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3.1 INTRODUCTION

The life table, also called the mortality table, is a statistical tool used by
actuaries, demographers, public health workers, and many others to show the
death experience of a population as a whole in a way that makes it possible to
answer questions like:

What is the probability that a 30-year-old man will live to be 70 and retire, or
that his 28-year-old wife will live longer than him?

How many years on average do women who have just turned 25 still have left
in their lives?

What fraction of babies born in the year 1980 will still be alive in the year
2000?

How many of them will survive till their 70th birthday? How many will die
before reaching their first birthday?

After you have read the unit you should be able to

1) Describe the different approaches used in Life table construction
and their use

i1) Explain application of each column of life table
iii) Explain role of life table to compare the structure of population

iv) Describe the application in lifetable specially on actuarial sciences



3.2 DIFFERENT APPROACHES USED IN LIFE
TABLE

There are different types of life table used to study population through
different approach and they have their wide applicability. Cohort or
Generation Life Table, and Period Life Table (Namboodiri & Suchindran,
2013).

A cohort, or generation, life table is based on or represents the mortality
experience of a group of individuals born within a short time period,
generally one year. Cohort life tables constructed only from data on
population experience are incredibly uncommon due to the requirement for
data of constant quality over a very long period of time. On the other hand,
cohort tables, which show death rates from a series of period tables for prior
years, forecasts of future mortality, or a combination of the two, are simple to
produce. For mortality is expected to change over time and when examining
generational trends in mortality, such tables are preferable to period tables for
population projections into the future.

A period life table is based on or represents the mortality experience of a
population as a whole during a specific period of time, often one to three
years. Life tables directly based on population data are often produced as
period life tables since mortality and population statistics are most easily
accessible on a time period basis. These tables are helpful for researching
changes in mortality rates over time in a population. The obtained rates will
be more uniformly representative of the entire period if the experience
research is limited to short time frames.

Members of life table experience a number of life experiences. Life
experiences is measured in life table by the time spent by an individual as a
member of the cohort. If there is a life table of unmarried individuals, the
individual leaves a marriage cohort by termination of marriage, then the life
experience is measured by the duration of marriage at the time of termination.
Marriage is a single attrition factor experienced by individuals of the cohort
that make them no longer eligible to be members of the cohort. In the same
way, if life table of unmarried individuals, individual leaves the cohort by
death of individual. Mortality is the single attrition factor experienced by
individuals of the cohort that make them no longer part of the cohort. These
are the life experience of a cohort with single attrition which is known as
Single decrement life tables.

Fig 3.1. Schematic presentation of single decrement life table
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It is also clear that life tables that show the amount of death caused by a
single factor don't tell the whole story (e.g., mortality). There are also
multiple decrements, which means that more than one kind of attrition is
happening at the same time. A basic example of multiple decrement life table
is one that depicts how the population of single (never married) people
decreases over time due to mortality and marriage. Another example is a life
table, which depicts how decrease due to mortality occurs owing to various
causes of death. The different effects of attrition factors have been of
particular concern to those who have devised multiple-decrement life table
approaches. Therefore, in cause of death analyses using multiple-decrement
life tables, one might be interested in estimating the probability that a person
will eventually die from a particular cause or in the increase in the
expectation of life that results from the elimination of a particular cause of
death (Siegel & Olshansky, 2012). Both of these things can be accomplished
by using cause of death tables.

Fig 3.2. Schematic presentation of multiple decrement life table

Terminated due to

I Attrition Factor 2

Attrition Factor 1

Attrition Factor 3

On the one hand, registration statistics and censuses are the most important
sources of data for the building of multiple-decrement life tables. On the
other hand, follow-up studies are the most important source of data. For
instance, data on the attrition of singles due to mortality and marriage can be
collected, in many countries, from registration records and census
tabulations. These records and tabulations can be found. In addition, statistics
regarding the causes of death can be gathered from sources that deal with
registration. However, if one wishes to investigate the attrition of
contraceptives due to pregnancy as well as for medical and other causes of a
similar kind, the necessary data may need to be acquired through follow-up
studies or other methods that are analogous to these.

Check your progress 1
Note: (a) Write your answer in about 50 words.

(b) Check your answer with possible answers given at the end of the
unit.

1. What are the differences between a cohort and a period lifetable?



2. Define single decrement and multiple decrement life table with
appropriate example.

3.3 APPLICATION OF LIFE TABLE

The term "life table" can also be referred to as "table of life". This
methodology of life table studies was used to investigate the level of
mortality. However, this is not restricted to the probability of deaths of
humans; rather, it may be applied to the study of the fraction of the single
population that decreases with death as well as changes in the marital status
of individuals. Additionally, it is applicable to any and all electronic
applications as well as any other item with degrade with time. The different
use life table is discussed below.

3.3.1 Application of Different Column of Life Table

There are seven columns in life table. In the construction of life table if we
have age structure in first column in single year of life then it is called
Unabridged life table and if age are 5 year age group then it is called abridged
life table. The of use and application of different column of life table
discussed below:

Age Column- It shows the structure of the cohort or population in terms of
range. Like suppose there is a class of 100 students in class I. With period of
time some students failed in exam, some student’s dropout is also observed.
The age column represents the different class and further in same row the
structure of students represent through different column. Another example
let’s say, a work is given to 100 labour, they have to complete the work at the
earliest. But with the passage of time some worker left the work. In this case,
at place of age, we have number of days.

2Qx- In life table this column represents the probability of death. Here in our
example, in case of students this represent the probability of dropout or fail
i.e. how much proportion of student leave the class or failed in the exam. In
case of labour how much proportion of people leaving the work.

Iy- represent number of persons alive at the beginning of the age interval. In
our example, in case of students this represent the number of students present
in each class. In case of work, the total number of workers on that day.
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ndx- represent number of persons dying during the age interval. In our
example, in case of students this represent the total number of drop out and
failed students respective of different class. In case of work, the total number
of workers who left the work on that day.

Ly~ represent the total number of person-years in each age group for the
stationary population. Taking into account the distribution of deaths
throughout the year, it can be seen as the average population size between
birthdays. In our example, in case of students this represent the total number
of student-year in clsss. And in case of work, it represents the total number of
person-day in each age group.

Ty: This column specifies the stationary population in the selected age range
and all succeeding different age group. It is the summation of all Ly values.
It can be considered as the total number of person-years that a specific age
cohort would live if it continued through the remainder of the life table. In
our example, in case of students this represent the total number of student-
year continue their study in class. In the last row it will show only the total
number of students in class X. And in case of work, it represents the total
number of person-day in each age group continue to work. And on the last
day it will show the only those number of workers who work on the last day,
it shows the last person day.

In Ly and Tyrepresent a hypothetical stationary population in which there is
no migration. The population is considered stationary because the total
population and the number of people in each age interval do not change. In
our example of class there will no new admission taken into consideration.
And in case of completion of work there will no new worker will be hired.

ey~ is the last column which represent the average life time for a given age
group. In case of class, it indicates the average lifetime of a student started to
study from class I and further in other class represent their respective life
time of student from that class. And in case of completion of work, it
represents the average life of worker work from the first day and life time of
worker on subsequent days.

With the help of the two it can be understood easily and it can be seen
applied in different situation according to that their lifetime can be estimated.
This approach can be utilized in n number of examples by preparing their life
experiences.

3.3.2 Comparison of Structure of Population

Demographers are well aware of the fact that distinct population groups have
varying age patterns of mortality due to the fact that different age groups die
at different rates. As a result, Coale and Demeny (1966) identified four
distinct patterns by conducting an empirical study on a large number of life
tables. One pattern pertained to the countries of Northern Europe, one pattern



pertained to the countries of Southern Europe, one pattern pertained to the
countries of Eastern Europe, and one pattern pertained to the populations of
Western Europe and their overseas offshoots. On the basis of an analysis of
the association between age patterns of mortality and the cause-of-death
structure, Preston (1976) came to the conclusion that in addition to the four
patterns identified by Coale and Demeny, there exists at least one definite
non-Western pattern, almost exclusively pertaining to Latin American
countries. This conclusion was reached as a result of an examination of the
association between age patterns of mortality and the cause-of-death
structure. Others who have examined data from developing countries have
come to the conclusion that a number of age patterns of mortality that are
systematically different from those identified by Coale, Demeny, and Preston
do, in fact, prevail in modern populations.

Given that there may be more than one age pattern of mortality, the question
of how to determine whether or not these patterns are distinct from one
another inevitably emerges. Going beyond the death process and letting the
concept of survival time represent the duration in which a unit, such as an
individual, a nation, or business corporation, remains free from a specific
event such as marriage, mobility, promotion, going out of business, the
question posed above can be rephrased in a more general form as the
following: how does one test whether the survival functions underlying two
or more samples of survival times are similar? When comparing two or more
samples of survival times, formal statistical tests are not always necessary;
rather, all that is required is a visual study of the life table graphs, which will
disclose the tale. However, it is frequently difficult or even impossible to
determine whether the differences between two life table graphs reflect
meaningful differences or whether they are just the result of random
oscillations. Therefore, it is essential to have a working knowledge of the
statistical tests that can be utilized in the process of examining the patterns
that lie beneath two or more samples of survival periods.

3.3.3 Application in Actuarial Sciences

Actuarial science is a discipline that uses mathematical and statistical
techniques, which is a field that evaluates the potential for loss in the areas
of insurance and finance. Actuarial science is the use of mathematics,
namely probability and statistics, to the task of defining, analyzing, and
resolving the monetary implications of uncertain future events. In actuarial
science, a different form of actuarial life table is used that shows the
probability of person at certain age dying before their next birthday. It is
often used by life insurance firms in the process of calculating the remaining
life expectancy of individuals at various ages and stages, as well as the
likelihood of surviving a specific year of age. Since the rates of death
experienced by men and women are distinct from one another, an actuarial
life table must be prepared separately for each sexual identity.
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Insurers apply actuarial life tables to assist with product pricing and to
forecast future insured events. Actuarial life tables based on mathematics
and statistics serve insurance firms by displaying the possibilities of events
such as death, illness, accidents, and disability. A table of actuarial life can
also include elements that differentiate changeable hazards, such as
smoking, occupation, socioeconomic status, gambling, and debt load.
Computerized predictive modeling enables actuaries to calculate for a broad
range of scenarios and likely outcomes.

Both period and cohort life table is utilized in Actuarial sciences. The period
life table, also known as a static life table, depicts the mortality rates for a
certain time period and population. Therefore, it displays the current death
probability. Individuals in static life tables are supposed to be a stagnant
population with generations that overlap.

The other kind of actuarial life table is the cohort life table, often called a
generation life table. It is used to show the population's overall death rates
throughout the course of their whole life span. Since a cohort life table aims
to forecast any anticipated future change in death rates of a group, it is used
more frequently. A cohort table also assesses observed mortality trends over
time. Based on present actual populations and professional predictions of the
population's near future, both types of actuarial life tables are used.
Historical records may be used to construct additional life tables. The
number of infants and the infant mortality rate are usually underestimated by
these types of life tables. Insurance firms often make two types of
projections using actuarial life tables: the likelihood of surviving any given
year of age and the remaining life expectancy for people of different ages.

Other application of Actuarial Life table:
e It plays an important role in sciences of biology and epidemiology.

e Government also utilizes these types of tables for social security of
aged population.

e [t is also significant for product life cycle management and pension
calculations.

e This table is also prepared for different insured items/products by
insurance companies.

3.3.4 Other Applications

The life table approach can be used for the analysis of a wide variety other of
measurable processes, including those that involve attrition or accession to
aggregate size. Not only can this method be used to study mortality, but also
these other processes.

It is possible to illustrate, in the form of a life table, both the gaining of status
as a married person through marriage and remarriage as well as the loss of



status as a married person through death, widowhood, or divorce. Similarly,
the life table method can be used to investigate the entry into and exit from
the labor force due to death, temporary withdrawal, or retirement; the
personnel turnover in organizations; the loss of production time to workers in
a factory due to illness or disability; the age pattern of completing formal
education; and a great deal of other phenomena. The approach is not only
applicable to human populations; rather, its application extends well beyond
that. It is applicable to all forms of life, from mice and dogs to bees and
wasps, as well as any other species imaginable. The technique can also be
used to analyze the lifespan of inanimate objects such as light bulbs, washing
machines, airplanes, and a great many other types of machinery and devices.
For instance, it can be used to describe the life and death history of
automobiles or refrigerators that were manufactured in a given year by a
given company. Another application of the technique is to study the average
number of years that a light bulb will remain lit.

The study of survival data acquired from laboratory studies of animals or
from clinical studies of humans who have acute diseases or are fitted with
artificial devices is one of the many areas in which the life table approach can
be applied. This is a fairly broad application of the method (e.g., IUD,
pacemaker). Data on survival may include the length of time a patient has
survived, their reaction to a specific treatment, or patient characteristics that
are connected to both response and survival. There is no requirement that the
end point be a person's demise; rather, it can be a first response, a relapse, or
the formation of some predetermined characteristic. Survival data are
distinguished in a number of ways, one of which is the fact that such data are
typically censored. There are numerous conceivable methods of censorship.
To give an example, let's say that 10 rats' footpads were injected with tumor
cells in order to demonstrate how carcinogens might cause cancer. The
amount of time it takes for a tumor to grow and reach a certain size is
monitored carefully. But let's say that the researcher had to cut the
experiment short after 30 weeks due to financial restraints. In this scenario,
the trial would be canceled. Supposing that over this time period, only eight
rats had acquired a tumor of the specified size, what would this mean? The
scientist has no further information regarding the other two rats other than the
fact that neither of them showed signs of the tumor developing or growing to
the specified size within the first 30 weeks of the experiment. Because of this,
the observations made on these two rats are known as censored observations.
The censoring that needs to be done here concerns the right end of the data
because all of the rats were brought in at the same time for observation.
However, participants enroll in many distinct clinical studies at various points
throughout the allotted duration for the study in many of these studies.
Consider the following scenario: the time frame for the investigation is the
year 1980, beginning on January 1 and ending on December 31. Patients may
sign up to participate in the study at any point throughout the year that is
being investigated. It is possible that some of them will pass away before the
conclusion of the study, that some of them will not be found for follow-up,
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and that the remaining participants will still be alive when the study is over.
The survival times of the patients who were "lost" are more than or equal to
the amount of time that has passed since they were first admitted to the
facility until their most recent point of contact. Survival times are at least
equivalent to the amount of time that has passed after patients' first
enrollment in the study to the conclusion of it for those patients who are still
living when the research is finished. These final two sorts of observations are
both censored; but, due to the fact that their entrance times are not
simultaneous, the censoring that takes place in their circumstances is slightly
distinct from the censoring that took place in the laboratory research of rats
that was discussed earlier.

We can use life table model with conditions as follows-

Latin American Model Life Table: high infant and child mortality, high
adult mortality and relatively low old age mortality.

Chilean Model Life Table: extremely high infant mortality

South Asia Model Life Table: high mortality below 15 years and over 55
years of age but relatively low mortality at adult ages.

For Eastern Model Life Table: high old age mortality particularly among
males

Check your progress 2
Note: (a) Write your answer in about 50 words.

(b) Check your answer with possible answers given at the end of the
unit.

1.  How life table is being used in actuarial sciences?

2. How life table can be used to understand labour market particiaption?

3.4 LET US SUM UP

In the above unit we have described and explained the different approach
through which life table is constructed and their use. Use of different column



of life table is also discussed. Chapter also includes the other application of
life table. We have therefor dealt with subject adequately.
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3.6 CHECK YOUR PROGRESS- POSSIBLE
ANSWER

Check Your Progress 1
Q1. What is a cohort and a period life table?

Al. Cohort, or generation, life table is based on the mortality experience of a
group of individuals born within a short time period, generally one year.

A period life table is based on the mortality experience of a cross section
of population during a specific time period, often one to three years.
Period life tables are more common.

Q2. Define single decrement and multiple decrement life table with
appropriate example.

A2. In single decrement life table only one attrition factor is considered
whereas in multiple decrement life table more than one factor is
considered. Life table considering only mortality is a single decrement
life table. Attrition of contraceptives due to pregnancy as well as other
causes observes multiple decrement process.

Check Your Progress 2

Q1. How life table is being used in actuarial sciences?

Application of
Life Table

93



Population Model

94

A2.

Q2.

A2.

Insurers apply actuarial life tables to assist with product pricing.
Actuarial life tables display the possibilities of events such as death,
illness, accidents, and disability. An actuarial life table can also include
elements that differentiate changeable hazards, such as smoking,
occupation, socioeconomic status, gambling, and debt load.
Computerized predictive modeling enables actuaries to calculate for a
broad range of scenarios and likely outcomes.

How life table is used to understand labour market participation?

The life table method well be used to investigate the entry into and exit
from the labor force due to death, temporary withdrawal, or retirement;
the personnel turnover in organizations; the loss of production time to
workers in a factory due to illness or disability; the age pattern of
completing formal education and similar such phenomenon.





