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Abstract:

This project analyzes an annuity product that suits the necds of many of today's American
families nnder moderate assumptions. It helps in the study of the pricing accuracy in a
mutual life insurance company and better understand the extent of the analysis and
computations involved in developing a 20-year deferred annuity product designed for a
group of 1000 people; ages ranging from 30 - 40 years and having a 3-vear old child.

L. INTRODUCTION

In this project, we develop, evaluate and analyze a new annuity product that meets
the needs of today’s American families under moderate assumptions. This helps study
the pricing acenracy in a mutual Iife insurance company and understand the analysis and
computations involved in developing a 20-year deferred anmuity product for a group of
1000 people; ages ranging from 30 - 40 years and having a S-vear old child. Questions
such as the following will be discussed and answered in this project.

1. Evaluation of the gross premium

2. Balance sheet for the line of business for beginning of yvear 1 before any policy is
sold, middle and end of year 1, middle and end of year 5, middle and end of vear
10, and end of vear 20 after all premiums are paid

3. Summaries of operations (profit and loss statement) for years 1, 2, 10, and 20

4. Analysis of the sources of any profit or loss made on the overall twenty-vear line of
business of this form

II. ASSUMPTIONS

For this praject, pricing guidelines, actuarial assumptions, premiums and henefits are
determined on the basis of:

1. Pricing guidelines:

¢ Break-even between 5 to 10 years

e Profit margin is 0.5%
2. Actuarial assumptions:

L] L t = .'- ]

e Life table assuming that mortality is based on the familiar 5% tables



3. Premiums:

» Level gross premium paid at the beginning of each month during the deferred
period

1. Benefits:

e Survivor Annuity payment of $3,000, payable at the beginning of each month
after the deferred period

o Death $100,000 pavable upon the moment of the death during the deferred
period

« Tuition A 13-year deferred 3-year temporary life annuity of $15,000 payable
continuously

» Surrender Refund of premiums without interest subject to certain surrender
charges

Evaluation of a complete premium analysis of a 20-vear deferred annuity product re-
guires additional assumptions. A mederate set of assumptions is sought to evaluate this
product and to give a summary of reports and to have discussion of the findings. These
assumptions can be easily justified under insurance industries standards. The following
assumptions are made to analyze this product according to the given deseriptions:

(a). During the entire process of this praject, the UDD (Uniform Distribution of Death)
assumptions were used in order to simplify the computations to a greater extent.

(). The familiar 3% Life Table [1] is the source of all information.

(). A group of 1000 people is distributed randomly according to their ages 30, 31, 32,
=oe, 38,40, as 110,90, 100, 120, 70, 90, 80, 100, 80, 70, and 90, respeetively.

(d}). For all amounts that are reflected in this project assumed to have all benefits paid
at the time of the evaluation.

{e). It is also assumed that every person of this project group has a 9-year old child,
who is qualified to receive the benefit.

(1). An additional amount of expenses has been considered to be a policy maintenance fee
of 550.00 per policy/per year in addition to a surcharge of 0.1 * the gross preminm
(Lo be charged.

(g). Leading is 10% of the net premium &, which has been chosen to compensate the
Federal Income Taxation (FIT), commissions payable and other expenses that have
not been taken into consideration.

(h). Mortality rates for withdrawal :;ri"’]' are considered to be a maltiple of qi"]' for various
age groups, where x is the age of the individual.

2¢", for0 < k <3,

‘?{w]u - lqi",:'t for 6 < & < 10,
R Lot for 11 < k < 15,
0 for 16 <k < 20,



(i). To ease computational difficulties of integrations, at various stages of the project,
we have considered the discrete analogue of the same with appropriate normalizing
factor.

{i). We also assumed that at the end of the annuity payable period, namely 20 vears, the
benefits were all paid thus, making no contribution to the rest of the computations.

(k). Surrender Charges (SC); There is no Surrender Charges during the first year of the
eoverage, and the return of 5% of the gross premium collected thercafter from the
issue of the policy will be made according to the table.

Rate of Return Year

] 1
8% 2
10% 3

4

15%

III. PREMIUM ANALYSIS
The computations were based on the following rule of Equivalence Principal [1].
Notations are in accordance with abbreviations found in the literatures [1].

12 x Gﬁil:gl = DB + Tui. + Exp. + CV 4+ Ann. + Pro. Mar., where
- i

DE = ‘.IIZEJ .
= 100, 000 = ;5{.4; =20 Erymodrsm);

Tui. = 15, (I = i[u”’ 1P 13 = Uu 14 14 =+
i 15Pr 1509 + ' 16Pz 167 + i 178 17Pa);
Ann. = 12 % 3,000 xgp |0
= 12 % 3,000 x (o(12) 20 Esti,ia — H{12) wEs);
19
CV = 12xG Y 0.06 x v k{k +1)¢');
k=1
Exp. = 0.1 %12 x Gy + 50 x i,
B = d = gy nEs

= a(12)(fs —m0 Ex iizsa0) — B12)(1 —20 E.); and

Profit Margin = 12 x 0.005 x Gé_ g3,

Break Even analysis is subjected to

12 % Gi\qy, — ( Total Liabilities for first 10 years ) + 12 x Gl 1) o
= PV| Future Liabilitics |,

hased on the end of the vear calculation to solve for &, where

3



Ann. - Annuity

Thi.

- Tuition

Exp. - Expenses

DB
oV
PV

Pro.

- Death Benehits
- Cash Value
= Present Value

Mar. - Profit Margin.

IV. SUMMARY OF RESULTS

The following discussions and analysis were appropriate for this study.

(a).

(b).

{e).

(d).

{e).

(f).

The initial computation shows that the premium is o0 expensive beyond someone's
imagination, mainly due to the nature and the extent of benefit package that has
been designed. This could be a real burden on an average family, beeause the gross
premium is too large (more than 51500 per month). A substantial reduction conld
be obtained for a lesser benefit package. For example, we could decrease the annuity
payment to $1500 - 1000,

It is also assumed that the Insurance Industry does not have a starting funds
to begin with its operations, and also to meet any maintenance cost, andfor any
operational logisties.

An increase of the premium is suggested to off set any reserve, if such reserve is
required by the Law.

Since the product is forced to be break-even at the end of 10 years it continued
to generate profit in the subsequent years unless an unexpected epidemic caused to
have died a larger portion of this group, which in fact could deviate from the figures
given in the Life Table.

In our case, it is required G* < & to break even at the end of year 10, where & is
the adjusted premium. We could have achieved break even prior to 10 yvears, il we
were to use of & instead of &°.

The Profit/Loss in usual notations is computed according to
Profit{Loss) =

{Annu. + Tuit. + Death Bene, + Surr. Charges + Expen. + Profit - G),

where (& is the gross premium.

The summary of results is comprising the following.

(i).

Year-end worksheets depicting the amounts of premium collected, benefits paid,
expenses incurred ete. for year 1 to year 20 - Worksheets (a) are attached,



(ii). Worksheets that depict and summarize the break even analyvsis - Workshoeets (b)
are attached.

(ii1). Yearly account surnmary after preminm adjustment - Worksheets (¢} are attached,

V. WORKSHEETS
Worksheets for (i), (ii) and (iii) of IV are given below in USS.

(1). Evaluation of Gross Preminm (Prem.):

Age |No.of Middle of the year 1
Group (x)|People Annu
40 110 54, 1 .
N B0 3259.5 TI1682574.02
a2z B0 3|T2.03] 788125280
33 100 4530, BS54E80.30
34 70 3365.88] 584240060
35 60 3052.07] 4879190.72
36 80 433262] 6329380.81
v 110 5347.00] - B454290.42
38 120 Targ63]| 8044019689 2058803.00
39 60 394795 4330182.16] 102723185
40 120 442 53] 8360637.10] 2041028.48
Total 1000 |
End of the year 1
ﬂ@%’{m Tultion Loss/Profit
Ta. 387084719 | 21B11757.56
14168508.50 2807076.51 | 1557618594
15580448,08 | 31479657.49 | 17189472.65
16820750.03 48560276 | 1871846207
115553152 48 2430587.26 | 1282471384
Pe4RTE0.00 2074641.12 | 10748075.36
1251703453 27534583.16 | 1399478526
16T18092.47 2766944 15 | 1B767591.49
1TGEERAE 26 4086725.74 | 19940028.35
8561434.24 | 203089042 | 9696030.60
168548522 89 4035052.35 | 18833064.57
End of the year F] |
Pramium aath Ban.
4043728.08 783460096
2B85564.42 5753588.11
3205133.48 645275157
3501455.01 7144888.25
240818983 4082154.75
20268540.38 425248029
265080548 5843807 .55
J572915.10 Tr21074.52
381773913 B376380.07
1568108.47 4162778.87

3553797.48

8270188.35




Tuition
. T69] 19253530.71
6892262.78] 40176.55] To475606.81] 13962702.79
7626250.51]  48102.84] 77545530.26] 1565872421
8328083.13] s56918.84| B4160445.55] 17338548 91
5725114.23| 42443.80] 57482180.80] 12090975.04
4815458.52] 38004.68] 48004010.68] 10320577.34
6285427.34] 55431,32] 62270148.05) 136968017.56
8480339.21] B1848.97 83172047.55] 18740668.25
0055618.04] 95580.26] avsseasz 27] 20332408.96
4428184.78] 51334.73] 425972681.76] 10105156.23
8553855.82] 110634.57] 82330650.31] 2007723858
Premium
End of the year & Justed Total] Fremium |To break-aeven
Premium | Death Ben.] Ann Premium Divisor | Adj. Premium
10806428 39  117566,78) 1 ; | 131307763.47]  1475.03 17576.11
7802373, 90418.77| T8Z58566.88 35| eaosi288.42] 93853862.00 5436.44. 1726381
8636180.41] 108257.81] 86103563.62| 173868840.54] 54962472.08] 10359886247 811520 1664117
9434451.07] 128009.29] 93451020.03] 19250701.15] 103396278.41] 112830720.48]  B7H3.7T1 16508.11
8488380, 95521.00{ 53818711.60] 13423397.21] 70847250.37] T7aase30.T0)  47s4ms 16264,
5450883.83|  B7657.34| 53280402.67| 11456024.50] 6037400078 64833074801  4074.82 15510.
7141485.41| 124751.54] 69120156.04| 15204853.86] 77308285.94] B84449772.34] 543225 15548.01
0625240.24| 183755.97| 0231320180 20800140.88] 103671868.21] 113207008.45]  7467.64 16171.3
10284266.12) 215109.17| 97658108.35] 22564309.15] 110151268.55] 120435524 67 8144894 14788.5
5032269.30] 115531.93| 47287488.81| 11213052.86] 53563802.10] 58506071.40  407T1.49 1439184
9841351.06] 248989.82] 91344715.00] 22275418.18] 104027771.93] 113869123.88] 814077 13987.51
Middle of the ysars |
ath Be Annu Yullon | LossiProft |
309 5535.50] 23 o] 4 53.58] 260707956.11]
1668521433 36 160188170.15] 33510304.43] 18817526861
18443333 .4 186151736.07| 275809508.38] 20545681921
20148695.58 § 2020445835.84] 41620338,33] 223705835.15]
13857334.28 137076950.03] 20022484.74] 1532843090.92
11661188.70 115220304.13] 24771681.42] 120482148 .00
15253254 57 149453963 41| 32876475.81| 187265660.38
20559151.99 199611790.15| 44976809.77| 224308165.08
21067801.41 211174487.20 238328501.74
10749766.33
332%34 19?54-542559

B



[ Endoltheysaid
T 4

Annu Tultion

. B8Ol 24 el 4853492500
17746721.57) 281420.28] 178001135.45] 35265730.70 .
18641880, 74] 338978904 155830064, 39544029.19] 216072090.01
214556085.27) 403628.14] 212526750.74] 43779609.56| 235254593.17
14754448 31] 303526.58] 145117720.14] 30524405.41| 16119130282
12414419.44] 280162.89] 12118680365 28050162.84| 135082789.65
16235167.24] 4020492 157144452, 34568200.68] 175876543.30
21880561.25] 504550.71] 208850520.88) 4T7283817.03] 23584833639
23375630.7T7] O0OB44.54| 221967204.88) 51287490.57] 250578509.33
11436487220 3TTG10.63] 107421363.03) 25483085.54| 121845572.04
22382371.20F 816154.085] 207561066.64) S0616059.26) 23653090060

End of the year 20
Fremium . nu
8497 1.45] 182 1.28] 65530 A1
-IEEHTE-UE.ED' 1614180, 00 466472781.21
51458437.80] 1839362500 51304270021
55191611.84] Z208331.86] 556507322 81
JEE268TE.3T| 167239653 AT9014359.
32487911.18] 1548420 88] 317086658,
42470748,92] 2232399.21] 411058021,
ST207589.05] 3317351,00] S484850828.
61084295.04] 3012347.02] 580034280,
28887T91.44) 2115490.51] 2805431
583685267.62] 4569451.55]541727.
Benefit | Annuity | Tuition | Expenses | Surrender Profit Prem. | BR Adj Prem.
J331.98 | 181153.26 | 35140.89 | 26490.41 725.70 14698.28 | 1714.54 1582.22
356249 [177301.96 | 35049.20 | 26070.31 T63.22 14259.69 | 1688.77 155534
J814.09 |173511.04 | 34948.96 | 25637.93 803,50 13816.36 | 16G2.31 1527.69
4089.17 | 16951092 | 34893.458 | 25193.55 846,80 13369.15 | 1635.18 149930
438916 | 165390.71 |34719.61 | 24737.07 8593.11 12018.83 | 1607.41 1470.17
4716.48 |161153.25 | 34588.79 | 24269.13 043.07 1246G6.40 | 1579.01 144032
G074.73 | 15679848 | 3444568 | 23789.04 00G.42 12002.96 | 1550.03 1409.79
5463.33 | 152329.97 [ 34280.50 | 23299.72 1052958 1155910 | 1520.47 137H.61
SBET.15 | 14Y750.25 [34119.03 | 2270928 1113.49 1T106G.25 | 1490.39 134d6G.81
634858 | 14306253 (3303208 | 22989.11 117801 10655.52 | 1459.83 1314.43
GE50.TG | 13827209 [33730.22 | 21770.11 1246.91 10208.14 | 1428.86 1281.52

50C




(ii). Break even Analysis:

Age M@m yr| BR Sur F10 yr| BR Sur 510 yr | BR Exp F10 yr
a0 22510163 313581.06 59.61 14.08 1668,
M 195369.51 27T6030.08 51.89 12.38 1384.01
32 230586 87 F3:0261.00 61.45 14.78 1513.49
23 294483.76] 42T095.89 Ta72 19.08 1681348
34 18313857 £HAT18.42 49,08 11.88 108612
35 25141617 3T2813.38 BT.57 16.60 1355.42
38 233038.41 35775407 B4.39 15.01 1202.42
i 318946.03] 483025.28 86.33 2147 1459.75
38 274404 64 417499, 7417 18.55 1196.94
38 257TT16.78 39481251 BA.TE 17.54 1044 58
40 355008.61 S4E626.80 85,51 24 37 133917
BR Exp F10 yr] BR Exp 510 yr] BR Exp 510 yr] BR Tullion | BR Annu
7135147 1006 .32 42932 07 G6255258.68] 23r9Te57.28
SB326.56 a21.11 35035.80 53632834.71] 27148090.83
B4734.03 H.'FE.EE' JB818. 76 59509508.16] 20587590.85
Tr585.08 108795 46438 43 7151106.89] 34793595.67
4519610 532,38 2699701 4171262.11 19870Z67.50
SBOZ2 T8 B0G.87 H5681.25 5352816.17] 2498599080
£1490.87 T1E.79] J0613.23 4TEETE1.99] 21698631.82
B424T.91 B91.76 38095.26 5OSB1TE.T2] 26460007.03
P 81297 12 T0a.72 J0I26.67 4T65343.92] 20840343.02
44737.81 617.48 26393.00 4170417.28] 17582613.53
57447.06 788.98 33733.68]  5381873.15] 21g80210.88]
ER Pre F10 yr | BR Pre 510 yr | BR Pro F10 yr | BR Pro F10 yr | BR Adj Prem I Premium
1804808 10751.50 50.32 158222 1714.54
14816.66 Eﬂﬂﬂ.ﬁﬂl 41.08 15565 34 168877
16522.88 8&801.10 45 48 1527.60 1662.31
19906.07 11778.45 54,40 145930 1635.18]
1166227 cB881.12 31.62 147017 160741
15065.45 BE50.81 40.45 440,32 1878.01
13460 95 7888 64 35,04 1400.78 1655003
16820.78 BETE.42 44 59 137B.61 152047
13619.68 791370 3549 1345.81 148038
1199687 683549 30.87 1314.43 1458.83
15537 .23 893096 38.45 1281.52 142885




(ii1). Account Summary After Premivm Adjustment:
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VI. DISTRIBUTION OF BENEFITS

As we see in the Pie chart, a larger portion of the benefit package is for the Annuity.
Death Benefit is about 2%, and rest of the benefits is less than 15%.

Distribution of Banafits

Anrmity
Benats T
1%
Profi
%
O Banefit
B Annuity
Surmendear O Tuithan
0% O Expenans
Expenses B Sumrandar
1088 | D FrofE |
ol sd
13%

VII. CONCLUSIONS

This topic has been presented in a course on life contingencies. The method of
analysis gives an accurate way to pricing an insurance product. The motivation is based
on use of equivalence principle. Generalization of a complicated product can be similarly
derived due to familiar steps already found in this analysis. The entire example presentecd
here, and many similar enes, can be done with a minimal amount of caleulations. Thus,
the method is a source of many ideas and computations. Though granted, this may not
provide much motivation for us, but the method is an interesting technique using key
ideas from the topics. As such, it is worthy of consideration for actual insurance model
used in the industry.
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