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In this research, our main objective is more accurate
pricing of life insurance products with a new approach of predicting mortality or survival
rates. Currently, a life table is used to calculate the current value of pensions, insurance
premiums, etc. Therefore, to increase the accuracy of our calculations, we are looking for
a mortality prediction model for such calculations. Therefore, in this research, instead of
static pricing (only using the latest life table), we used life table prediction and dynamically
rated life insurance products.

In this research, a new model proposed to predict the probability of human
mortality (survival) based on the Markov process, a limited state with an absorption state
(death). This model measured based on the physiological age, because the physiological
age of each person can be checked based on different laboratory indicators, and finally
it has led to the results of the individual health index. In addition, the parameters of this
model are the initial probability vector and the sub-intensity matrix of a Markov chain
that changes over time. In other words, in this model, according to a possible process
in the model, the initial probability vector over time selects the possible interval of the
physiological age equivalent to the chronological age.

To show the satisfactory performance of this model, the relevant data set from
the United States of America was analyzed. The predicted results with the presented model
are better than Lee Carter’s model. It should be noted that the number of parameters of
the model introduced in this research is much less compared to the Lee Carter model and
other mortality or survival prediction models. Based on this model, a closed form for life
insurance pricing relationships is obtained, which simplifies these calculations for users.

The relationships obtained for pricing were investigated based on two
products, 5-year term life insurance and also a 5-year term pension. The fitted results for
the model used in the predictions of the probability of mortality as well as the probability
of survival and pricing are very satisfactory.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 1: Estimation of parameters
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Fig. 3: Mortality index varying with time k(t)

58S (b Glhae k(D) bl Sloj s S S
Ep usle o Jaw 10 50 Jalse i oo oolanul 1) ailes S sl )l
Gk 3l ol b g adsl Jliml Jlon (S5l s
o oo HLaS k()

ooyl k(D) 6lr Gloy $rm S 538 slaren
w5 bl gal Bolai (o508 wiile oy gm0 sll
5O e g 48,5 18 )y 0,50 Chatfield, (2003) Lol
BIC poboly Jdo (nfte (See S ARIMA(p.d.q) J5 o=
ol 00 @) 8 S 5 ¥ Jsaz 4 gl a5 el oad il

slr ol 5 dlps (D) Sl s Joe Sl 5 g
S0t gl 0,8 eoliiul Jae bagi i b g jaeg S o (S in
oals oold lid A 5 VS 0 Coudjge sosldacgases (sl
Gl Sa; 4 sl gt polae ¥ Jgaz 5o ol 5 ogdle el
G mls g oog wellas Jowo i @S 4 axei b .l 00l
ol Soo3 2Bl slaosls

3 &S wSgles J5 J Jae g b oo amlie sl
Joe sl ol b slows aSol 51 58 1 0gd oo camlice ¥ Jgux
&S Jse sl ysll plhz G sgas ools acgere (il slp b

n =250 )3 g la pgs sbaply onyeS (V) alal, el
ol o] s

byl @mbs (omgiasln szl 5§58 Gdlhae oluly
dgy F S 50 el ool ool ioled V Jga o omo)jiﬁ
o0 Ooledy ols Joi g,y a8 cowl ool eoly isled 3 k(T
O Sgete Oeed 3 yeesS pe 5 OSeS 5l Ol () W)
Oley Jsb 5o (Cawl Codles sl g5 5 (S a5) (So3sl 5
S,le

P egS e g i oty lp bl (Fp Ml @b
;)5...:‘5‘0 0 as )5Jaul.o_b 9 w‘ A% od‘& U,....JLo.) I\ 9 \c 6L®J&w
el W Cogllan b g Jor3 b s

e bl (o i
bl el (S (W) o9 S e Jloiol i sl
455 Lo 10,5 solitnl k(1) Sloj pasli 5l eawlcassa oSl
oolial Y+ VF B VAV glaools 51 5l (sl s oyl SL3 a5
Sy Sl ly (VY6 YD) kools 5l asye Ve g r"-.’.°)5

Yof



bt 5l S p sl S30(6) sslnF Jss
Fig. 4: Fit S30(y, t) for some t’s

bt 3l sl In(1000 +q,) oly & JS2
Fig. 5: Fitting Ln(1000  g,) for some t’s

Y0



ot lp Sy s Je ¥ Jgor
Table 2: Time series model for forecasting
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Fig. 6: Forecast of the index of mortality (k(t)) for the years 2015 to 2045
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Fig. 8: Forecast of death rate for different ages from 2015 to 2019
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Table 3: Comparison of the actual value and the forecast of life expectancy for the years 2015 to 2019
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Table 4: Comparison of goodness of fit and prediction
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Table 5: Present actuarial value of 4xs5| for different ages and interest rates
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Table 6: Present actuarial value of 4.5 for different ages and interest rates
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