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Abstract

Forecsting the death rate accurately is of paramount importance. The purpose of
this research is to select the best stochastic mortality model in Iran based on a
comparison between Lee-Carter models and the age-at-death distribution model
(maximum entropy) for the male and female populations separately. It is worth
mentioning that one of the strengths of modeling using age-at-death distribution is
that it effectively represents the age-specific mortality pattern in Iran and answers
the question of whether the mortality pattern in Iran is stable. Considering any
model that reports the lowest error based on evaluation criteria, the life table for the
year 1400 in Iran has been introduced and compared with the mortality tables
TD88-90 in France and ILT1400 in Iran. In this regard, real mortality data in Iran
for the years 2011-2019 for ages 0-100 years have been used. Ultimately, it was
concluded that the Lee-Carter model performed better for the male population and
the Currie model for the female population in Iran. It was also concluded that the
existing tables in Iran report a higher mortality rate, and the life table presented in
this article may be suitable for pricing insurance products and for more accurate
calculation of actuarial indicators, such as the probability of death.
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Extended Abstract
Introduction

The death rate holds particular significance in the field of actuarial science. While
the global population is growing, stochastic models are increasingly demanded to
accurately forecast death rate and life expectancy in the future to support public
policies, insurance companies and health institutions to face their risks. Since no
dynamic mortality model has been presented in Iran to forecast the death rate by
gender, this research aims to select the best stochastic model in Iran based on a
comparison between the Lee-Carter family of models and the age-at-death
distribution model (maximum entropy) for the male and female populations
separately. The three variables of age, period (time), and cohort are used to classify the
base model into zero-, one-, two-, or three-factor categories. The zero-factor model is
an age-specific rate. One-factor models consider the mortality rate as a function of
age. Most forecasting mortality methods use two-factor models of age and period,
such as Lee-Carter model. The three-factor models consider mortality as a function of
age, period, and cohort. One of the most important criteria in selecting the base
model is the interpretability of the parameters. Better interpretation of model
parameters will help to more accurately evaluate the parameter trend and its
continuation in the future. Mortality modelling boasts a long history in demographic
and actuarial science; however, the practice of mortality forecasting is relatively
recent. Over the past thirty years, more complex statistical methodologies to forecast
mortality have been recommended and used. Most of the models used in modelling
and forecasting are based on age-specific death rates, as they are well suited for
showing changes in the risk of death over age and time, like the Lee Carter family of
models. This family of models utilizes three parameters—age, period, and cohort—to
model mortality. Although they provide good information, they cannot answer two
questions: (1) How many years does a person live in a population on average? and (2)

how to measure the variability of ages at death?

Another effective perspective on the evolution of mortality and changes in the
pattern of human lifespan is the use of age-at-death distribution, which captures
observed mortality trends in a population and addresses key questions in mortality
studies. Age-at-death distribution provides an answer for the above questions, but
they have mainly been neglected in the forecasting of future death rate. In addition, it

provides unique information and offers valuable insights into mortality patterns and
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longevity risk; however, it is seldom used in modelling and forecasting populations.
One of the new methods based on the age-at-death distribution is using statistical
moments and the density function to forecast age-specific mortality levels. Time series
methods are used to extrapolate a limited number of statistical moments. In a more
recent development, Marius D. Pascariu et al. (2019) proposed a novel modelling
technique using statistical moments. The central idea in this paper involves leveraging
statistical knowledge, particularly statistical moments, and using time series methods

to extrapolate a limited number of moments.

Methods and Data

One commonly used method for modelling and forecasting the death rate is the
family of Lee-Carter models. In this method, the logarithm of the death rate or the
logarithm of the probability of death is utilized for modelling. Another effective
perspective on the evolution of mortality and changes in the pattern of human
lifespan is the use of age-at-death distribution, which captures observed mortality
trends in a population and addresses key questions in mortality studies. In this
research, ten models based on death rate, along with the maximum entropy model
with 4, 5, and 6 moments derived from age-at-death distributions, were employed for
modelling and forecasting the death rate. Real data from Iran’s mortality, specifically
the number of registered deaths and the country’s population for the years 2011-2019
for ages 0-100 years, were used. In this research, ten different stochastic mortality

models were evaluated with seven accuracy measures.

Findings

This study focuses on selecting the best stochastic mortality model to forecast the
death rate in Iran, differentiated by gender and based on actual data. Specifically, it
utilizes nine stochastic models for mortality rate forecasting and a maximum entropy
model for mortality frequency forecasting. To evaluate the predictive power of each
model, seven assessment criteria were employed. Within the specified range (0-100
years), it was determined, among the ten models examined, the Lee-Carter stochastic
model performed best for the male population, while the APC stochastic model was
the best for the female population. This indicates that the two-parameter and three-
parameter models based on the Lee-Carter family provided more accurate results.
With slight differences following these models, the Hindman model and the Pleet
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model ranked second for the male and female populations in Iran, respectively.
Furthermore, life tables for Iran for the year 1400 (2021) were presented, taking into
account the predictive performance of the APC and Lee-Carter models for the female
and male populations of Iran, respectively. As shown in Tables 4 and 5, the average
life expectancy for women is three years higher in childhood, two years higher in
middle age, and one year higher in old age compared to men. Therefore, the overall
mortality pattern for women differs from that of men, indicating that a single model
may not perform equally well for both genders. Additionally, a comparison of the
predicted mortality rates for the years 1400 and 1401 (2021 and 2022) with the
mortality rates in the existing life tables of Iran was conducted. The comparison
results showed that, in most age ranges, the predicted mortality rates (probability of
death) from the best-performing model reported lower values than those in the
existing life tables in Iran. This finding is particularly significant for the insurance

industry and pension funds.

Conclusion and discussion

The lower the probability of death for an insured individual, the longer they are
expected to live, allowing us to charge lower premiums for mixed life insurance
policies and life insurance with the condition of death. This reduction in premiums
can be a factor in increasing demand for such insurance products. Additionally, when
issuing life insurance policies with the condition of survival, the decreased probability
of death and extended duration of coverage necessitates charging higher premiums to
the insured individual. In this study, to compare the predictive accuracy of stochastic
mortality models, the crude death rate index was used. It is clear that changes in the

mortality index and the evaluation criteria of the models can yield different results.
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1 0.00175 0.00175 99,443 173 99,356 7,949,312 79
2 0.00083 0.00083 99,269 81 99,228 7,849,955 79
3 0.00049 0.00049 99,187 48 99,163 7,750,726 78
4 0.00034 0.00034 99,139 33 99,122 7,651,563 77
5 0.00026 0.00026 99,105 25 99,092 7,552,440 76
6 0.00025 0.00025 99,079 25 99,067 7,453,348 75
7 0.00027 0.00027 99,054 26 99,041 7,354,281 74
8 0.00026 0.00026 99,027 25 99,014 7,255,240 73
9 0.00029 0.00029 99,001 28 98,987 7,156,225 72
10 0.00030 0.00030 98,973 29 98,958 7,057,237 71
11 0.00032 0.00032 98,943 31 98,928 6,958,279 70
12 0.00034 0.00034 98,912 33 98,895 6,859,350 69
13 0.00036 0.00036 98,879 35 98,861 6,760,454 68
14 0.00039 0.00039 98,843 38 98,824 6,661,593 67
15 0.00042 0.00042 98,805 41 98,784 6,562,768 66
16 0.00046 0.00046 98,763 45 98,741 6,463,984 65
17 0.00049 0.00049 98,718 48 98,694 6,365,242 64
18 0.00049 0.00049 98,670 48 98,646 6,266,548 63
19 0.00049 0.00049 98,621 48 98,597 6,167,901 62
20 0.00048 0.00048 98,573 47 98,549 6,069,304 61
21 0.00047 0.00047 98,525 46 98,502 5,970,754 60
22 0.00045 0.00045 98,479 44 98,457 5,872,251 59
23 0.00044 0.00044 98,434 43 98,413 5,773,794 58
24 0.00043 0.00043 98,391 42 98,370 5,675,381 57
25 0.00042 0.00042 98,348 41 98,328 5,577,011 56
26 0.00041 0.00041 98,307 40 98,287 5,478,683 55
27 0.00041 0.00041 98,267 40 98,246 5,380,395 54
28 0.00041 0.00041 98,226 40 98,206 5,282,148 53
29 0.00042 0.00042 98,186 40 98,166 5,183,942 52
30 0.00043 0.00043 98,145 42 98,124 5,085,776 51
31 0.00045 0.00045 98,103 44 98,081 4,987,651 50
32 0.00048 0.00048 98,058 47 98,035 4,889,570 49
33 0.00051 0.00051 98,011 50 97,986 4,791,535 48
34 0.00055 0.00055 97,961 54 97,934 4,693,548 47
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iF Ty G, L . fi T, €.
35 0.00060 0.00060 97,907 58 97,877 4,595,614 46
36 0.00065 0.00065 97,848 63 97,817 4,497,736 45
37 0.00070 0.00069 97,785 67 97,751 4,399,918 44
38 0.00075 0.00075 97,717 73 97,680 4,302,167 44
39 0.00081 0.00080 97,644 78 97,605 4,204,486 43
40 0.00087 0.00087 97,565 84 97,523 4,106,881 42
41 0.00093 0.00093 97,481 90 97,436 4,009,357 41
42 0.00100 0.00100 97,390 96 97,342 3,911,921 40
43 0.00107 0.00107 97,293 103 97,242 3,814,579 39
44 0.00114 0.00114 97,190 111 97,134 3,717,337 38
45 0.00123 0.00123 97,079 119 97,019 3,620,202 37
46 0.00132 0.00132 96,960 128 96,896 3,523,182 36
47 0.00143 0.00143 96,832 138 96,762 3,426,286 35
48 0.00156 0.00155 96,693 150 96,618 3,329,523 34
49 0.00170 0.00169 96,543 163 96,461 3,232,905 33
50 0.00185 0.00185 96,379 178 96,290 3,136,443 32
51 0.00202 0.00201 96,201 193 96,104 3,040,152 31
52 0.00220 0.00220 96,008 210 95,902 2,944,047 30
53 0.00241 0.00240 95,797 230 95,682 2,848,145 29
54 0.00264 0.00264 95,566 252 95,440 2,752,463 28
55 0.00292 0.00291 95,314 277 95,175 2,657,022 27
56 0.00323 0.00323 95,037 306 94,883 2,561,846 26
57 0.00360 0.00360 94,730 340 94,559 2,466,962 26
58 0.00405 0.00404 94,389 381 94,198 2,372,402 25
59 0.00454 0.00453 94,008 425 93,795 2,278,203 24
60 0.00509 0.00508 93,582 475 93,344 2,184,408 23
61 0.00571 0.00569 93,107 529 92,842 2,091,063 22
62 0.00641 0.00639 92,577 591 92,281 1,998,221 21
63 0.00713 0.00711 91,986 653 91,659 1,905,940 20
64 0.00797 0.00794 91,332 725 90,969 1,814,281 19
65 0.00895 0.00891 90,607 807 90,203 1,723,311 19
66 0.01007 0.01002 89,800 899 89,349 1,633,108 18
67 0.01137 0.01130 88,900 1,004 88,397 1,543,759 17
68 0.01273 0.01265 87,895 1,111 87,338 1,455,361 16
69 0.01431 0.01420 86,783 1,232 86,166 1,368,022 15
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70 0.01609 0.01596 85,551 1,365 84,866 1,281,856 14
71 0.01811 0.01795 84,186 1,510 83,428 1,196,990 14
72 0.02036 0.02016 82,675 1,666 81,839 1,113,561 13
73 0.02333 0.02306 81,008 1,868 80,071 1,031,722 12
74 0.02660 0.02625 79,140 2,077 78,097 951,651 12
75 0.03022 0.02977 77,063 2,293 75,910 873,553 11
76 0.03421 0.03363 74,769 2,514 73,505 797,643 10
77 0.03849 0.03775 72,255 2,727 70,882 724,137 10
78 0.04347 0.04254 69,527 2,957 68,037 653,255 9

79 0.04897 0.04779 66,569 3,181 64,965 585,217 8

80 0.05516 0.05367 63,388 3,401 61,671 520,251 8

81 0.06233 0.06042 59,986 3,624 58,155 458,580 7

82 0.07083 0.06838 56,361 3,853 54,412 400,424 7

83 0.08097 0.07778 52,508 4,083 50,438 346,012 6

84 0.09238 0.08824 48,424 4,272 46,254 295,573 6

85 0.10533 0.09997 44,151 4,413 41,905 249,319 5

86 0.12015 0.11321 39,737 4,498 37,443 207,413 5

87 0.13795 0.12886 35,238 4,540 32,916 169,970 4

88 0.15177 0.14081 30,698 4,322 28,482 137,053 4

89 0.16771 0.15440 26,375 4,072 24,282 108,571 4

90 0.18618 0.16987 22,303 3,788 20,349 84,289 3

91 0.20929 0.18884 18,514 3,496 16,705 63,939 3

92 0.23678 0.21084 15,018 3,166 13,372 47,234 3

93 0.26602 0.23357 11,851 2,768 10,406 33,861 2

94 0.30106 0.25996 9,083 2,361 7,843 23,455 2

95 0.33997 0.28821 6,722 1,937 5,698 15,611 2

96 0.37847 0.31509 4,784 1,507 3,983 9,912 2

97 0.40911 0.33576 3,277 1,100 2,689 5,929 1

98 0.45117 0.36312 2,176 790 1,751 3,239 1

99 0.48808 0.38620 1,386 535 1,096 1,487 1
100 0.51046 1.00000 850 850 390 390 0
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1 0.00441 0.00440 100,000 439 99,779 7,712,147 77
2 0.00119 0.00119 99,560 118 99,501 7,612,367 76
3 0.00064 0.00064 99,441 64 99,409 7,512,866 75
4 0.00046 0.00046 99,377 45 99,354 7,413,456 74
5 0.00039 0.00039 99,332 38 99,312 7,314,101 73
6 0.00035 0.00035 99,293 34 99,276 7,214,788 72
7 0.00034 0.00034 99,259 33 99,242 7,115,512 71
8 0.00037 0.00037 99,225 36 99,206 7,016,269 70
9 0.00035 0.00035 99,188 34 99,171 6,917,063 69
10 0.00034 0.00034 99,154 33 99,137 6,817,891 68
11 0.00034 0.00034 99,120 33 99,103 6,718,754 67
12 0.00036 0.00036 99,086 35 99,068 6,619,650 66
13 0.00039 0.00039 99,051 38 99,031 6,520,582 65
14 0.00049 0.00049 99,012 48 98,988 6,421,550 64
15 0.00060 0.00060 98,964 59 98,934 6,322,561 63
16 0.00072 0.00072 98,905 71 98,869 6,223,626 62
17 0.00085 0.00085 98,834 83 98,792 6,124,757 61
18 0.00098 0.00098 98,750 97 98,701 6,025,965 61
19 0.00104 0.00104 98,653 102 98,601 5,927,263 60
20 0.00109 0.00109 98,550 107 98,496 5,828,661 59
21 0.00112 0.00112 98,443 110 98,388 5,730,164 58
22 0.00114 0.00114 98,332 112 98,276 5,631,776 57
23 0.00115 0.00115 98,220 112 98,164 5,533,499 56
24 0.00115 0.00115 98,107 112 98,051 5,435,335 55
25 0.00114 0.00114 97,995 111 97,939 5,337,284 54
26 0.00113 0.00113 97,883 110 97,827 5,239,345 53
27 0.00112 0.00112 97,772 109 97,717 5,141,517 52
28 0.00111 0.00111 97,662 108 97,608 5,043,799 51
29 0.00109 0.00109 97,554 106 97,501 4,946,190 50
30 0.00108 0.00108 97,448 105 97,395 4,848,689 49
31 0.00107 0.00107 97,343 104 97,290 4,751,293 48
32 0.00107 0.00107 97,238 103 97,187 4,654,002 47
33 0.00107 0.00107 97,135 103 97,083 4,556,815 46
34 0.00111 0.00111 97,031 107 96,978 4,459,732 45
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X M q, I, d., iy T, Sy
35 0.00116 0.00115 96,924 111 96,868 4,362,754 45
36 0.00121 0.00121 96,812 117 96,753 4,265,885 44
37 0.00129 0.00129 96,695 124 96,632 4,169,132 43
38 0.00138 0.00138 96,570 132 96,504 4,072,499 42
39 0.00144 0.00144 96,437 138 96,368 3,975,994 41
40 0.00152 0.00152 96,298 146 96,225 3,879,626 40
41 0.00161 0.00161 96,152 154 96,075 3,783,400 39
42 0.00171 0.00171 95,998 164 95,916 3,687,324 38
43 0.00183 0.00183 95,834 175 95,746 3,591,408 37
44 0.00198 0.00197 95,659 188 95,564 3,495,661 36
45 0.00213 0.00213 95,470 203 95,368 3,400,097 35
46 0.00230 0.00230 95,267 218 95,157 3,304,728 34
47 0.00247 0.00247 95,048 234 94,930 3,209,570 33
48 0.00266 0.00265 94,813 251 94,687 3,114,639 32
49 0.00281 0.00281 94,562 265 94,429 3,019,952 31
50 0.00302 0.00301 94,296 284 94,154 2,925,523 31
51 0.00327 0.00327 94,011 307 93,858 2,831,369 30
52 0.00358 0.00358 93,704 335 93,537 2,737,510 29
53 0.00395 0.00395 93,369 368 93,185 2,643,973 28
54 0.00449 0.00448 93,001 417 92,792 2,550,788 27
55 0.00508 0.00506 92,584 468 92,349 2,457,996 26
56 0.00570 0.00568 92,115 523 91,853 2,365,646 25
57 0.00636 0.00634 91,591 580 91,300 2,273,793 24
58 0.00706 0.00704 91,011 641 90,690 2,182,493 24
59 0.00780 0.00777 90,370 703 90,019 2,091,803 23
60 0.00856 0.00853 89,668 765 89,285 2,001,784 22
61 0.00935 0.00931 88,903 828 88,489 1,912,499 22
62 0.01018 0.01013 88,075 892 87,628 1,824,011 21
63 0.01107 0.01101 87,183 960 86,702 1,736,382 20
64 0.01202 0.01195 86,223 103 85,707 1,649,680 19
65 0.01308 0.01299 85,193 111 84,638 1,563,973 18
66 0.01428 0.01418 84,086 119 83,488 1,479,334 18
67 0.01570 0.01557 82,894 129 82,246 1,395,846 17
68 0.01741 0.01726 81,603 141 80,896 13,135,100 16
69 0.01916 0.01898 80,194 152 79,430 1,232,703 15
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X M q, I, d., iy T, Sy
70 0.02118 0.02096 78,672 165 77,845 1,153,273 15
71 0.02350 0.02323 77,023 179 76,125 1,075,428 14
72 0.02615 0.02581 75,234 194 74,259 999,303 13
74 0.03160 0.03111 71,189 221 70,076 852,809 12
75 0.03468 0.03409 68,975 235 67,792 782,733 11
76 0.03827 0.03755 66,623 2,501 65,364 714,940 10
77 0.04225 0.04137 64,121 2,652 62,786 649,575 10
78 0.04646 0.04539 61,469 2,790 60,063 586,789 9
79 0.05334 0.05194 58,678 3,047 57,141 526,726 8
80 0.06016 0.05839 55,631 3,248 53,990 469,584 8
81 0.06689 0.06470 52,382 3,389 50,669 415,594 7
82 0.07348 0.07085 48,993 3,471 47,236 364,924 7
83 0.07985 0.07674 45,522 3,493 43,752 317,687 6
84 0.08626 0.08264 42,028 3,473 40,267 273,935 6
85 0.09362 0.08937 38,555 3,445 36,805 233,667 6
86 0.10259 0.09751 35,109 3,423 33,368 196,862 5
87 0.11427 0.10798 31,686 3,421 29,942 163,493 5
88 0.13104 0.12282 28,264 3,471 26,491 133,550 4
89 0.15146 0.14055 24,793 3,484 23,007 107,059 4
90 0.17485 0.16042 21,308 3,418 19,549 84,052 3
91 0.20117 0.18223 17,890 3,260 16,205 64,502 3
92 0.22940 0.20499 14,630 2,999 13,073 48,296 3
93 0.25715 0.22674 11,631 2,637 10,256 35,223 3
94 0.28283 0.24635 8,993 2,215 7,833 24,967 2
95 0.31435 0.26973 6,778 1,828 5,816 17,133 2
96 0.35316 0.29753 4,949 1,472 4,170 11,316 2
97 0.38559 0.31995 3,477 1,112 2,885 7,146 2
98 0.40626 0.33386 2,364 789 1,943 4,261 1
99 0.46589 0.37242 1,575 586 1,259 2,318 1
100 0.49111 0.38805 988 383 781 1,058 1
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