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Inflation can be a big problem when trying to determine one's life 

insurance needs. What may seem to be an extravagant amount in death 

benefits today, may not be enough to support your survivors in thirty 

years. As a direct result of this, life insurance companies have been 

looking at ways to allow the death benefit of a policy to increase as the 

value of the dollar decreases. 

Many different types of products have been marketed in the last two 

decades to help fight this inflationary force. Included in these are 

products where the inflation risk is completely assumed by the policy 

holder. The insurance company just makes provisions for the acquisition 

of additional insurance on a favorable cost basis, and without evidence 

of insurability. In another type of product the insurance company pro

vides the means to offset inflation by allowing the cash values to vary 

according to the investment performance of a separate account. And, in 

yet one other type of policy, the insurance company assumed the inflation 

risk, and the value of the policy varies according to some type of index. 

It is with the latter two products that the following paper is concerned. 

A policy given the name fixed premium variable benefit was pre

sented by J.C. Fraser, W.N. Miller, and C.A. Sternhe11 in the 1969 

Transactions of the SOCiety of Actuaries. In order to fall into the 

category of fixed premium variable benefit a policy must meet three 

criteria: 

(1) have fixed premiums 

(2) the entire reserve is held in a separate account, the 

assets of which would be invested primarily in common 

stocks 
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(3) the benefits are adjusted to reflect the performance of 

the separate account in such a way that the policy holder 

assumed all investment risk and the insurance company 

would share no part of this risk. 

Face amounts under such policies are adjusted at the end of each 

policy year in order that the reserve per dollar of actual face amount 

for a fixed premium variable benefit policy be exactly the same as for a 

corresponding fixed benefit policy. "It is shown that the actual face 

amount applicable at the end of any policy year is equal to the actual 

face amount applicable at the end of the preceding policy year multipli~d 

by a Y factor, representing the adjustment to reflect the fact that a 

fixed premium is payable, and a Z factor, representing the adjustment to 

reflect the relationship between the actual net annual investment return 

on the separate account during the policy year and the interest rate 

assumed in the calculation of net annual premiums and reserves~* 

The actuarial research for this product was done at the New York 

Life Insurance Company and is presented below. It is assumed that there 

is no statutory or regulatory problems to take into account at either 

the state or federal level. 

Symbols used are as follows: 

P = Net level annual premium for a whole life policy issued x 

at age X. 

i = interest rate assumed in the calculation of the net annual 

premium and reserves. 

* John C. Frase~, Walter N. Miller and Charles A. Sternhell, n 
Analysis of Basic Actuarial Theory for Fixed Premium Variable Benefit 
Life Insurance,n Transaction§ of the Society of Actuarians, 1969, p. 343. 
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i~ = E'.ctt:.al net annual investment return on the separate account 

during the tth policy year, including realized and unrealized appreciation 

and depreciation. 

qx+t-1 = rate of mortality at attained age x+t-1. 

tVX - terminal reserve at the end of policy year t for a whole life 

policy issued at age x. 

Ft = fact amount at the end of the tth policy year. (The initial 

face amount Fo = 1). 

To begin the development of equations it is easiest to start out 

with a familiar equation that shows tr.e relationship between successive 

terminal reserves under a fixed premium fixed benefit whole life insurance 

policy for a face amount of $1. 

(1 ) 

Now consider a fixed premium variable benefit whole life insurance 

poliqy with an initial face amount of $1. It is assumed that the reserves 

of this policy will be invested in a separate account and that the face 

amount of this policy will be adjusted annually to reflect the investment 

performance of the account; the entire investment risk being borne by the 

poliqy holder. Also, it is required that the reserve per $1 of face 

amount at the end of each poliqy for the fixed premium variable benefit 

policy be the same as for the corresponding fixed premium fixed benefit 

policy. The counterpart to equation (1) for a policy of this type is 

(2) 

which can be rewritten as follows: 
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B,y referring to equation (1) we can see that the expression in brackets 

on the right side of equation (3) is equal to (-t-I Vl: + Pot) (Hi). Sub

stituting this into (3) gives us 

(4) 

This implies that 

or 

F = F+.-d ,,·,VI + &/F*-A\ ( It Lit ). 
t -t·IV~ + Pit / UL 

(6) 

B,y equation (6) it is seen that the face amount Ft at the end of 

policy year t can be found by multiplying the face amount at the end of 

policy year t-1 by tvo f~ctors, Yt and Zt' where 

t-I V-x + Px/F .. -! 

to-I VI + Pit 

Zt = J..ti:tIi.. 
Itt. 

In term of factors we have 

(8) 

Thus, it can be seen that the face amounts under the fixed premium 

variable benefit policy involves the use of a recursion equation. 

For the first policy year, we have 

F = 1 ; (10) 
0 

Y + OV7., -t ~ IfQ = 1L = 1 ; (11 ) 
o V-x l' Px ,oJ 

Z = .l.i1L ; ( 12) 
It L 
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and for the second year we have 

Z~ = 1+L'a ; 
Itt 
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(13) 

(14) 

(16) 

To obtain the face amounts for subsequent years the process is continued 

making repeated use of equations (7), (8), and (9). 

Even though the above development was for a whole life policy, it 

should be obvious that the process can be extended to any standard form 

of insurance, such as endowment, term, and limited payment plans. 

It should be noted that after a policy becomes paid up 

=~= 1, 
+.-\'V 

(17) 

and the face amounts each year change only according to the Zt factor. 

Table 1 illustrates the calculation of face amounts of insurance 

for the first three policy years under a fixed premium variable benefit 

whole life policy with an initial face amount of $1,000 issued to a male 

aged 25, under various levels of investment performance. The next level 

annual premiums and reserves are based on the 1958 CSO table, 3 percent 

interest, and traditional functions. Calculations are shown for constant 

net annual investment returns of 0, 3, 6, and 9 percent on the separate 

account, including realized and unrealized appreciation and depreciation. 

(A similar table for a male age 55 can be found in "Analysis of Basic 

Actuarial Theory for Fixed Premium Variable Benefit Life Insurance," by 

Fraser, Miller and Sternhel1, TSA 1969). 
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TABLE 1 

ILLUSTRATIVE CALCULATIONS FOR FIRST THREE POLICY YEARS FOR 

FIXED PREMIUM VARIABLE BENEFIT WHOLE LIFE POLICY FOR 

INITIAL FACE AMOUNT OF $1000 ISSUED TO A MALE 25 

(Net Level Premiums and Reserves Based on 1958 
CSO Table, 3 Per Cent Interest, and Traditional Functions) 

6 

Net Annual Investment Performance 
of Senarate Account 

First Policy Year 

1 • Net level annual premium per 
$1000 $ 11.28 $ 11.28 $ 11.28 $ 11.28 

2. Initial face amount = 
1000 F 1000 1000 1000 1000 

0 
3 • 1 000 (1) ~ ( 2 ) 11.28 11.28 11.28 11.28 

4. Terminal Reserve per $1000 
end of prior year 0 0 0 0 

5. (3) + (4) 11.28 11.28 11.28 11.28 
6. (1) + (4) 11.28 11.28 11.28 11.28 

7. Factor Y1 = (5) ;. (6) 1.0000 1.0000 1.0000 1.0000 
8. Factor Z1 = (I +i'. ) .;. 1.03 0.9709 1.0000 1.0291 1.0583 
9. Fact amount under fixed 

premium variable benefit 
policy = 1,000 ~ = 
1000 Fo YI Z,= (2)(7)(8) 971 1000 1029 1058 

Second Policy Year 
1. Net level annual premium per 

$1000 11.28 11.28 11.28 11.28 
2. Face amount end of prior 

year = 1000 F, = (9)pr 971 1000 1029 1058 
3. 1000 ( 1) ;. (2) 11.62 11.28 10.96 10.66 
4. Terminal reserves per $1000 

end of prior year 9.62 9.67 9.67 9.67 
5. (3) t (4) 21.29 20.95 20.63 20.33 
6. (1.) + (4) 20.95 20.95 20.95 20.95 
7. Factor Y~ = (5) :- (6) 1.0162 1.0000 0.9847 0.9704 
8. Factor Z ~ = (1+ i.';» ~ 1.03 0.9709 1.0000 1.0291 1.0583 
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TABLE 1, Cont. -
, 

9. Face amount under fued 
premium variable benefit 
policy = 1000 F;) = 
1000 F,I,.1Z3 = (2)(7)(8) 958 1000 1042 1087 

1. Net level annual premium Third Policv Year 

per $1000 11.28 11.28 11.28 11.28 

2. Face amount end of prior 
year = 1000 FJ = (9)pr 958 1000 1042 1087 

3. 1000(1) ; (2) 11.77 11.28 10.83 10.38 

4. Terminal reserve per $1000 
end of prior year 19.65 19.65 19.65 19.65 

5. (3) + (4) 31.42 30.93 30.48 30.03 

6. (1) + (4) 30.93 30.93 30.93 30.93 

7. Factor YJ = (5) ~ (6) 1.0158 1.0000 9.9855 0.9709 

8. Factor Z = (j tL'J) ~ 1.03 0.9709 1.0000 1.0291 1.0583 

9. Face amount under fixed 
premium variable benefit 
policy = 1000 F, = 
1000 F Y Z = 2 4 10 .J J J ()(7)(8) 9 5 00 1057 1117 
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Table 1 assumed that actual investment performance rates remain 

constant for every policy year. In realistic world conditions it is 

natural to assume that the investment performance would do just the 

opposite and fluctuate over time. In order to reflect this fluctuation, 

Fraser, Miller, and Sternhell developed a computer program to product 

stock market cycles which resemble the real world situation. This simu~ 

l~ted investment performance was determined through the product of the 

following three factors: 

1. A trend factor, which is a regular interest accumulation at the 

assumed underlying net annual investment return. 

2. A cycle factor, which behaves like the market cycles found in the 

real world and varies randomly for each situation. 

3. A random factor which is independent of the trend on cycle 

factors. 

The results are shown in Table 2 along with the results when the 

underlying net annual investment return is held constant for returns of 

0, 3, 6, and 9 per cent. It should be understood that the results in 

Table 2 are the numbers from one simulation of the program and not the aver

age of many simulations. 

Keeping in mind that the reserve per dollar amount at the end of each 

policy year for a fixed premium variable benefit policy should be exactly 

the same as the reserve for a fixed premium fixed benefit policy, it is 

important to analyze what type of accommodations need to be made in order 

that the fixed premium variable benefit policy will keep in line with the 

standard valuation and nonforfeiture laws. 
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TABLE 2 
ILLUSTRATIVE FACE AMOUNTS FOR FIXED PREMIUM VARIABLE 

BENEFIT WHOLE LIFE POLICY WITH INITIAL FACE 
AMOUNT OF $1,000 ISSUED TO A MALE AGE 55 

(Net Level Premiums and Reserves Uased on 1958 C.S.O. Table, 
3 Per Cent Interest, and Traditional Functions) 

NET ANNUAL lNVESTIiENT PEaFOR"""CE or SEPARATE ACCOUNT 

END or 
POLICY 

;'-0% ,'-3% ,'-6% ,';;a9~ 

YEAR 

Con-
Simulat<d Constant Simulat<d Constant Simulatod Constant Simulatod st;u>t 

---- ------ ------- ---
1 ...... , $971 $ 968 $1,000 $1,035 $1,029 $1,043 $1,058 $1,086 
2...,." 959 991 1,000 1,070 1,041 943 1,084 1,021 
3 ...... , 948 1,036 1,000 9Q.l 1,054 1,145 1,110 1,152 
4 ....... 937 838 1,000 908 1,067 1,100 1,137 1,033 
5 ... , ... 926 846 1,000 920 1,080 1,174 1,165 1,257 

6 ....... 915 888 1,000 1,059 1,093 960 1,194 1,264 
1.. ..... 904 909 1,000 1,068 1,106 991 1,224 1,231 
8 ..... , , 893 !l12 1 ,()()() 1,030 1,120 1,097 1,255 1,185 
9., .... , 883 908 1,000 924 1,134 1,229 1,287 1,136 

10 ... , .. , 873 !l81 1,000 841 1,148 967 1,320 1,391 

11. ...... 863 9Q.l 1,000 981 1,162 1,245 1,355 1,209 
12 ...... ' 853 876 1,000 976 1,177 1,260 1,391 1,511 
13 ....... 84J 820 1,000 1,138 1,192 1,194 1,428 1,478 
14 ....... 834 811 1,000 1,047 1,207 1 ,220 1,466 1,580 
15 .... .. 825 797 1,000 988 1,222 1,220 1,505 1,536 

16., . ' , .. 816 974 1,000 1,057 1,237 1,288 1,545 1,717 
17 ....... 807 873 1,000 1,030 1,252 1,420 1,586 1,600 
18 .... ,. , 71)9 716 1,000 !l98 1,268 1,293 1,628 1,597 
19 ....... 791 802 1,000 1 ,O')() 1,284 1,305 1,672 1,494 
20 ....... 783 782 1,000 877 1,300 1,162 1,717 1,704 

21 ....... 77S 831 1,000 1,131 1,316 1,396 1,763 1,741 
22, ... , .. 767 806 1,000 950 1,332 1,114 1,81l 1,797 
23 ....... 760 833 1,000 1,112 1,348 1,398 1,860 1,668 
24" .... , 753 863 1,000 952 1,364 1,400 1,911 2,042 
25 ....... 746 737 1,000 1,02!l 1,381 1,630 1,963 2,030 

26 ....... 739 732 1,000 1,008 1,398 1,587 2,016 2,072 
27 ....... 732 617 1,000 927 1,415 1,512 2,071 2,260 
28 ....... 725 723 1,000 1,078 1,432 1,396 2,128 1,808 
29 ...... , 719 733 1,000 1,050 1,449 1,325 2,186 1,839 
30 ... , ... 713 819 1,000 1,0-16 1,466 1,519 2,245 2,322 

31. ...... 707 793 1,000 987 1,483 1,275 2,306 2,410 
32 ....... 701 651 1,000 1,080 1,500 1,619 2,369 2,422 
33 ....... 695 667 1,000 959 1,517 1,429 2,433 2,519 
34 ....... 690 706 1,000 1,030 1,535 1,565 2,499 2,Oll8 
35 ....... 685 727 1,000 1,064 1,553 1,591 2,567 2,608 

36 ...... ' 680 704 1,000 1,032 1,571 1,750 2,637 2,857 
37 ...... , 675 600 1,000 1,043 1,589 1,503 2,709 2,492 
38 ....... 670 667 1,000 969 1,607 1,584 2,783 2,889 
39 ....... 665 629 1,000 1,055 1,625 1,704 2,859 2,993 
40 ...... , 660 698 1,000 910 1,643 1,735 2,937 3,054 

41.. .... 655 693 1,000 1,026 1,662 1,576 3,018 2,533 
42 .... , .. 650 695 1,000 1,064 1,681 1,546 3,102 3,068 
43 ...... , 645 587 1,000 970 1,700 1,532 3,189 3,755 
44 ....... 640 563 1,000 947 1,720 1,835 3,279 3,488 
45 ....... 635 722 1,000 1,070 1,740 1,959 3,373 2,973 

-

* From "Analysis of Basic Actuarial Theory for Fixed 
Premium Variable Life Insurance,", TSA 1969, p. 350. 

9 



-
10 

The basic idea behind the standard valuation law is providing minimum 

reserve requirements that life insurance companies can use to calculate the 

reserves they are required to hold in order that they will be able to meet 

their future liabilities due to their in-force life policies. Thus, the 

law refers to a maximum interest rate, a conservative mortality rate, and 

a prospective valuation method. 

In examining the net level annual premium reserves for a fixed 

premium variable benefit policy from a prospective standpoint, it is 

assumed that future investment performance of the separate account will 

be at the assumed rate i which is used for calculation of net annual 

premiums and re3erves. With this in mind, the net level annual premium 

reserve will reflect future face amount Ft.+1 )F~tOl)' • • for the variable 

life policy which can be calculated using formulas (1), (8), and (9) pre-

sented earlier in this paper. With the exception of the initial face 

amount, these face amounts will not be level. 

The present value of future benefits can be presented in the 

following manner: t yto

, (C~+tt~)( Fi:'~t,) A'Ate == (18) 1'tt a::.o 
where the commutation functions are evaluated at the assumed interest 

rate 1. Taking into account that all Ztfactors are 1 for the assumed 

interest rate i, the future face amounts Ft-tl ' F t.i~' . 

using 

are calculated 

(19) 

The present value of the fixed net level annual premium, P~ is 

denoted by Pta.'Xft' with Q.'Xtt. computed at interest rate 1. Therefore, 

the prospective reserve for the variable life policy is equal to: 
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(21) 

However, it was indicated earlier that the reserve for the variable 

lif e policy could be denoted as F t (t V'1. ). Since t. Va = A Xtt -P a. Xtt , it 

is easily shown that 

Ft (tV'¥.) = Vi:; A~+t. - Ft:Px Q.1'+t ) (21 ) 

which is also an expression for the prospective reserve for the variable 

life product. Expression (21) is different from (20) in that expression 

(21) involves only a level benefit Ft rather than the nonlevel benefits 

defined by expression (19), (21), also, involves a net level annual pre

mium FtP1 rather than P~ of equation (20). 

Therefore, it is essential to establish an equality between (20) 

and (21), that is, that 

A1·x-tt - P-x Q:xt t:: Fe (t v1J = Fe A?Ctt. - Ft P-x Q.'Xti' (22) 

Equation (22) is proved by Fraser, Miller and Sternhell in TSA 1969, 

pages 372-375. This proof can be generalized to encompass policies 

generally, not just whole life. It can also be generalized to cover any 

assumption of future investment performance, and reserves computed other 

than the net level annual premium method. 

From this proof it can be stated that Ft{~V)is the correct terminal 

reserve for a variable life product, "since it automatically takes into 

account the present values, under any level of actual investment perfor-

mance, of the future benefits that will be payable and of the actual 

fixed net premiums that will be payable, based on the particular interest 

* rate assmnption and valuation method chosen." 

* lJWi., p. 360. 
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This is not an unexpected result, though, when you take into consideration 

that under this variable life policy the insurance company doesn't bear 

any of the investment risk. 

Since F~L~v)is the correct terminal reserve for a variable life 

product, finding the proper minimum reserve would be the same as 

finding the minimum standard fortVwhich corresponds to a fixed benefit 

policy. Therefore, no changes need be made to take into account the 

standard valuation law. 

In analyzing the standard nonforfeiture law some aspects of the law 

relating directly to the variable life product become apparent. According 

to the nonforfeiture law the life insurance contract must contain at least 

one paid-up nonforfeiture benefit and a cash-surrender value; and it must 

contain "a table showing the cash surrender value, if any, and paid-up 

nonforfeiture benefit, if any, available under the policy on each policy 

anniversary either during the first twenty'policy years or during the term 

of the policy, whichever is shorter " The ambiguous language of 

the preceding allows the nonforfeiture benefits to be expressed per 

thousand of actual face amount rather than requiring values that are fixed 

at issue. 

Another aspect of the nonforfeiture law requires that the insurance 

policy have premiums that although they need not be level they have to be 

determinable at issue. In the variable life product the premiums are fixed 

so this requirement is automatically met. 

The law also requires that a paid-up benefit must have a cash value 

not less than the present value of the future guaranteed benefits. Which 

means that paid-up and extended term nonforfeiture benefits should not be 

allowed to variate becau8e this would make the determination of present 

value impossible. 
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The standard nonforfeiture law contains an exemption, from all 

nonforfeiture requirements, for level term policies, which expire within 

fifteen years or before age 66 (whichever comes first), for decreasing 

term policies, and for corresponding term riders. Since the variable 

policy could be of an increasing nature and there is no exemption for 

any increasing term policy or rider there is no exemption for the variable 

life policy. 

Addressing the first aspect of the nonforfeiture law mentioned, the 

fact is added that the law defines cash surrender values prospectively as 

equal to the present value of future benefits minus the present value of 

future premiums. Looking at a whole life policy and using I to signify 
x 

the initial expense deficit specified in the law, the adjusted premium 

(AP) can be expressed in the following manner: 
x (P) _ A"X t I-x _ 0 ... r X 

A A - - r)' I -..:- • a -x Q.1C 
(23) 

From this (AP) can be considered as the sum of the net annual premium 
x 

P plus I~a~ which denotes the amortization of the specified initial 
x 

expense deficit over the entire premium paying period. 

The minimum cash surren~er value t{~LV~ at duration t for a whole 

life policy is defined as 

t(l-\C\1)l':' A'XH.- LAP) 7. a.-Xrl (24) 

using equation (23) this can be rewritten as follows: 

t (I1C\))):: A'"XH: .. - p~ a 1H. - (Ill Ci'X) a."ltt; ~ (25) 

t C~(\l)~ ~ t. V'" - L Ix J aA ') d-XH; . (26) 

Letting tUx represent the unamortized part of the initial expense 

deficit at duration t, that is 

(27) 
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the following is obtained: 

t lkC V)?:;: tVA" tUX (28) 

When specifying statutory minimum cash-surrender values for a 

variable life policy, the reserve part of equation (28) presents no 

problem, since it has already been shown that Ft~V~)represents the 

appropriate reserve at the end of the t~ policy year. This leaves the 

problem of defining the unamortized portion of the initial expense deficit. 

The proposed method by irasvr, Miller and Sternhell to alleviate 

this problem is to allow the statutory minimum cash surrender value for a 

variable life insurance product per dollar of actual face amount to be 

exactly the same as the minimum cash surrender values for a fixed product 

per dollar of actual face amounts. And a table of cash surrender values 

per $1000 of actual face amount could be incorporated into the insurance 

contract. 

In the preceding variable life product the investments risk was 

assumed by the policyholder. This investment would hopefully offset the 

powers of inflation. In other types of variable life products the infla

tion risk is handled b.1 the insurance company, and the death benefit goes 

up or down with regard to some type of index. One such product was intro

duced b.1 J.M. Bragg and D. A. Stonecipher in the 1971 copy of the Transac

tions of the Society of Actuaries. In their product Bragg and Stonecipher 

used the consumer price index as a basis of inflationary measurement. 

One method they used to develop such a product was called the change 

of state method, and it was adopted by the Life of Georgia in a ccst-of- . 

living policy. ~nder this policy the death benefit increases at the 

beginning of the second and each subsequent year with proportion to the 

increase in the consumer price index over the previous year. Changes 
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occur only on the policy's anniversaries, and the coverage remains level 

throughout each policy year. According to this policy the death benefit 

is not allowed to fall below what it was for the previous year regardless 

if the CPI should happen to fall. The death benefit will not exceed 

$2000 for every $1000 of the initial face amount. And the death benefit 

will not be less than $1000 or the paid-up nonforfeiture value at the 

beginning of the policy year, depending on which is higher. Also, in 

this cost-of-living policy premiums are level and payable for life. No 

side funds or separate account is involved; the product is of the tradi

tional guaranteed nature. 

Since the cash values must be shown in the policy at the time of 

issue it was necessary to determine the set of minimum reserve values 

required by law. In order to use the change of state method it was 

necessary to impose an upper limit, and an upper limit of twice the 

initial coverage was established. With minimum and maximum limits on 

the total coverage, it became possible to calculate the largest possible 

of the "minimum values. 1T 

The maximum possible reserve at duration t was formulated by using 

the traditional reserve formula but evaluating future benefits at their 

maximum levels and past benefits at their minimum levels. This assumes 

no rise in the consumer price index until the point in time x + t, at 

which time the consumer price index rises enough to force coverage up to 

the maximum immediately. This produces the maximum reserve possible at 

duration t, which it then can be used as the largest minimum value re

quired by law. 

To prove that this method does, in fact, product the largest of the 

set of possible minimum values a retrospective approach is used, and the 
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restriction that the coverage shall not be less than the paid-up value 

is ignored for simplicity's sake. 

Using the change of state method at duration t the reserve formula 

becomes 

t. V1. :::. A *:8 
t;E~ ) (30) 

the premium (Kr t ~t.f: )/Nx changes with each duration t and may also be 

expressed as -It:,.&.A).' P;r where 

(31 ) 

therefore, 

(32) 

This formula minimizes the accumulated past cost of insurance, and 

on that assumption minimizes past benefits which gives a maximum value 

for the present value of future benefits. Equation (32), therefore, does 

give a possible maximum value. 

Assuming that past benefits were any greater would tend to only 

increase the present value of future premiUF.s, thereby decreasing future 

benefits, which means that this trial maximum value must be the largest 

of the set of possible minimum values. 

The cash value formula at duration t under the change of state 

method is given by [ A 

t c.v". .: < rfi1-xt J11tt) +DO~ t ELA-X ~'X t D.~5" L~~ tELA~] ~'X 
( pA l O,Qct t;£LA-X (33) 

+ 0.4 LO.C'itEiJ\.x !~S / N1.( S-Xt~ - Ai:fl 
tel{ 

where lP~ is the adjusted premium for whole life insurance, pAiS the 

adjusted premium for the cost-of-living policy which changes with each 

duration t. The smallest quantity from each of the brackets is to be 

used. 
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(34) 

~ assuming maximum future benefits when using the change of 

state method in the determination of cash values, a larger expense 

allowance is used than under a normal policy. This means that the nega-

tive cash value under normal whole life is larger than the negative cash 

value under the cost-of-living policy. This is illustrated in Table 3 

for an issue age of 20 at 3 1/2 percent interest and using 1958 Cso. 

TABLE 3 

CASH VALUES 
t 

WI. CLP 

1 $ -18 $ -36 

2 . . . . -11 -18 

3 - 3 - 1 

4 5 17 

5 • 13 35 

Since these values are negative there is no practical effect. The same 

values are given in Bragg and Stonecipher's formula using a prospective 

formula. 

Looking over the change of state method one other point needs to be 

mentioned. "The ELA at any given duration may be determined by taking 

the previous year's ELA and subtracting a year's death benefit evaluated 

at its maximum and adding that same year's death benefit evaluated at its 



* minimum," which means for most durations 

E A -;)(>XH:.~I 
t£LA-x ::. t,-I L rx-

i1~ 
when t-I PU-x ' the paid-up nonforfeiture benefit at duration t-1, is 

greater than 1, then 

18 

t,cLA--x= t-I ELA-x- ;JCxt-t-1 -+ t-/ PUx C.'1Tt~1 • (36) 
Mit f1~ 

Equation (36) is due to the condition that the coverage will not be less 

than the paid-up nonforfeiture value at the beginning of any given policy 

year. 

Table 4 illustrates values for the Life of Georgia's cost-of-living 

policy for 3 1/2% interest and at various ages. 

From an observation of Table 4 it is seen that the paid-up values 

all exceed the initial face amount before the twentieth duration, and the 

cash values exceed the face amount around age 65. As a result, compari-

sons are often made between the cost-of-living policy and 20 pay life and 

endowment at 65 policies. The cost-of-living plan can be priced competi-

tively with these other plans, and the high nonforfeiture values provide 

enticing options. Even if the CPI does not rise the policyholder receives 

a partial return on his premiums through the greater nonforfeiture values. 

* John M. Bragg and David A. Stonecipher, "Life Insurance Based on 
the Consumer Price Index,n Transactions of the SocietY·of Actuaries, 
1970, p. 345. 
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Age 

25 

35 

45 

55 

* 

Duration 

5 
10 

15 
20 

30 
40 

50 

5 
10 

15 
20 
30 
40 

5 
10 

15 
20 

30 

5 
10 
15 
20 
30 

TABLE 4 

COST-OF-LIVING POLICY VALUES 
DETERMINED BY THE CHANGE OF STATE METHOD 

Terminal Reserve 
Cash Value Paid-Up Value 

Net Level CRUM 

$ 52 $ 193 $ 103 $ 86 
172 551 220 204 
309 858 353 339 
460 1,111 499 486 
789 1,480 818 809 

1,122 1,706 1,142 1,136 
1,411 1,836 1,424 1,420 

97 270 143 128 
271 655 321 299 
460 975 503 484 
656 1,231 693 676 

1,037 1,577 1,062 1,051 
1,359 1,769 1,375 1,368 

161 342 225 191 
407 764 461 432 
656 1,101 700 676 
889 1,352 924 906 

1,275 1,659 1,297 1,285 

257 432 331 287 
592 900 649 615 
890 1,243 933 907 

1,129 1,469 1,162 1,142 
1,477 1,727 1,495 1,484 
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From "Life Insurance BEl.sed on the Consumer Price Index, TSA 1970, 
p. 346. 



.- TABLE 5 

COST-OF-LIVING POLICY DEATH BENEFIT 

Minimum Estimated Benefit 
Policy Year Guaranteed Assuming 3% 

Benefit Annual Rise in CPI 

1 $ 10,000 $ 10,000 

2 10,000 10,300 

3 10,000 10,609 

4 10,000 10.927 

5 10,000 11,255 

10 10,000 13,048 

15 10,000 15,126 

16 10,000 15,580 

17 10,310 16,047 

18 10,850 16,529 

19 11,350 17 .024 

20 11,830 17,535 

25 13,920 20,000 

Age 65 15,770 20,000 

* From "Life Insurance Based on the Consumer Price Index," TSA 
1970, p. 347. 
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Since the death benefit is considered to be the higher of the ini

tial face amount on the paid-up value and the paid-up values rise rapidly, 

the minimum guaranteed death benefit becomes another important aspect. 

Table 5 illustrates this for a $10,000 policy issued at age 35. By age 

65 this guaranteed benefit becomes $15,770, which is quite a bit higher 

than the initial $10,000. Using a 3% average increase in the CPI it is 

shown that the expected benefit at age 65 reaches $20,000, the policy's 

maximum value. 

In analyzing the CPI product under statutory regulations it is 

shown that this product clearly complies with the interpretation of the 

standard valuation and standard nonforfeiture laws. The only factors used 

in calculations are interest, mortality, and specifications of the premium 

and guaranteed benefit structure. Since the law is silent with regard to 

any outside contingency, an effort was made not to include the consumer 

price index in the calculations. 

Falling in line with the nonforfeiture law, cash and paid-up non

forfeiture benefits are not only provided, but are fixed and determinable 

at issue. The premiums are fixed and determinable at issue. 

This leaves only the question of determining whether the cash sur

render values are in accordance with the law. According to the non

forfeiture law, "any cash surrender value available under the policy in 

the event of defeault in a premium payment due on any policy anniversary 

• shall be an amount not less than the excess, if any, of the present 

value, on such anniversary, of the future guaranteed benefits • over 

••• the then present value of the adjusted premiums." Since the law 

uses the terms "any cash surrender value" and "not less than," each 

cash value can be considered as a separate entity and not necessarily 



related to the preceding and following cash value. This is in keeping 

with the change of state method. 

Since the future behavior of the consumer price index is not known, 

it makes it impossible to determine any unique minimum cash value at 

duration n. However, this presents no problem because the change of 

state method produces a value which is not less than this unique minimum 

cash value at duration n. However, this presents no problem because the 

change of state method produces a value which is not less than this 

unique minimum cash value, which is all that is required by law. 

Both products discussed in this paper can be termed as variable 

life products because both vary in terms of face amount and cash value. 

The New York Life product is an equity-based plan which means the bene

fits are solely based on the performance of an equity investment, in this 

case it is a common stock kind. Whereas, the Life of Georgia product is 

a cost of living plan whose benefits supposedly rise as the cost of 

living rises. Both types of products have received much attention in 

the insurance industry, including praise and criticism, and both are 

faced with the constant problem of conforming with government regulation. 

The equity-based plan has proven to be the one to incite more 

consumer interest. The inflation-conscious buyer seems to be attracted 

by the idea of investing, an idea which has always been popular with the 

public. But, some problems have arisen with the development of this 

product. Namely, the possibility that the stock market can go down at 

the same time prices are going up. This would definitely defeat the 

purpose of this insurance plan. There is also the factor that once the 

interest rate of investment does rise a decline in that rate, even though 

it may still be higher than the initial interest rate, would caRse a 
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decline in the cash value because the smaller rate wouldn't be able to 

support the value obtained at the higher interest rate. By examining 

the simulated column in Table 2 it is shown how easily the cash values 

can fluctuate. Since death occurs at once and not by the policy holder's 

choosing, this fluctuation could seem rather unfair, and inconsistent 

with the traditional idea of life insurance. 

The cost of living product solves many of the problems that the 

equity-based product faces. Its main benefit being that the policy 

holder is almost guaranteed a steady increase, and that as inflation 

increases there will be a stable long-term increase in the value of the 

product. The major problem with the cost of living plan is its market

ability. The consumer seems more attracted by the idea of being able to 

receive spectacular results from the stock market. Some of this could 

be directly due to insurance agents. If an agent shows no interest in 

a product then the consumer never gets a chance to evaluate it. 

Anna Rappaport in her discussion of Bragg and Stonecipher's paper 

suggested the possibility of a product that combined the ideas of an 

equity-based product and a cost of living product. She suggested a 

product that would have death benefits varying with the cost of living 

and cash values varying with equity performance. Since the policy holder 

can choose when and how to use his cash values, it is logical that he be 

given the opportunity to make these earnings as great as possible, and 

the chance of taking this risk would be his. On the other hand, the 

death benefits would increase in a stable pattern, falling in line with 

the traditional idea of insurance. However, changes in the nonforfeiture 

law and other regulations would have to take place before a plan like 

this one could be implemented. 
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No matter what criticism is given about either product or what 

problems are faced, one fact remains consistent: the chance to develop 

other, even better products using these as a foundation remains as an 

open opportunity and a place for future discovery. 



-. 
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