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Professor Dr. Pradeep K Jha
Department of Mechanical and Industrial Engineering
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Lecture34
Expected Value Decision Making under Risk

Welcome to the lecture on decisions under risk and uncertainty. In this lecture he will be

studying the case in which the expected value decision making is used.

(Refer Slide Time: 00:41)
I 0009090909090 00
EVALUATION USING EXPECTED VALUES

+ Expected values are helpful in making decision under
uncertainty, based on concept of probability.

+ Itis a product of probability that a variable will occur and its
numerical outcomes, summed over all possible outcomes of
the values.

+ This concepts are usually applied for long run conditions when
the event is assumed to occur repeatedly.
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Now expected values are basically helpful in making decisions under uncertainty and
basically it uses the concept of probability. We have already discussed that the probability of
associated events are taken into account. The product of probability of a variable will be

taken with its numerical outcomes and it will be summed over all possible outcomes.

So this way you get the expected value at these are basically used for long run conditions
when the event is assumed to occur repeatedly. And sometimes also in the cases when you
have initial investment and its effect is basically visualised in the future, so in those cases

also, this concept is used.

Now let us take a case which has been about a flood damage in a certain area where there has
been history that there is probability that flood may come and if the flood comes then it will
do the damage to the crops. So there is basically a proposal that a dam should be built. Now
or a levee should be built before the dam is made maybe later on.
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So before that basically you are trying to use it use this analysis in which there is history that
how many years the level of flood water is how much. So basically the level of water is given
as 5 02, 20, 40, 60, 80 and 100 centimetre. Suppose above the normal it goes. The history
tells there has been occasions of 15 times during the last 50 years, the level was zero. So in
that case there was no flood loss.

Now 12 times there has been the level of water 20 centimetre above normal. Then you have
10 times, 8 times, 3 times and 2 times the level of water has been as 40, 60, 80 and 100
centimetre above the zero level. And basically this these level of water causes the damage, so
years, number of years, the water level was above normal. So this was the normal, so if it is
A, so above A. Now third is that what will be the loss, loss is predicted if water level is above
A.

So if the water level is above A, the loss is given as because there is no increase in the level,
there is zero level, so loss is zero, then in this case you have 6,00,000, 9,00,000 and further
you have 12,00,000, 15,00,000 and 20,00,000. This is the loss caused by the river if it, if the
water level goes to 20 centimetre above the normal, it causes a loss of 6,00,000. Now further

you can cost of initially investment of making levee, so of a centimetre.

So this cost is zero, this cost if you make a 20 centimetre length of levee, it will be costing
maybe 20,00,000, this is 30,00,000, this is 50,00,000, this is the 5,00,000 and suppose this is
a 80,00,000. Now basically depending upon this data, you have to find the probability of
occurrence of the flood or the level of water in terms of the chance. And if you look at that
the chance you can compute here itself, so it will be 15 by 50 into 100.



So probability will be point 3, this will be point 24, this will be point 2 this will be 1 point 6,
no so this is order of 50. So you have to basically divide by 50, 15 by 50 so it will be point 3.
12 by 50 so it will be point 24, this will be point 2, this will be point 16, this will be point 06
and this will be point 04, okay. So this is the probability that the level of water will be
coming to 0 that is chance is point 3, 20 as point 24, 40 as point 2, 60 as point 16, 80 as point
06.
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And so lesser probability is there that the river water level will exceed to this level. Now it is
also seen that your study has to be done for 15 years after which it is assumed that the
government will basically make a permanent arrangement by making the dam, so you have to
study for 15 years. You have also interest rate as 12 percent, so using this interest rate you

have to suggest what should be the height of levee to be built.

Now this is a case of expected value decision making, we can also use other methods but we
will see how this expected value decision making by which you can suggest that what should
be the height of the levee which should be made. Also you have to see that as you go on
making larger levee heights, the initial investment is going to be higher and higher. So you
have to justify what should be the basically actual height which gives you minimum of the

cost.

Now let us say you are investing presently this amount, so we will talk about the annual

expenditure. So if you take suppose zero levee height in that case you will have no present



cost investment, so your investment cost is 0. But you are losing all this, you are losing

6,00,000 when there is level of 20 and it is having probability of point 24.

So if you look at that, the cost incurred because of flood, it will be basically point 24 times 6
plus point 20 multiplied by 9 plus point 16 by 12 plus point 06 multiplied by 15 plus point 04
multiplied by 20. So it will be basically, if the river river reaches 20 centimetre and its chance
is point 24, so that will give you loss of 6 plus point 2 times 9 plus point 16 times 12 plus

point 06 multiplied by 15 plus point 04 multiplied by 20.
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So this is when you have zero levee height and you can get it by 1 point 44 plus 1 point 8 plus
1 point 92 plus point 9 plus point 8. So this will come out to be 6 point 86. Now let us say
you are going to make a 20 centimetre levee, a 20 centimetre levee, for that you are giving
initial construction cost of 20,00,000 and basically this is to be used for 15 years.
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Interest factor values for discrete compounding (i=12%)
n (F/Pin)  (P/Fin) (F/Ain) (A/Fin) (P/Ain) A/Pin A/Gin
1 112 08928571 1 1 08928571  1.12 0
2 12544 07971939 212 04717 1490051 0591698 04717
3 1404928 07117802 33744  0.29635 24018313 0.416349 092461
4 15735194 06355181 4779328 020923 30373493 0329234 135885
5 17623417 05674269 6352847 015741 36047762 027741 177459
6 19738227 05066311 8115189 0.12323 41114073 0243226 217205
7 22106814 04523492 1008901 009912 4.5637565 0219118  2.55147
8 24759632 04038832 1229969 00813 49676398 0201303 291314
9 27730788 036061 1477566 006768 53282498 0.187679 325742
10 31058482 03219732 1754874 005698 5650223 0176984  3.58465
il 347855 02874761 2065458 004842 59376991 0.168415  3.89525
12 3895976 02566751 24.13313 004144 6.1943742 0.161437  4.18965
13 43634931 02291742 280911 003568 6.4235484 0.155677  4.4683
14 48871123 02046198 323926 003087 66281682 0.150871 473169
15 54735658 0.1826963 37.27971 002682 68108645 0.146824 49803
16 61303937 01631217 4275328 002339 69739862 0.14339 521466
17 68660409 0.1456443 4888367 002046 7.1196305 0140457  5.4353
18 76899658 0.1300396 5574971 001794 7.2496701 0.137937  5.64274
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So you have to find investment cost on annual basis and so for that this 20,00,000 will be
multiplied with for it is for 15 years period, so you have to multiply it with Aby P I n, I is 12
nis 15. So you can see A by P I n 15, this is 12 percent for 15 years, A by P I n is point 147.
So it is point 147, so it will be 2 point 94. Now let us say if the 20 centimetre levee is created,
then what will be the loss because of the flood?

Now there will be no loss if there is 20 centimetre of water level but if there is 40 centimetre
of water level, in that case loss will be corresponding to 20 centimetre of height and the
probability of coming of 40 centimetre height water level is point 2. So point 2 multiplied by

loss corresponding to 20 centimetre height, so that the 6,00,000.

Because this is levee is 20 centimetre height, so once the flood level will be 40 centimetre,
then the loss will be corresponding to 20 centimetre that is 6,00,000 and the probability of
having 40 centimetre height is point 2, so point 2 multiplied by 6. Similarly point 16
multiplied by 9 plus point 06 multiplied by 12 plus point 04 multiplied by 15. So this will be
1 point 2 plus 1 point 44 plus point 72 plus point 6. So this will be 3 point 96.
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So if you look at, you will have certain total cost and total loss will be 2 point 94 plus 3 point
9 6 point 9. Now let us go to the next one we go for. Now basically we have to make a levee
and basically we have to see that which levee height is giving you the minimum of loss. If
you go for 10 feet levee, in that case your construction cost is, so this is 20 after that 40
centimetre levee. So for 40 centimetre levee, the cost is 30,00,000.

So again for that you are having the investment cost annual as 30,00,000 multiplied by A by
P 12 15, that is point 147 4 point 41 lakhs and the damage cost will be when it is 60
centimetre, the probability is point 16 multiplied by the loss because of the 20 centimetre
height, that is 6,00,000.

So it is multiplied by 6 plus again probability of 80 centimetre height, that is point 06 and it
will be multiplied with the loss corresponding to 40 centimetre height of the flood water level
that is 9,00,000. And then if it is 100 centimetre height, it is probability is point 04 and then
the corresponding loss will be for the 60 centimetre height, that is 12,00,000. So it will be
point 96 plus point 54 plus point 48 and it will be 1,98,000.

So total annual loss, it will be investment cost annual that is 4 point 41 lakhs plus the damage
cost that is annual damage cost lost so it will be 1 point 98, 4 point 41 plus 1 point 98 and this
will be equal to 6 point 39 lakhs.
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Now further if we are making a levee of 60 centimetre height let us see what is the total
annual cost which you have to bear. So for 60 centimetre levee height construction you have
investment cost this is equal to again for 60 centimetre height, the cost is 50,00,000. And if
you want to find the annual value, it will be multiplied with the factor again A by P 12 15.

Now this factor value is anyway calculated to be point 147, so it is coming out to be 7,35,000.

You further go to the loss, so damage cost, again in this case when the flood water level is 80
centimetre, its probability is point 06 and in that case the loss will be corresponding to 20
centimetre height that is 6,00,000. Then if the height of the water is 100 centimetre, its
probability is point 04 and in that case the loss will be corresponding to 40 centimetre that is
9,00,000. So it will be point 36 plus point 36 and it will be point 72 lakhs.

So total annual cost comes out to be 7 point 35 plus 0 point 72 that is 8,07,000. We have to
further find the loss or total annual cost for the 80 centimetre levee height and 100 centimetre
levee height. We can further rub. For O centimetre height, it is 6,86,000 for that we have to
write maybe in a box. For 0 centimetre height, 6,86,000 and for 20 centimetre height it is

6,90,000. For 40 anyway we have calculated as 6 point 39, for 60 it is coming as 8 point 07.
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Let us calculate for the 80 centimetre levee height. For 80 centimetre levee height, the

investment cost will be, this is 65,00,000, the initial cost. So 65 multiplied by A by P 12 15,
that is point 147 and that is 9,55,000. Then the damage cost annually, it will be only in that

»

case when there is 100 centimetre of flood water level and its probability is point 04.

So point 04 multiplied by the damage will be corresponding to only 20 centimetre of height
and this is 6,00,000, so it is point 24 lakhs. So total cost will be 9 point 55 plus point 24 that
is 9,79,000.
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Finally if we calculate the cost for levee height of 100 centimetre. So 100 centimetre levee
height, in case of 100 centimetre levee height the investment cost annually is 80 times A by P
12 15 that is point 147, so it will come out to be 11,76,000 and the loss or damage due to the
flood is zero because this is the maximum height of the water which is reported. So in that

case total annual cost is 11,76,000.

What we see is that on 20 centimetre height you have 6,90,000 was the annual cost. On 40
centimetre height, it was 6,39,000. On 60 centimetre height, it was 8,07,000. On 80

centimetre it was 9,79,000 and finally if you are making 100 centimetre, it is coming out to

be 11,76,000.
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So what you see is the maximum loss is when you are going to make the 100 centimetre levee
height and the minimum loss annually or minimum cost what you have to incur annually is
6,39,000. So it is suggested to go for making a 40 centimetre levee which should go for 15
years and in that case the annual cost is minimum. So suggested height of levee is 40

centimetre.

So this is how you solve such problems very you have been given the probability values and

you have to decide what should be the height of the dam in optimum manner. Thank you.



