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Lecture - 56
Introduction to Insurance, Mortality Table

Welcome to the lecture on introduction to insurance and also in that we are going to discuss
in this lecture about the mortality table. So basically all we know that insurance is very
important you know part in today’s you know world and we must know you know the related
terminologies related to insurance. Before that we also discussed about the annuities you
know in the earlier chapters this annuities different and in the case of insurance that annuity
that is certainly different.

(Refer Slide Time: 01:14)

Introduction

+ Contingent contract: involves a sequence of payments dependent on an
occurrence of a certain event that cannot be foretold.

+ Life annuities are dealt with by insurance companies and the person to
whom the annuity would be payable, called an annuitant.

% Life insurance proceeds are payable to survivors upon the death of the
insured,

% The typical stated premium of life annuities and life insurance is usually a

gross premium, which includes the loading costs in addition to the net

premium.
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So the life annuities are normally related to the life insurance in that way. Now you have
basically the existence of contingents, contingent contract which will be involving the
sequence of payments dependent on an occurrence of a certain event that cannot be foretold.
So basically we talk about the insurance in the sense that we ensure ourselves or any person

goes for insurance you know.

For that I mean keeping in mind that something you know something may happen you know
people may you know meet with someone to an incident, there may be casualty, there may be

death or so. So in that case what we do is normally we make a contract and what we do is



under that we use to pay sequence of payments and because we expect that after that you

know dependent of the person must be paid something.

So that is you know the contingent contract is developed and as we know that the life
annuities they are dealt with by the insurance companies and the person to whom the annuity
would be payable. So basically you have an annuitant I mean so the annuitant will be paying
that annuity of the year he has to pay or it may be net you know single time also he can pay

and then life insurance proceeds or basically they are payable to the survivors.

So the thing is that certainly you have the risk involved in life and there is I mean certainly
there will be some probability that if suppose something happens with the person if he meets
certain accident or in case of his death you know it will be so proceeds should be payable to
the survivors. So, typical stated premium of life annuities and life insurance is usually a gross

premium which includes the loading cost in addition to the net premium.

So certainly you have the loading cost also involved so in that. Now once we are going to
discuss about it, so certainly we know that in that case we must know that what will be the
chances of you know person meeting with that you know event that is foretold that we do not
know or he is meeting with accident or death. So in those cases you should know something
like the statistical you know must have a statistical table.
(Refer Slide Time: 04:14)
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Mortality table

< A mortality table contains statistical data on people living and dying
categorized primarily by age and sometimes by gender,

*+ The table’s major use is in calculating predictions as to how long a person
will live and when he or she will probably die, to be used in estimating the
benefits for life annuities and life insurance,
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And that is basically predicted by the mortality table, so the mortality table basically it will be

containing the statistical data on people living and dying categorized primarily by age and



sometimes by gender also. So in that basically you will have the survey, it will be seen that
and on that you know on a specific number of people of starting from a zero or so you can
have the statistics that every year what has been, how many of the infants supposed have

crossed and are raised to age 1.

Then, how many have gone to age 2 so like that you know there was a survey has been
carried out and based on that on an average the mortality data will be you know stored and
mortality table will be made and this table’s measure use is in calculating the predictions. So
it will be predicting as to how long a person will live and when he or she will probably die.

So that is to be used in estimating the benefits for life annuities as well as the life insurance.

So this table will be you know referred to know all these values and then that those values
will be used for calculating the value of the annuity and so. So when we talk about this table,
now this table was prepared you know in 1868 so it was published in the American
Experience Table of Mortality and it was this table is referred for I mean taking the data for

the one lakh number of child.

And then it was seen that year wise what was the death, so how many are surviving and based
on that you will have certainly some kind of you know terminologies which will be coming

up. So if you refer to the table that table basically is the mortality table which is going like

this.
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You have this as the year so this will be 0 and 1, 2, 3 or so and then you will have this Ix that
is number of people who are alive. So we have taken the sample size of 1 lakh and dx is the
death which is given that year, so then you see that once it is 1260 so 987540 is remaining. So
in the second again there is some death so based on that what is the probability of this death.
Then other you know terminologies are also defined, so that we will see then.

(Refer Slide Time: 07:31)
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So basically in that table what we do is we are basically taking x as the age of person in
years. So we have taken age 0 so that is the base you know base samples at age 0 we have
taken base sample of 1 lakh. So that way we are taking infants under one year of age. So from
that number we are starting making the table, so under one year of age. Now Ix any age so at

any age x how many you know people are alive.

So number of people alive at age x, so they are basically represented by the term Lx. So
further we take the dx. We have another column that is dx and dx will be number of people
who die. So number of people who died between age x and x+1, so who die between age x
and x+1. So that will be the dx, so basically if you look at the dx, dx will be basically defined
as Ix-1x+1 means the number of people who are alive of age x and number of people who are

alive of age x+1.

So x+1 having I mean people of age x+1 will be smaller than the people of age x because
there will be certain death in that period. So you know you calculate the dx like that. Now

you can refer to the table and suppose you are told to find the number of people who die you



know at age 20. So suppose you have to refer that value, so if you look at the age 20, now in

that if you look at c, this is 118.

So this 118 it will be Ix-1x+1, so that will be nothing but 1x is 97741 and this is Ix+1 that is
121 were of age 21 that is 97623. So 97641- so basically if you have to find you know the
people number of people who die at so if you have to find the number of people die at age 20.
So that you can find d20 and d20 should be equal to 120-121 and we look at the table 120 is
97741 and 97623 so it will be 97 you know 741 and then it will be 97623.

So it will be 118 so this you can this way you can refer the mortality table to find and from
here you can also find the Ix+1 as Ix-dx so we can if you are thinking of finding the number
of people who are alive at age 21, so it will be 120 and if you know the number of person who
are dying in age 20 so 120-d20 that you can find as the number of people who are alive at age

21 so Ix+1 that way you can compute.

Now the second you know parameter which will be required to be known will be your
probability that a person you know will die between age x and x+1. So if you are interested to
find the probability that a person will die between age x and x+1 so that will be denoted by
gx, so gx is the probability that a person dies between age x and age x+1. So that is your gx
and it will be nothing but the gqx will be basically the number of death at age x so that is

dx/the number of people who are alive at age x, so it will be Ix.

So gx will be divided by we found by dx/Ix or you can find also from this expression dx will
be basically qx*Ix. So this is another expression which you know may be useful for finding
that what is the probability that a person will die. Now similar to the probability that a person
will die, you will have another term that is px and this is px will be defined as the probability
that a person of age x will live to age x+1.

(Refer Slide Time: 13:43)
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So px will be the probability that a person of age x will you know will leave to age x+1. So
this will be basically you know px will be so px will be Ix+1/Ix means if because out of Ix
Ix+1 you know persons are going to age x+1 so the probability that a person of age x is going
to live will be living to age x+1, it will be px will be 1x1/Ix. So as you know that if you add
this gx and if you add the px, so gx is the number of deaths during age x/Ix.

And the px is Ix+1/Ix so if you add them it will be dx+Ix+1/Ix so this becomes you know
equal to so dx+Ix1+1 is in fact Ix. So this will be Ix/Ix that is 1. So what we find one of the
expression is qx+px it becomes=1 so this is you know another expression which you can
derive by from you know this table. Now we also see that many times we have to see that
now from same thing you can further you know interpret these equations and you can find the

values of gqx as 1-px or px as 1-gx.

So this way the values can be found. Now so if the n is the number of years then the
probability that a person will be living to the n number of years you know from now. So
suppose today is he is of x age and if this person has to; so if you are thinking of the
probability that this person will go to live to age x+n so that basically is denoted by the term
that is npx. So npx is the probability of you know a person of age x to live to that n number of

years.

So if you are talking about suppose someone is of 20 years and what is the probability that he
will be leaving to age of 30, so that will be n will be 10 and x is 20. Now in that case, you can

have the probability so that will be npx so npx will be you know Ix+n so what is the number



of people who are alive at age x+n and that will be basically divided by you know Ix. So that

will be giving you a term npx.

So whenever we have to find this you know probability we will use this term npx. So if
suppose you have to find the probability that a person of 50 years’ age what is the probability
that he will be living to 70 years of age?

(Refer Slide Time: 18:11)
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So in that case so suppose if we want to find how probable it is that a person of age 50 will
live to age 70. So in that case, the person is of age 50, so we are taking x as 50 and we are to
find the probability that this person will be living to age 70 so we are going for n as 70-50
that is 20. So we have to find the probability that this person of age 50 will be living to age
70. So for that this will be 20, so this will be 20p50.

So this is npx, now 20p50 will be p50 so this will be not p basically this will be number of
persons at 50 years of age so that is plus 20 and number of people at 50 years of age. So this
will be 170/150.

Now this data you can find from the mortality data, so you can refer to the number of people
who are alive at 50 years of age and if you look at the table in the last row in the 50, the
number of people who are living is 91526 and the number of people who are alive at is 70
will be 68248. So this will be 68248/91526. So this is coming out to be 74.6%. Now this
74.64 it is 74.6% probable that a person of age 50 will cross age 70.



So this way you are trying to find the value of the probability that a person of any age will
live to how many years you know from there. So that way the probability can be found. Now
npx and if you find the ngx, so what this you know if you add them npx+nqgx that must be=1.
So this is another you know formula which you get similar to npx you also have the ngx

where ngx will be again you have to find the number of deaths in between.

So based on that you can find the ngx and if you add you know npx+ngx so it will be 1 which
you can write as ngx=1-npx or you can also write ngx as 1-again npx will be 1 of x+n/Ix, so
you can write nqx=Ix-Ix+n/Ix. So this is how you can calculate the value of the person. Now
this will be talking about the probability that a person will die of age, a person of age x will

not live you know till the age of x+n.

And for that the probability will be found you know by dividing this Ix-1x+1/Ix. So again if a
person of age 50 is there and if you have to find the probability that this person will die in the
another 20 years.

(Refer Slide Time: 22:33)
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So probability that a person of age 50 will die this you know within next 20 years. So for that
this will be ngx so that is 20g50. So for that this will be ngx so that is 20950, so this 20q50 it
will be so you can find this as Ix-Ix+n/Ix. So it will be 150-170/150. So all these values you can
again take from the mortality table 150 we know that it was 91526 and 170 was coming as
68248 and that will be divided by 91526, so it will be coming as 25.4%.



Now if you see that what is the probability that a person of age 50 will not die within next 20
years that is he will live for next 20 years was you know 74.6% and he will not live or he will
die within the next 20 years is 25.4%. So you can say that if you know add both the
probabilities that is npx and ngx, so that will be 1 that is your 20p50+20g50 so that is 20q50.
It has to be 1.

So basically you must understand that what is you know meaning of these terms and times px
so npx 1is not that n multiplied by px, it is basically there was a probability that a person of
age x will go and live up to age x+n. Similarly, ngx is the probability that a person of age x
will be dying in I mean before he reaches x+n. So that is what we must know that what are

the meanings of all these terminologies.

And they will be used basically for finding the terms you know as and when required in the
case of you know terms calculated for finding these you know insurance annuities and other
things. Now another thing is that what we define this term gx, basically this is known as the
mortality rate. So this mortality rate you know based on that only we have the definition of

this mortality table.

And what we intend to see also if you refer to the table. Now in this table as you see this table
is for a certain rate of interest you know this is because we have other terminologies like dx,
nx, cx, mx and then you have the life expectancy. So these terminologies like dx, nx, cx and
mx they are the computation terms which will be used and basically they talk about you know

that depending upon rate of interest that is chosen as 5%.

And as you know that this is based on you know source which is presented at the you know
bottom of the table and these terminologies basically will be used for the calculation of the dx
you know dx is here, nx is here, cx and mx and this is the life expectancy and then whole
table will be used. So basically you can find you know once you have you can do for this

analysis for any sample.

Suppose you can take any sample you just have the sample initially at 0 age and then once
you have the data that how many dates are there in every year, so that will go into the next

column and based on that you will have the value of these gqx which will be you know



calculated and if you look at these values now you see that it has started from you know from
here, so this will be for 0 age and then in every year you have dx.

(Refer Slide Time: 27:43)
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So dx will be going on subtracting and ultimately if you just look at the trend that in the later
years this you know dx is increasing and at the age of say 100 what you see is that or before
that basically it is increasing you know so it is basically initially it is there, so it is further
then it is decreased in the age of 10, 11 or so. Then, further it is increasing and going on and

then after that it is slowly increasing from the age of say 17 or 18 comparatively.

And then as you go further the increase is quite high as we cross the 70s of age that way it is
increasing and it goes to maximum value of suppose say 3052 in the age of 84 and then
further slowly it is decreasing because also that they are quite less number of people also. So
that way you have this gx going on, if you find these gx probabilities, these probabilities are

quite high.

If you look at these probabilities, probability is basically increasing as the age is increasing
normally, the probability is basically increasing and it is coming close to the 0.9 or suppose
say you know 0.3 times. So out of 1150 335 is likely to die. So basically that fraction you
know of people who will not be alive so that part can be you know so that can be calculated

and then how to calculate these computation terms.

So that we will discuss because that will be used for finding the annuity values, the single

premium or how if the person has to pay in you know annually so how can he pay these



premium values in you know annual basis or by differing for certain time. So there are many
cases for those dx, nx, cx and mx will be how to calculate that, how to get these values, they

will be you know where we will discuss in our coming lectures. Thank you very much.



