreased,

and fewer people were living a disability - free life as a consequence.

In all age groups across all regions and between the sexes, the indirect effect and the inter-

action effect together, regardless of their overall magnitudes, significantly influenced the

change in life expectancy at birth more than the direct effect did. One implication of this is

that it is not enough to focus on interventions that directly target the exposure of interest

to increase life expectancy but is necessary to consider the interventions that target the

indirect and the interaction effects.
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Figure 19: Age Vs Life Expectancy Plot of Ethiopia, Both Sexes 1990 - 2019

The y - intercept of the linear trend line of the 2019 life expectancy curve here reads 65.566

which is very close to the calculated life expectancy at birth, 66.23 years. This is a good

indication that a linear line fits well to the scatter points of changes in life expectancy than

do the exponential or the logarithmic ones. Moreover, the R2 value shows that almost 98%

of the variations in the data (changes in life expectancy) were explained by age in this

regression model and it means that this model is a good fit for the data. Comparing

the slopes of the trend lines, we can observe that changes in life expectancy happened to

decline more rapidly on a relative basis in 2019 than they did in 1990.
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Figure 20: Age Vs Effect Type of Ethiopia, Both sexes, 1990 - 2019

The contribution of the direct effect to the total effect in life expectancy was relatively low

as can be seen from the sketch. As a result, the other effect almost equaled the total effect

except in a few points. This depicts that it was the indirect effect and the interaction effect

of life expectancy that contributed the most to the overall change in life expectancy at birth

of Ethiopia over the past three decades. The direct effect contributions showed relatively

higher values with age. From the start until about the age of 80, they kept getting bigger

and bigger. At the age of 85, the other effect had disappeared, leaving only the direct

effect. The other effect curve nearly matched the total effect curve across the plane, with

the exception of a few age intervals, suggesting that the direct effect’s contribution was

usually insignificant.
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Figure 21: Age Vs Effect decomposition of LEB for Ethiopia: 1990 - 2019

The direct effect curve exhibits a J - shaped pattern, resembling the increasing death

probability with increasing age. Both the other effect and the direct effect were found to

be ineffective at very old ages, and at the worst, the direct effect had a negative contribution

to the overall change in life expectancy at birth.
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Figure 22: Age Vs Relative Total Effect Life Expectancy contributions by sex

This sketch was confined only to the age group 0 - 10 because it was this age distribution

that contributed many of the years to the overall change in life expectancy at birth of

Ethiopia across all the regional states and between the sexes than any other age group or

distribution over the period 1990 - 2019. On average, males on this age group contributed

more to the overall life expectancy of the population than their female counterparts did

on that age group. While females at age 0 contributed a total of 3.7 years to the whole

transformation, their male counterparts at that age contributed 4.4 years. This means

that on average, males can expect to live 0.7 years longer than females at age 0. The

overall trend of life expectancy contribution within this age range shows that variations

get narrower through time. Ideally, these numbers tell us that if all risk factors that reduce

the expected life expectancy were eliminated, males and females (at age 0) as cohorts would

respectively live 4.4 years and 3.7 years longer on average.
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Figure 23: Age Vs Percentage decomposed changes in Life Expectancy at birth (LEB) for
both sexes, males, and females of Ethiopia, 1990 - 2019

Comparing the percentage contributions to the overall change in LEB of the country over

the three decades, 52% in both sexes was gained from the under 5 years of age. Similarly,

49.2% and 50.5% of the actual gains in the Ethiopian LEB were contributed by the male

and female populations of 0 - 5 age groups respectively.

When we look at the percentage contributions to the country’s overall change in LEB over

the course of three decades, children under the age of five accounted for 52% of the gain in

both sexes. Similarly, the male and female populations in the 0 – 5 age groups contributed

49.2% and 50.5% of the actual gains in the Ethiopian LEB, respectively.
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5 Discussion

Ethiopia, a nation with a growing population and an unstable political system, does cur-

rently have far too few reliable death statistics available. Recognizing this dearth of mor-

tality statistics, the Brass’ logit method has been employed as an innovative approach to

constructing life tables for Ethiopia and its regional states. The choice of this method has

been the fact that it leverages any incomplete or inaccurate data to create a more accurate

picture of mortality patterns.

Therefore, this study sought to build a system of Brass’ logit model life tables, estimate

national and regional abridged life tables, and decompose life expectancies to measure the

relative contribution of each age group to the overall change in mortality experiences that

the country has undergone over the course of thirty years from 1990 to 2019.

5.1 Estimating model based abridged life tables for Ethiopia and

its regional states

In order to estimate national and regional abridged life tables, this study first developed a

system of Brass’ logit model life tables. Then, changes from 1990 to 2019 were taken into

consideration regarding sex disparities, infant mortality rates, under - five mortality rates,

survival probabilities, and general mortality in Ethiopia and the regional states.
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5.1.1 Abridged life tables for Tigray

Table 19: Abridged life tables for Tigray, 1990
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Table 20: Abridged life tables for Tigray, 2019

The information provided in the life tables shows notable increases in the average lifespans

of men and women as well as for both sexes combined. This is an encouraging develop-

ment that suggests improvements possibly in healthcare, living standards, and overall well

- being in in the country. When the analysis is broken down into components:

Overall increment

Life expectancy of the overall population of the regional state of Tigray has increased by

16.18 years from 51.359 years in 1990 to 67.539 years in 2019. This represents a 31.5%

increase over the course of three decades.

Males

Life expectancy for males increased by 15.925 years from 49.139 years in 1990 to 65.064

years in 2019. This represents a 32.4% increase, slighty higher than the overall increase of

the region.

Females

Life expectancy for females increased by 12.49 years from 54.591 years to 67.081 years

and this represents a 22.9% increase which is lower than the percentage increments of the

overall and the male populations.
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Disparity

While the overall increase in life expectancy is encouraging, the gap between males and

females remains significant. Further efforts are needed to address this disparity.

To increase life expectancy in Tigray by one year, it has taken an average of 1.854 years.

This shows that for every 1.854 years that have elapsed since 1990, the expectation of

living has increased by one year on average.

Over the course of three decades, the difference in life expectancy between males and fe-

males in Tigray has been 16.18 − 12.49 = 3.69 years. This indicates that, on average,

Tigrayan females will need to gain 3.69 ∗ 1.854 = 6.84 extra years of experience to catch

up to their male counterparts. However, unless some extraordinary measures are taken

to close the gap and enable the females to at least approach the males, this will remain

impossible.

Comparisons with national and global results

According to the findings, Tigray had made relatively better progress than the country as a

whole, with life expectancies for both sexes combined and for males in Tigray being higher

than those in Ethiopia up until 2019. Although additional research may be necessary to

determine whether Tigray has really outperformed the nation using additional data, the

results presented here closely align with those reported by the World Health Organization.

But it is important to note that Tigray has made less progress toward increasing the life

expectancy of females, as noted in the World Health Organization’s reports and the Brass’

logit model life tables.

Table 21: Life expectancy comparisons from the model and from WHO
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Analysis of infant, under - five, and child mortality indicators

According to the model, Tigray’s infant, under - five, and child mortality rates were

0.10087, 0.16716, and 0.0737, respectively in 1990. This indicates that the rates of in-

fant, under - five, and child mortality were 100.87, 167.16, and 73.7 per 1000 live births.

Over a thirty - year period, Tigray’s infant, under - five, and child mortality rates decreased

from 100.87 to 23.09, 167.16 to 45.43, and 73.7 to 22.8 respectively.

Upon comparing these findings with Ethiopia’s mortality rates as determined by the Brass’

logit model and with the country’s WHO results, it was discovered that Tigray’s infant

and under - five mortality rates had been 23.09 and 45.43 per 1000 live births respectively

while The World Health Organization’s report for Ethiopia was 29.9 and 41.2 per 1000 live

births. Under - five mortality rate in Ethiopia was seen to be higher in the Brass’ logit

model than in the report of The World Health Organization.

The United Nations World Population Prospects “infant mortality rate 1950 - 2024” (UN,

2024) report states that the average infant mortality rate worldwide in 2019 was 28.615

deaths per 1000 people. It appears that Tigray had surpassed the global average by a

small amount.

This is not something the area should be proud of, though, as the average infant mortality

rate worldwide is also so high that it must be decreased and needs to be addressed.

Generally, the regional state of Tigray had experienced a significant increase in life ex-

pectancy at birth of 31.50% from 1990 to 2019 indicating improvements in overall health

and living conditions. There had been amazingly a 77.11% reduction in infant mortality

rates from 100.87 deaths per 1000 live births in 1990 to 23.09 deaths per 1000 live births in

2019. But what seems strange is that it had a slightly higher life expectancy compared to

the national average suggesting further studies be done to check disparities, if there were,

in access to healthcare and socioeconomic factors.
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5.1.2 Abridged life tables for Afar

Table 22: Abridged life tables for Afar, 1990
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Table 23: Abridged life tables for Afar, 2019

According to the estimated abridged life tables for Afar’s readings, mortality trends have

been improving, as has been the case both nationally and in the state of Tigray. Between

1990 and 2019, the region’s life expectancy increased by 15.193 years, from 51.658 years to

66.851 years. This translates into a significant improvement in life expectancy of 29.4%.

Sex specific changes

Male life expectancy increased by 14.827 years, from 49.455 years to 64.282 years. This is

a marginally higher increase than the overall increase, at 30%.The average life expectancy

for females also rose by 12.028 years, from 54.907 to 66.935 years. This is an increase of

21.9%, less than both the general increase and the increase for males.

Over the course of thirty years, there was an average increase in life expectancy of one

year in this region every nearly two years. Therefore, the gap observed between male and

female life expectancies would amount to (14.827− 12.028) ∗ 2 = 5.598 years of difference.

Analysis of infant, and under - five mortality indicators

As has been the case nationwide, Afar’s infant, under - five, and child mortality rates had

significantly decreased over the period of the study. First of all, in 1990, there were 99.09

deaths per 1000 live births in Afar among infants. However, that rate dropped to 28.06
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deaths per 1000 in 2019 - that is, after 30 years. Under - five mortality rate also dropped

from 164.52 deaths to 53.17 deaths per 1000. The infant and under - five mortality rates

decreased by 71.68% and 67.68% respectively, indicating significant progress in preventing

mortality when viewed in the context of the region.

Figure 24: Graphic presentation of lx column for both sexes together of Afar, 1990 - 2019

The difference between the two survival curves indicates the rise in life expectancy during

the specified study period. The 1990 curve was almost completely downward from the

start, indicating that death rates were high across all age groups. However, the 2019 curve

continued to be concave downward, indicating improvements in the number of middle -

aged survivors.

With regard to the ex graph, it is evident that life expectancy is greater at age 1 than it is

at age 0, suggesting that mortality is typically higher in the first year of life at age 0 than it

is at age 1 and beyond. This is explained by the fact that e0 represents the population as a

whole and includes low age at death for infant deaths, whereas e1 represents the population

as a whole and does not include very low survival for the majority of survivors.
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Figure 25: Graphic presentation of ex column for females of Afar, 1990 - 2019

5.1.3 Abridged life tables for Amhara

Table 24: Abridfed life tables for Amhara, 1990
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Table 25: Abridfed life tables for Amhara, 2019

The Amhara regional state saw an increase in life expectancy between 1990 and 2019 of

17.415 years for the general population, 16.706 years for males, and 14.50 years for females.

These changes reflect increments of 36%, 36%, and 27.99% years respectively.

The female population achieved much less of an increase in percentage terms, while males

saw an increase comparable to the overall population.

The female population has been leading in overall life expectancy over the years, despite

a 2.206 year difference in life expectancy between the sexes that represents nearly 3 years

of survival in the rate of increase over the study period.

Over the previous three decades, Amhara had also successfully reduced infant, under - five,

and child mortality rates, as had been the case throughout the nation and in the other

regions. Compared to Ethiopia, where there were 32.68 infant, 60.15 under - five, and 28.3

child deaths per 1000 live births, it had 35.29 infant deaths, 64.27 under - five deaths,

and 62.96 child deaths. There was a significant disparity in child mortality rates between

Ethiopia and Amhara, with Ethiopia having 28.3 deaths per 1000, and Amhara having

62.96 deaths per 1000. However, the reductions in infant and under - five deaths had been

nearly equal.
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The mortality rates for infants and children under five were higher in Amhara than in Afar.

Afar had rates of 28.06 and 53.17 per 1000 respectively, compared to 35.29 and 64.27 per

1000 in Amhara.

It is peculiar that the infant and under - five children mortality rates in Tigray were 23.09

and 45.43 per 1000, respectively, while Amhara’s were 35.29 and 64.27 per 1000. This

indicates that Tigray was performing better than its neighbor, Amhara. To determine

whether these differences were caused by erroneous data reports or actual differences on

the ground, more research is required.

Given below is a figure that was extracted from the 2019 Ethiopian Demographic and

Health Mini Survey solely for the purpose of visualizing and contrasting data from various

sources with the output of the Brass’ logit model used in this investigation.

Figure 26: IMRs and U5MRs of Ethiopia based on the 2019 mini survey

Source: (Ephi, 2021)

5.2 Comparative analysis of mortality trends across the regional

states and between the sexes of Ethiopia

While the life expectancy at birth for males had shown a 38.21% increase over the whole

course of the three decades from 46.205 years in 1990 to 63.858 years in 2019, the percentage
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increase of females had been only 27% increase from 53.911 years in 1990 to 68.349 years

in 2019.

Addis Ababa, Tigray, and Gambella with life expectancies of 69.483, 67.539, and 67.106

years respectively were generally the three top regional states in 2019, while Benshangul

- Gumuz, Somali, and Amhara with life expectancies of 64.185, 65.220, and 65.677 years

respectively were the lowest three.

5.3 Decomposing and measuring the change in life expectancies

of Ethiopia and its regional states age - wise: 1990 - 2019

Through an analysis of the age - wise distribution of life expectancies in Ethiopia and

its regional states between 1990 and 2019, the Arriaga method was used to measure the

relative contribution of each age group to the overall change in life expectancy at birth of

the country and its regions.

The results show that between 1990 and 2019, life expectancy rose in Ethiopia and all of its

regional states. Decreases in infant, child, and adult mortality rates were all contributing

factors to this. The age - specific contributions to life expectancy indicated that the

reductions in infant mortality were responsible for the largest contributions.
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5.3.1 Decomposition of changes in Life Expectancy at Birth of Ethiopia

Table 26: LEB decomposition of Ethiopia for both sexes: 1990 - 2019
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Table 27: LEB decomposition of Ethiopia for males: 1990 - 2019
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Table 28: LEB decomposition of Ethiopia for females: 1990 - 2019

Identifying specific age groups driving changes in Life Expectancy at Birth

After breaking down the life expectancy at birth of Ethiopia by age and sex from 1990

to 2019, it was feasible to identify the age groups experiencing the biggest increases and

decreases. Consequently, infants accounted for a quarter of all life expectancy at birth

gains in the overall population as well as in the male and female populations.

Typically, children under five years old accounted for over half, or 52%, of Ethiopia’s over-

all increase in life expectancy over the previous thirty years. This may imply, albeit not

definitively, that infants were successfully treated with medical interventions.

Decomposition of life expectancy, however, also reveals indicators that, while seemingly

appropriate, are discovered entangled with other indicators.

Revealing the life expectancy contributions by effect of each age group

It was discovered that infants contributed 26.9% of the 16.977 years of life expectancy

gained for the Ethiopian population overall between 1990 and 2019; however, of this 26.9%

contribution, 26.5% resulted from the “other effect” and only 2.3% from direct effect.
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Thus, rather than the direct intervention effect on infants, certain associated effects with

healthy conditions favoring infants played a more substantial role in improving the health

outcomes of the infants, thereby enabling the highest gain in life expectancy.

Interpreting the increased “other effect” obtained in the breakdown of the 1990

to 2019 Ethiopian life expectancy

In every age group and for both sexes, it was discovered that the other effects had been

greater than the direct effects. This emphasizes how significant broad - based behavioral,

environmental, and social determinants are to health. This could imply that concentrat-

ing only on direct health interventions might not be enough to optimize increases in life

expectancy. Investing in these broader facets of population health and well - being may

yield even greater improvements in longevity and health.

Important considerations to bear in mind with the “direct” and “other” ef-

fects

Even though the “other effects” accounted for the majority of the increases in life ex-

pectancy, they were not specifically named because the factors that contribute to them

can change based on the analysis’s context and data. This study limited its content scope

by only analyzing the age breakdown of the increases in Ethiopian life expectancy over

a thirty - year period. This prevented it from identifying the key drivers contributing to

improved health outcomes or analyzing the precise composition of the “other factors”.

Even though a higher value for “other effects” might indicate a positive impact, a more

thorough investigation is required to determine the causal relationships and possible me-

diating factors.
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5.3.2 Decomposition of changes in Life Expectancy at Birth of the regional

state of Tigray

Table 29: LEB decomposition of Tigray for both sexes: 1990 - 2019

In Tigray, the average life expectancy for the general population has increased by 16.2 years

over the last thirty years, with infants accounting for 4.9 of those extra years. Nonetheless,

“other effects” were responsible for 98% of this increase in life expectancy.

Because age groups are influenced by the mortality experiences of their adjacent groups,

working on indirect infant health determining factors is therefore very beneficial to society

as a whole. Preserving newborns’ lives also preserves children’s lives, which in turn pre-

serves the lives of the young, and so on, improving overall health and longevity.

The model’s results demonstrate that improvements in life expectancy were made across

all age groups, with infats making the largest contribution. However, the results of the

“other effect” contradict the mortality perspective, which holds that “A generation carries

its own mortality with it”. Had that been the case, the high infant survival rates would
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have been noted in the other age groups as well, but as age increases, the survival curves

slope downward. Once more, generations are not leaving their positive experiences with

mortality from their early years behind; instead, they are taking their survivals with them

to certain age groups and dropping them in others.

On the other hand, protecting infants also protects other age groups; however, infants were

protected more through “other effect” than through direct effect; which means, other age

groups were best suited to save infants. This implies that not saving infants is meant not

saving other age groups.
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Table 30: LEB decomposition of Tigray for males: 1990 - 2019

The contributions of life expectancy to the overall changes over the last thirty years have

been similar for both sexes and all regional states, with infants and children under - five

making the largest contributions to the gains. According to these patterns, the infants in

the Tigrayan male population contributed 4.7 years of the 15.9 years of total change, with

nearly all of these contributions coming from “other effects.”
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Table 31: LEB decomposition of Tigray for females: 1990 - 2019

With 53% of the total age contribution gained from under five children, females in Tigray

added 12.5 years to the overall increase in life expectancy. The adult age group contributed

nearly uniformly to the “other effect”, according to the life expectancy at birth decompo-

sition results, while the older age group contributed negatively to the direct effect and no

age to the “other effect”.
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5.4 Comparison of results of decomposition of changes in LEB

of Ethiopia and its regional states: 1990 - 2019

Figure 27: Age Vs Ethiopia’s relative age group contributions to LEB: 1990 - 2019

Over 25% and 50%, respectively, of the variations in Ethiopia’s life expectancy by age

group were ascribed to newborns and children under - five in the general population. In

the age range of 5 to 60 years, the combined contributions of males, females, and both

sexes were almost equal, although the combined contributions of infants of both sexes were

slightly higher than those of males and females.
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Figure 28: Age Vs Tigray’s relative age group contributions to LEB: 1990 - 2019

In Tigray, female infants outperformed both the general infant population and male infants

in terms of contribution, in contrast to the pattern seen in the early stages of the Ethiopian

population, when the combined population of both sexes contributed the most.

Dividing the population into three age groups 0 – 14, 15 – 60, and 60+ for relative com-

parison purposes, it is clear that the first age group, which includes those in the 0 – 14

age range, was the largest contributor to the overall increase. This implies a significant

improvement in relative child survival as well as a significant relative drop in infant mor-

tality.

While not as well as the first group, the second group, which consists of adults in the

working age range, nevertheless made a significant number of years’ worth of contributions

to the overall change. This suggests that there have been some progress made in lowering

the death rate among adults in their working years.

The 60+ age group showed no contributions, or at worst, negative contributions. This

highlights how little attention has been paid to treating medical conditions and raising the

chances of survival for older adults in the regional state of Tigray.
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Figure 29: Age Vs Somali’s relative age group contributions to LEB: 1990 - 2019

A few departures from the national and other regional states’ behaviors have been identified

by the relative age group life expectancy contribution of Somalia to the overall gains in

life expectancy at birth over the course of thirty years.

During the study period, life expectancy at birth increased by at least 15 years in the

country and all its regional states except Addis Ababa; however, this region only saw

increases of 9 years, 8.8 years, and 7.1 years for the general, male, and female populations,

respectively.

With its average life expectancy at birth, Somali was superior to the entire nation and all

other regions prior to the last thirty years, with the exception of Addis Ababa. Its life

expectancy was 56.189 years, compared to 49.259 years for the entire nation.

Therefore, one obvious explanation for this delay is that, initially, this region had a higher

life expectancy at birth than the country and all other regions - apart from Addis Ababa

- and it may have been challenging to achieve further improvements.

The trend over the past thirty years in the country has been 1.77 years of survival for each

year of improvement in life expectancy on average. Given its 6.93 - year life expectancy

at birth advantage over the nation, Somali had 12.3 years of survival ahead of it in the

beginning, assuming approximately that was the trend prior to 1990 as well.

The country’s life expectancy at birth is currently one year higher than Somali’s, indicating

that the latter had stagnated until being surpassed by 12.3 + 1.77 = 14 years.
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Figure 30: Age Vs Gambella’s relative age group contributions to LEB: 1990 - 2019

Gambella had equal general population and female population relative life expectacy con-

tributions to the overall increase of life expectancy at birth over the past three decades

almost in the entire age groups. This sets the area apart from other regions where females

have been the primary drivers of the overall change in life expectancy at birth, especially

in the under - five and infant age groups.
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Figure 31: Age Vs Addis Ababa’s relative age group contributions to LEB: 1990 - 2019

The relative age group life expectancy contribution of Addis Ababa to the overall gains

in life expectancy over the course of thirty years has revealed some deviations from the

national and other regional states’ behaviors, but Somali.

Firstly, the total gain in life expectancy at birth for the overall population in the period

1990 to 2019 was only 7.5 years while that of the other regional states varied from 15.2

years in Afar to 19.3 years in Benshangul - Gumuz and while the national average has been

16.977 years.

Secondly, the under - five children alone contributed 5.1 years of the total 7.5 years, or

68% of the total gain.

Thirdly, the 60+ age group completely had a negative contribution to the total change in

life expectancy at birth.

Possible explanations for these anomalous findings include the following: either Addis

Abeba was accustomed to disclosing population mortality data without manipulation, so

the findings are accurate, or the city was fortunate from the start and found it difficult

to attain better results than it did. The second argument, nevertheless, seems plausible

given that Addis Ababa has been leading the country in terms of overall population life

expectancy of 69.483 years, while the national average has been determined to be 66.236

years. However, the results indicate that there have been serious issues with treating the
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elderly population healthily and lowering the associated mortality.
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6 Ensuring Validity and Generalizabilty of the model

developed

6.1 Assessing truthfulness of the results of the model

6.1.1 Goodness of fit

The goodness of fit of a mortality model is generally used to check if the model accurately

reflects the underlying mortality patterns and if the estimated life tables are dependable.

The Brass logit model’s advantage over the other existing model life tables, as well ex-

plained in the monograph’s body, is that it has two flexible parameters α and β that

enable one check the goodness of fit of the model when some observed incomplete or frag-

mentary data are used in the construction.

In this instance, the absence of observed mortality data in Ethiopia makes it difficult to

evaluate the model’s goodness of fit directly, which is why the model had to be created.

However, to ensure the reliability of this model the following indirect techniques were

carried out:

(1) A significant amount of the data variation was explained by the trend lines and R2

measures created in the analysis section, which showed a good fit of the data points

in straight lines.

(2) The judgment of experts, or the subject matter expertise of the study’s leaders, was

taken into account as external proof that the model’s results were accurate.

6.1.2 Comparisons with World data

When the outcomes of this model were compared to those of the World Health Organiza-

tion and the United Nations, two of the most respectable organizations in the world, they

showed a fair amount of agreement.

The WHO’s 2023 life expectancy results for Ethiopia were 66.236 for both sexes, 63.858

for males, and 68.349 for females (https://www.worldometers.info/demographics/life ex-

pectancy/, 2023).
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Whereas the model’s 2019 results had been 66.65 years for both sexes, 63.73 years for

males, and 69.75 years for females.

6.2 Bias and Confounding

It is possible that a number of factors added bias and confounding to the Brass’ logit model

that was created for Ethiopia.

Data quality: The caliber of the underlying data has a major impact on the model’s ac-

curacy. In Ethiopia, the contentious issue has not been the caliber of the data but rather

its very existence. It makes sense to admit, then, that this component might have had a

significant impact on the model’s quality.

Model assumptions: The survival probability functions’ linearity is one of the assump-

tions made by the Brass’ logit model, which is not always true. As a result, the assumptions’

limitations have also been the limitations of this work.

Selection bias: This model may not reflect specific subpopulations such as migrants and

internally displaced persons.

Confounding factors: Death rates are influenced by a variety of factors, including so-

cioeconomic status, access to healthcare, place of residence, political stability, and many

more. These factors can be challenging to include in the model, which reduces its inclu-

sivity.

Therefore, it is crucial to see the life table as a tool for comprehending mortality patterns

rather than as a final depiction of reality for this reason.

6.3 Possibility of inferring finding to the other settings

The possibility of inferring the results of the model life tables to other settings depends on

several factors such as similarities between settings, data availability, and model adapta-

tion.
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6.3.1 Similarities between settings

When the target setting and the original setting where the model was developed have sim-

ilar characteristics, the results’ transferability increases. This includes:

Mortality levels: There is a greater chance that the model will work in environments

with comparable death rates.

Age patterns of mortality: There is a greater chance that the model will work in envi-

ronments with comparable death rates.

Socioeconomic and demographic factors: When the social, economic, and demo-

graphic characteristics of the populations are similar, the accuracy of the model increases.

6.3.2 Data availability

For the model to be applied and modified, data in the target setting must be available.

This includes:

Poppulation size and age distribution data: Age specific population data is needed

to construct the model based life tables.

Mortality data: age - specific death data are required to estimate the model parameters.

Covariates : Additional information on pertinent variables such as education, income, or

health improves the accuracy of the model.

6.3.3 Model adaptation

It might be necessary to modify Brass’ logit model to fit the particulars of the target setting

on the basis of:

Adjusting model parameters : The characteristics of the target population may require

adjusting the model’s parameters, including the scaling factor and reference life table.

Incorporating additional information: The model’s accuracy can be increased by

adding more data, such as statistics on the causes of deaths or details on particular risk

factors.
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6.3.4 Validation

Using the available data, it is crucial to validate the model’s performance in the target

setting. This entails evaluating the model’s goodness of fit by contrasting the life tables

produced by the model with observed mortality trends.

6.4 Implications of the study

Policy: inform resource allocation, monitor progress towards development, evaluate the

impact of interventions, and so on.

Public health: identify high risk populations, develop targetted interventions, monitor

disease trends.

Academia: improve understanding of mortality patterns, develop and refine demographic

models, stimulate further research.

Practice: guide actuarial calculations, inform pension planning, support infrastructure

and development scheme planning.

6.5 Validity

6.5.1 Data quality

The quality of the input data has a major impact on the model’s developed accuracy as

well as the estimated demographic indicators. One method to make sure the data is valid

is to use high - quality sources. Thus, this study made use of data from the Global Burden

of Disease Study and the United Nations, which are thought to be among the best data

sources available.

6.5.2 Model selection

With the understanding that it also best fits the mortality pattern seen in Ethiopia, a

variation of Brass’ logit model that fits the population of Sub - Saharan Africa was chosen.

Before the model was constructed, an Ethiopian standard base data set was obtained in

order to avoid relying solely on that of Sub - Saharan Africa. These processes then served

as evidence that the comparatively superior model was selected.
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6.5.3 Internal consistency

The estimated life table functions were analyzed across different age groups, different

regions, different time periods, and across the sexes. Accordingly, the following results

were observed:

(1) Survival probabilities (lx) typically decline with age, reflecting expected patterns of

mortality.

(2) Age - related increases in death probabilities (qx) are consistent with the model’s

findings of higher mortality rates at older ages.

(3) According to the model, Ethiopia’s 2019 life expectancy at birth is 66.236 years, which

is quite similar to the country’s actual life expectancy of 66.6 years, as reported by

the United Nations (Leong et al., 2018).

(4) Life expectancies at different ages (ex) decrease with age but the rate of decrease is

not constant, reflecting changes in mortality patterns across different age groups.

The life table functions derived from the estimated model demonstrate internal consistency

and have reasonable values for various age groups. This implies that the Brass’ logit model,

which was created for this study, successfully captures the underlying patterns of mortality

in the data and offers a trustworthy foundation for estimating abridged life tables.

6.5.4 Comparing results with standard global estimates

The model’s outputs could be compared and contrasted with estimates from reliable inter-

national organizations to externally validate them, despite the fact that it was not feasible

to directly observe mortality trends in the Ethiopian context and draw conclusions from

them. Therefore, the following comparisons were made and the outputs of the model

showed close proximities with the global results collected from the United Nations Inter -

Agency Group for Child Mortality Estimation (IGME, 2024).

U5MR comparisons

In 2019, Ethiopia’s global U5MR results were 42.72, 52.06, and 63.48, respectively, for

the lower, median, and upper categories. The model produced an output of 60.15. The
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close relationship between the model’s output and the upper global result suggests that

the model’s results are conclusive at their best.

IMR comparisons

The lower, median, and upper global IMR values for Ethiopia in 2019 were estimated to

be 31.83, 37.31, and 43.85 respectively. The model’s output, 32.68, again showed a good

indication that the results were acceptable, coming very close to the lower global estimate.

6.6 Generalizability

6.6.1 Spatial variation

The results of the development of region - specific model - based abridged life tables and

the use of geographically categorized data have demonstrated comparatively consistent

mortality patterns, as has the aggregated national data.

6.6.2 Model intercomparison

Similar patterns emerged when the national model - based abridged life tables and the

model - based abridged life tables of the regional states were compared. Consequently, this

is a positive sign for the model’s generalizability.

6.6.3 Sociodemographic characterstics

Examining differences in death trends between age and sex sociodemographic characters

allowed for the inclusion of group behavior in the model and, consequently, improved

generalizability by exhibiting similar trends in mortality patterns and in life expectancy

variations.
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7 Strengths and limitations

7.0.1 Methodological strengths

Flexibility: Many different types of data sources, including erroneous or incomplete data,

can be used with Brass’ logit model. For Ethiopia, which lacks a vital registration system,

this is especially pertinent.

Goodness of fit for developing countries: Since the Brass’ logit model was developed

specifically for these kinds of high mortality populations, Ethiopian populations make an

excellent fit for it.

Detailed age patterns: With the help of the model, which generates condensed life ta-

bles containing comprehensive data on age - specific mortality trends, interventions can be

more precisely targeted and vulnerable populations can be identified.

Widely used and accepted: The Brass’ logit model is a popular and recognized tech-

nique for creating life tables and facilitates cross - national comparison of study outcomes.

7.0.2 Methodological challenges

Data quality: The quality of the underlying data determines how accurate life tables

are. There are no functioning vital registration systems in Ethiopia, and census data are

also unreliable. Despite the smoothing and adjustment techniques made to them, the data

used in this study were susceptible to all the drawbacks of secondary data.

Model assumptions: A number of population assumptions, including the absence of

migration and long - term stable mortality patterns, are made by this model. However,

these presumptions might not be applicable in every situation.

Sensitivity to parameter selection: The model’s results can be sensitive to the choice

of parameters, such as the reference life table and the number of age groups used.
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8 Conclusions

Using data from the Global Burden of Disease Study 2019 and the United Nations World

Population Prospects 2022, a system of Brass’ logit model life tables was created for

Ethiopia. The development and analysis of the model allowed for the accomplishment

of several important goals, such as:

Infant, Under - 5, and Child mortality Rates

The model results showed that Ethiopia’s healthcare system made notable strides in gen-

eral between 1990 and 2019. With a 7.7% increase in the likelihood of survival at birth,

life expectancy increased by 16.977 years, from 49.259 to 66.236 years. Between 1990 and

2019, the rate of infant mortality decreased by 69.5%, from 107.19 per thousand live births

to 32.68. Ethiopia has achieved a noteworthy decrease in under - five mortality rate over

the past few decades, going from 179.33 per 1000 live births in 1990 to 60.15 in 2019. This

represents a remarkable 66% decline in 30 years.

Male and female child mortality rates were 30.48 and 28.65, respectively. The child mor-

tality rate (CMR) reveals a sex disparity of 1.83 deaths per 1000 live births, with males

continuing to have a higher mortality rate. Comparisons of IMRs, U5MRs, and CMRs

have shown a small to moderate sex disparity in mortality rates, with males having a 16%

to 6% higher risk of dying than females.

Comparative analysis of mortality trends

Over the previous thirty years, infant mortality rates have improved significantly, with an

average percentage change of −72.96% across all regions. The difference in life expectancy

at birth based on sex decreased significantly from 7.706 years in 1990 to 4.491 years in 2019.

In 1990, the average under - five death rate for all regions was 175.05, but in 2019 it was

57.69, representing a reduction of over 67%. Over the past thirty years the average change

in U5MR of the regions has been 117.36. Addis Ababa and Benshangul - Gumuz have

been operating at rates significantly lower than this average value, while Tigray, Amhara,

Harari, and Diredawa were operating at rates that were almost identical to it.

IMRs ranged from 12.88 deaths per 1000 live births in Addis Ababa to 43.94 in Benshangul

- Gumuz. U5MRs also exhibited sizeable variations among the regional states with the

lowest in Addis Ababa (28.16 deaths per 1000 live births) and the highest rates in Ben-

shangul - Gumuz (77.32 deaths per 1000 live births).

117



Life Expectancy Decompositions

All regional states made significant contributions to the overall transformation in life ex-

pectancy of the nation, but Addis Ababa, Tigray, Benshangul - Gumuz, and Somali were

among the lowest and the highest contributors with contributions of 7.536, 16.2, 9.0, and

19.3 years, respectively.

Of the total 16.977 years of improvement in life expectancy for both sexes combined in

Ethiopia over the period of thirty years, an amount of 8.9 years that stands for over 50%

of the total improvement was contributed by the age groups of 0 - 5, an indication that

the country worked hard to reduce child mortality.

In all age groups across all regions and between the sexes, the indirect effect and the inter-

action effect together, regardless of their overall magnitudes, significantly influenced the

change in life expectancy at birth more than the direct effect did. One implication of this is

that it is not enough to focus on interventions that directly target the exposure of interest

to increase life expectancy but is necessary to consider the interventions that target the

indirect and the interaction effects also.

Overall, this dissertation work provides insightful information about how mortality is

changing in various populations and geographical areas. Policy makers and public health

officials need this information in their efforts to improve health outcomes and lower mor-

tality. The development of the model offers a reliable tool for mortality analysis, the

estimation of abridged life tables fortifies the country’s mortality database, and the study

of childhood mortality rates yields vital information.

This dissertation work has faced several challenges, including a lack of trustworthy re-

lated data and the fact that different sources have given different details of the same issue.

Hence, this result acknowledges potential limitations even though every effort has been

made to ensure it is free of unjustified errors.
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9 Recommendations

In order to estimate regional abridged life tables, this dissertation work had created a new

mortality analysis tool for Ethiopia. It then broke down life expectancies by age and came

to some conclusions. However, because these findings only address specific areas of con-

cern, their scope has been limited. Then, in order to inform stakeholders and help them

complement this work, implement the findings, and extend it further, some recommenda-

tions were sent.

Operational recommendations

This dissertation work suggests that enhancing partnerships, ensuring culturally relevant

and appropriate interventions for community engagement, and improving healthcare ser-

vice delivery be put to the best use to reduce mortality rates further and translate them

into life expectancy gains. Training and capacity building for researchers and policy mak-

ers along with Expanding and Localizing the model are also important.

Policy recommendations

It is advisable to implement universal health coverage programs that guarantee everyone

has access to high - quality, affordable health care services, irrespective of their financial

situation or social standing. This will improve health outcomes and lower mortality rates

for all age groups, thereby improving life expectancy and well being in life. To lessen

socioeconomic disparities in health and mortality, it is also advisable to prioritize public

health interventions and strengthen social safety nets to offer monetary and social support

to the underprivileged populations. It is also worthwhile that Health and Demographic

Surveillance (HDSS) and functional vital registration Systems be established nation wide

with proper representative branches in the regional states to facilitate comprehensive data

collection for further analysis of population issues. Policy makers are also advised that they

use Model Life Table results along with that of censuses and surveys. Besides, Integrating

the model into Health planning and Collaborating with stakeholders to ensure the model

integrates into health systems and research frameworks are also advisable.

Scientific recommendations

It is recommended that age - specific interventions take center stage. In order to ensure

accurate and trustworthy data on mortality trends with the establishment of database

centers, it is also advisable to strengthen data collection systems and invest in robust sta-
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tistical analysis. Updating the model with new data and validating it against other models,

and Methodological improvements - such as Exploring modifications and Calibrations are

also necessary points that this study suggest be carried out.
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moyennes. Population (french edition), pages 766–770.

Preston, S. H., P. H. and Guillot, M. (2001). Demography, measuring and modeling

population process.

Preston, S. (2000). Demography: Measuring and modeling population processes. (No

Title).

Punch, K. (2000). Developing effective research proposals. Sage.

Ranjit, K. (2011). Research methodology: A step-by-step guide for beginners.

Rau, R. (2013). Jacob s. siegel: The demography and epidemiology of human health and

aging: Springer, 2012.

Rehman, A. A. and Alharthi, K. (2016). An introduction to research paradigms. Interna-

tional Journal of Educational Investigations, 3(8):51–59.

128



Robbins, D. (2008). Understanding research methods: A guide for the public and nonprofit

manager. CRC Press.
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Appendices

Main and Supplementary data sources

POP/DB/WPP/Revenue.2022/MORT/F07 − 1.

https : //journals.plos.org/globalpublichealth/article?id = 10.1371/journal.pgph.0001471.

Estimated abridged life tables for Ethiopia and its regional states

Table 32: Abridged life tables for Ethiopia, 1990
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Table 33: Abridged life tables for Tigray, 1990

Table 34: Abridged life tables for Afar, 1990
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Table 35: Abridged life tables for Amhara, 1990

Table 36: Abridged life tables for Oromia, 1990
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Table 37: Abridged life tables for Somali, 1990

Table 38: Abridged life tables for Benshangul - Gumuz, 1990
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Table 39: Abridged life tables for SNNRP*, 1990

Table 40: Abridged life tables for Gambella, 1990
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Table 41: Abridged life tables for Harari, 1990

Table 42: Abridged life tables for Dire Dawa, 1990
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Table 43: Abridged life tables for Addis Ababa, 1990

Table 44: Abridged life tables for Ethiopia, 2019
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Table 45: Abridged life tables for Tigray, 2019

Table 46: Abridged life tables for Afar, 2019

138



Table 47: Abridged life tables for Amhara, 2019

Table 48: Abridged life tables for Oromia, 2019
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Table 49: Abridged life tables for Somali, 2019

Table 50: Abridged life tables for Benshangul - Gumuz, 2019
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Table 51: Abridged life tables for SNNRP*, 2019

Table 52: Abridged life tables for Gambella, 2019
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Table 53: Abridged life tables for Harari, 2019

Table 54: Abridged life tables for Dire Dawa, 2019
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Table 55: Abridged life tables for Addis Ababa, 2019
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LEB decomposition results for Ethiopia and its regional states

Figure 32: LEB decomposition result of Ethiopia: 1990 - 2019

Figure 33: Age Vs LEB decomposition result of Tigray: 1990 - 2019
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Figure 34: Age Vs LEB decomposition result of Afar: 1990 - 2019

Figure 35: Age Vs LEB decomposition result of Amhara: 1990 - 2019

145



Figure 36: Age Vs LEB decomposition result of Oromia: 1990 - 2019

Figure 37: Age Vs LEB decomposition result of Somali: 1990 - 2019
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Figure 38: Age Vs LEB decomposition result of Benshangul - Gumuz: 1990 - 2019

Figure 39: Age Vs LEB decomposition result of SNNRP*: 1990 - 2019
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Figure 40: Age Vs LEB decomposition result of Gambella: 1990 - 2019

Figure 41: Age Vs LEB decomposition result of Harari: 1990 - 2019
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Figure 42: Age Vs LEB decomposition result of Dire Dawa: 1990 - 2019

Figure 43: Age Vs LEB decomposition result of Addis Ababa: 1990 - 2019
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Developing a system of model life tables for Ethiopia to improve mortality

analysis: A Brass’ logit approach

Hailay Mebrahtom Gebreegziabiher1, Kinfe Abraha Gebre-Egziabiher2, Girmatsion Fis-

seha3

1, 2: Institute of Population Studies, Mekelle University, Tigray, Ethiopia

3: College of Health Sciences, Mekelle University, Tigray, Ethiopia

Abstract

This study aimed to develop a system of Brass’ logit model life tables for Ethiopia to en-

hance mortality analysis. Data were taken from the UN and the Global Burden of Disease

Study 2019. The results showed that Ethiopia’s healthcare system made notable strides in

general between 1990 and 2019. With 7.7% increase in the likelihood of survival at birth,

life expectancy increased by 16.977 years. Infant and under five mortality rates (IMRs and

U5MRs) decreased by 69.5% and 66% respectively. Among the regions, IMRs ranged from

12.88 in Addis Ababa to 43.94 in Benshangul - Gumuz. U5MRs also exhibited sizeable

variations among the regional states with the lowest in Addis Ababa (28.16) and the highest

in Benshangul - Gumuz (77.32). The substantial increase in life expectancy was primarily

driven by the declining mortality among infants and under five children. Although overall

survival in Ethiopia has improved over the past three decades, more work is still needed to

further reduce mortality, meet the global average to the lowest possible level, and achieve

the global Sustainable Development Goals to the greatest extent possible.

Key words: Brass’ logit model, Ethiopia, Life expectancy, Life table, Survival probability
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Comparative Analysis of Mortality Trends and Life Expectancies in Ethiopia:

Insights from Model – Based Abridged Life Tables over 1990 - 2019

Hailay Mebrahtom Gebreegziabiher1, Kinfe Abraha Gebre-Egziabiher2, Girmatsion Fis-

seha3

1, 2: Institute of Population Studies, Mekelle University, Tigray, Ethiopia

3: College of Health Sciences, Mekelle University, Tigray, Ethiopia

Abstract

Essential information regarding population dynamics and health outcomes can be obtained

from life tables. Directly creating abridged life tables is not feasible in Ethiopia due to the

absence of accurate and current mortality data. Therefore, a useful substitute for estimat-

ing mortality experiences is to use model-based abridged life tables. The purpose of this

study was to estimate the mortality experience of Ethiopia’s regional states by creating

model-based abridged life tables. We used information from the Global Burden of Disease

Study 2019 and the United Nations World Population Prospects 2022 web source. The

abridged life tables were produced using the UN Population Division’s MORTPAK LITE

software and Brass’ logit method. The findings indicated that during the previous three

decades, life expectancy at birth had significantly increased in all regional states, and age-

specific mortality rates had dropped for both sexes and all age groups. The study came to

the conclusion that disparities in mortality patterns still exist among the regions and that

they will take decades to catch up to the current global average life expectancy standard

of 73 years.

Key words: Brass’ logit method, Ethiopia, Model based abridged life tables, Life ex-

pectancy
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Decomposing and Measuring the Change in Life Expectancies of Ethiopia and

Its Regional States Age - Wise: 1990 – 2019

Hailay Mebrahtom Gebreegziabiher1, Kinfe Abraha Gebre-Egziabiher2, Girmatsion Fis-

seha3

1, 2: Institute of Population Studies, Mekelle University, Tigray, Ethiopia

3: College of Health Sciences, Mekelle University, Tigray, Ethiopia

Abstract

This study aimed to break down the life expectancies of Ethiopia and its regional states

age wise, and to evaluate the relative contributions of different age groups, regions, and

effect types. Data were collected from the UN-World Population Prospects 2022 online

source and the Global Burden of Disease Study 2019 and a system of Brass’ logit model

life tables that allowed for the estimation of abridged life tables and the subsequent ex-

traction of life expectancies was built. Consequently, Arriaga method was used to break

down the life expectancies age-wise into direct and other effects over 1990-2019. Results

revealed life expectancy in Ethiopia rose by 16.977 years from 49.3 years in 1990 to 66.2 in

2019. Of the types of effect, the other effect, and of the age groups, infants and under five

children, were the primary positive contributors to this increase. Regionally, no significant

contribution differences were observed but Addis Ababa exhibited a negative other effect

contribution in the old ages. Direct effect contribution was negligible in the 0 - 4 age group

warns that improvements in life expectancy were due to indirect and interaction effects

and thus further intervention is required to achieve direct effect improvements.

Key words: Arriaga method, Ethiopia, Life Expectancy decomposition, Life Expectancy

at Birth
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Uneven contributions to life expectancy gains in Ethiopia: The dominant role

of “Other Effect” and the limiting impact of old age groups

Hailay Mebrahtom Gebreegziabiher1, Kinfe Abraha Gebre-Egziabiher2, Girmatsion Fis-

seha3

1, 2: Institute of Population Studies, Mekelle University, Tigray, Ethiopia

3: College of Health Sciences, Mekelle University, Tigray, Ethiopia

Abstract

This study investigates the contributions of different age groups to changes in life ex-

pectancy at birth in Ethiopia and its regional states over a period of thirty years. Using

the Arriaga decomposition method, we separated the contributions of direct and other

effects analyzing the role of old age groups. Our analysis revealed that while overall life

expectancy has increased, old age groups contributed minimally, and in many cases even

negatively to the overall increase in life expectancy and to the other effect component as

well. Conversely, other effect, primarily reflecting changes in mortality patterns across all

ages, emerge as the dominant driver of life expectancy gains. This suggests that improve-

ments in life expectancy in Ethiopia in the period 1990 – 2019 were primarily driven by

factors affecting younger age groups and not significant gains in longevity at older ages.

Our findings highlight the need for targeted interventions addressing mortality across all

age groups and aimed at improving health outcomes for older adults. Regionally, no signif-

icant contribution differences were observed but Addis Ababa exhibited a negative other

effect contribution in the old ages.

Key words: Arriaga method, Ethiopia, Life Expectancy decomposition
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Order of the Regional States of Ethiopia as used in

this material

1. Tigray

2. Afar

3. Amhara

4. Oromia

5. Somali

6. Benshangul Gumuz

7. SNNRP

8. Gambella

9. Harari

10. Addis Ababa

11. Dire Dawa
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