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Simplified Cash Flow Testing 
of 

Traditional Participating Whole Life Insurance 

Abstract: 
The process of cash flow testing is viewed as arduous and time consuming by those delegated the 
responsibility of ensuring asset adequacy for reserve liabilities. The process is further compounded by 
complex and inflexible mainframe computing systems that were not designed to conduct cash flow 
testing on specialized lines of business. Most insurance company mainframe computing systems were 
designed to support accounting and asset segmentation functions that allow for a myriad of analyses at a 
business unit, subsidiary, or total company level. Cash flow testing is done at the product level, 
requiring the expertise of pricing actuaries and accountants resident in product development areas. 
Reliance upon investment officers is necessary for projecting cash flows from assets backing reserve 
liabilities, but not necessarily for projecting contractual cash flows (i.e., premiums, benefits, and 
expenses). Diverse product features and embedded options compound the process even more, requiring 
special skills on the part of the actuary to model and interpret projected and actual asset and liability 
cash flows. Such a wide range of activities must commence and terminate, for some, within a short 
window of time around fiscal year-end, thus making it clear that cash flow testing activities can 
consume a great deal of manpower and computing resources. 

Cash flow testing participating insurance does not have to be arduous or time consuming. This paper 
will develop a model for cash flow testing traditional participating insurance that utilizes pricing tools 
and assumptions to project reserve liabilities. The model, makes use of fmance and accounting tools to 
monitor the reasonableness of ending and intermediate surplus results that emerge under the various 
interest rate scenarios imposed. The model explicitly incorporates the interest rate scenar/os defined in 
the NAIC's Standard Valuation Law and New York Regulation 126 (NYI26). By varying dividend 
levels and lapse rate assumptions in tandem with the regulatory interest rate scenarios, the model 
becomes a handy tool for anticipating how a policyholder might behave in a given economic climate; 
and therefore, in effect, the model recognizes some of the more option-like features of participating 
whole life insurance. 

I. Introduction 

A. An Overview of the Problem 

Reserve tests for participating whole life insurance products have rarely been the object o f  

intense scrutiny by insurance regulators, financial and investment professionals, or actuaries. 

These products accumulate premiums at low guaranteed rates of  interest over the whole life of  

the insured to pay an eventual death benefit determined at policy issue. As long as the policy 

remains in-force, the insured can take advantage of  product features such as policy loan and rider 

options and enjoy experience refunds that are paid in the form of  dividends. The safety of  

participating whole life products to insureds and insurers was never in question until the early 

1990s. 
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The declining interest rate environment of the early 1990's raised fears that insurers might not be 

able to meet the minimum guarantees on participating whole life insurance products. Solvency 

was the concern that pushed cash flow testing center stage to measure the ability of reserves to 

provide for contractual obligations and to indicate, if necessary, a remedial course of action. The 

lack of simplified computer and cash flow testing techniques increased the difficulty and cost of 

analyzing asset adequacy in step with changing interest rates, leaving many insurers to rely on 

costly seriatim based valuation systems for results. 

The need for technology that is easy to implement becomes even more paramount when one 

considers the emerging prominence of the role of the Appointed Actuary. The amended version 

of the 1980 Standard Valuation Model Law not only requires appointed actuaries to certify that 

"reserves and designated surplus make good and sufficient provisions for all future obligations 

..., (In41, p. 8),, it also requires appointed actuaries to report directly to their Boards of Directors any 

and all events that may endanger company solvency. Unfortunately, the financial and actuarial 

literature offers little in the way of techniques for cash flow testing participating insurance. 

Computer searches of the "Business Periodicals Ondisc," "Infotrac," and "NEXIS" databases, 

and the indexes of publications for Insurance: Mathematics and Economics~ and the Society of 

Actuaries had little to reveal on the subject of cash flow testing participating insurance. This 

writer found only a few discussions of assumptions and techniques directed at cash flow testing 

participating life insurance and the necessity of even engaging in such an activity. It is this 

writer's hope the ensuing discussion will help lessen the paucity of literature on this subject. 

This paper will discuss a methodology for measuring the cash flow sensitivity of participating 

whole life insurance under various interest rate scenarios using techniques that are easy to 

develop without the power and expense of mainframe computing systems. New business asset 

shares once considered only a pricing tool are introduced in this paper as a viable tool for 

projecting participating whole life insurance liabilities in cash flow testing models. Through the 

use of simplifying assumptions and retro-fitting adjustments the asset share model office 
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projection will simulate the liabilities for the block of participating whole life insurance under 

study. The asset shares are not a good fit coming into the model because of an excessively high 

new money rate assumption used to model dividends, gross premium margins higher than 

necessary, and liability flows out of line with actual experience. These problems are addressed 

by re-calibrating the asset share dividends and liabilities to actual experience using dividend and 

gains adjustment factors, avoiding the cost of  modeling these flows from scratch. 

To be viable this technique must reproduce operating conditions prevailing at the start of the 

projection period and produce run-off liability patterns that are plausible and consistent with 

each interest rate and concomitant policy loan and lapse rate scenario imposed. As a natural 

consequence, the responsiveness of dividends is modeled under each scenario in line with the 

philosophy of this insurer. Dividends have long been viewed as a "safety net" for gain from 

operations on participating business and the main reason insurers have unanimously agreed that 

it is hard to lose money on traditional participating whole life business. It is also the reason 

many believe cash flow testing this business is either unnecessary or that it need not be 

extensive. To do otherwise, an insurer would incur a great expense without much benefit. This 

view is changing, albeit slowly. As will be demonstrated, the asset share model office projection 

technique can alleviate the concerns of the early 1990s without the expense of mainframe 

valuation systems. 

The model office projection is used only to model product liabilities and cash flows under the 

regulatory interest rate scenarios. It is not used to model cash flows from the assets backing 

those liabilities. Reliance upon the abilities of investment specialists to model asset cash flows 

under the regulatory interest rate scenarios is permissible under current valuation law and should 

be assumed by the reader for this discussion. The investment specialists of this insurer certified 

that cash flows for existing assets were modeled taking into account "call" and "non-call" 

probabilities appropriate for each of the regulatory interest rate scenarios. While a discussion of 

the investment model used to derive those flows is beyond the scope of this paper, it is essential 
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to state that it is assumed that reinvestment of future net cash flows in the liability model 

presented herein is restricted to non-callable bonds as a simplifying assumption. 

B. A Review of the Literature 

The wealth of literature on the subject of cash flow testing targets Single Premium Deferred 

Annuities (SPDAs). SPDAs are admittedly highly sensitive to fluctuations in interest rates and 

one of the main reasons for the development of New York Regulation 126 [13]. Michael E. 

Mateja {[42], [43]} discussed how to cash flow test SPDAs extensively at the 1985 Symposium 

for the Valuation Actuary (SVA) in Chicago, Illinois, and again at the 1988 Symposium for the 

Valuation Actuary in Toronto, Ontario. Mr. Mateja outlines three stages of cash flow testing: 

cash flow development, processing, and interpretation. Developing needed product and 

investment cash flows, according to Mateja, requires a thorough knowledge of product features 

and underlying assets. "Product cash flows are defined in the contract and, if positive, will 

generate investment cash flows.(D31, o. 10-3) ,, But product cash flows can be more difficult to 

predict than investment cash flows, since insurers are ultimately dependent on policyholders to 

honor and comply with the terms for premium payment defined in their contracts, whereas 

investment cash flows generally arise from "safe" investments with known and, oi~en, fixed 

payment schedules. Modeling product and investment cash flows under varying investment 

environments requires some knowledge of option-pricing theory, which Mateja says is a new 

skill actuaries must acquire if they are to understand the effects of those options on surplus 

projections and he lists the principal features of investment cash flows requiring such skills. 

Mateja outlines concisely the dependencies among an insurer's cash flows: investment cash 

flows are dependent upon product cash flows and product cash flows are dependent upon 

policyholder behavior which, in turn, is dependent upon a host of influences external to the 

insurance operating environment and the external investment marketplace. Cash flow testing 

becomes art when it captures all such influences. 
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Processing cash flows requires a model capable of  quantifying the interplay among operational 

variables such as interest rates, lapse rates, mortality rates, premiums, asset prepayment rates, 

etc. Mateja states a few fundamental principles underlying this interplay: 

"With increasing interest rates, lapse rates will increase, and investment 
prepayments will decrease. Just the opposite happens in decreasing 
interest rate scenarios. ([431, p. 10-9) ,, 

"'Other cash flows, which are dependent on the major product and 
investment cash flows, such as expenses, FIT, and future surrender benefits, 
will also be dependent on the interest scenarios. (1431, p. Io-to)" 

"'Once call protection has expired, you can assume that the more 
economically advantageous it is to refinance, the more likely it is that 
borrowers will do so. (1431, p. IO-II)" 

"'If net cash f low is positive, it mast be reinvested," i f  it is negative, it is 
necessary to borrow or sell assets. Assumptions in this regard can 
materially influence results. (1431, p. 10-11),' 

"The typical accounting system in an insurance company doesn't 
understand cash flows, so you will scramble a bit~1431, p. 10-13),, ... "The 

fundamental problem is that the information required for statutory 
accounting purposes is not the same as needed for cash f low 
analysis...sinking fund terms, refinancing dates, call information, and call 
premiums. (1431, p. 10-13) ', 

"Another real-world problem is control, i.e., making sure you "re looking at 
the same assets as liabilities. New business, trading, and commitments are 
some areas that should be of  particular concern as you address the 
problem of  control. (1431, p. lO-13) ,, 

Mateja's principles are insightful and should be used as guiding principles in developing a cash 

flow testing model. He then talks about his third stage of cash flow testing, interpreting cash 

flows, which is done by example. 

Philip K. Polkinghorn [52] discussed the sensitivity of  SPDAs to "key" cash flow assumptions at 

another SVA as recently as 1992. Polkinghorn pointed out very early in his presentation that 

• "many o f  the assumptions made in cash f low testing are judgmental, 
• results can be sensitive to modest changes in assumptions, 
• the valuation actuary has as part of  his~her responsibility to perform sensitivity 

analysis, (1521, p.i)" 
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before discussing his cash flow testing results for an SPDA product. 

The current Standard Valuation Law [48] and the Actuarial Standards Board, Actuarial Standard 

of Practice (ASP) Numbers 14 and 22 {[1], [31}, implicitly support Polkinghorn's assertion of the 

judgmental nature of cash flow testing, leaving the decision to conduct cash flow testing up to 

valuation actuaries. However, all three standards require annual actuarial certification of 

reserves by appointed actuaries be delivered to their Insurance Commissioners. Should an 

appointed actuary conclude cash flow testing is not needed on a particular line of business, 

justification must be given in the opinion. 

James Milholland [46] contends exercising judgment in cash flow testing is vitally important in 

determining when cash flow testing is needed and the degree to which it should be carried out. 

He supports the development of a company policy on cash flow testing which "would include 

company guidelines about the nature and extent of testing as well as the circumstances under 

which testing might not be required....such a policy would serve to document conformity with 

standards and also serve as internal guidance. ¢1461, 0. 3),, Milholland's remarks reflect his concern 

that ASP Number 14, and possibly Number 22, will be viewed more as additional work by 

actuaries than as a useful tool. 

Gregory Jacobs [34] discussed how to integrate valuation concepts with cash flow testing at the 

1988 Symposium for the Valuation Actuary in Dallas, Texas. He began by talking about the 

three classic forms of risk every insurer should be monitoring: C-l,  C-2, and C-3. These three 

risks are defined as follows: 

"C-1 Risk: Credit or Default  Risk. An insurance company can suffer a loss as a result 
o f  an asset that incurs a significant decrease in market value or becomes worthless 
purely as a result o f  events other than movements in interest rates. 

C-2 Risk: Pricing Risk. Simply stated, an insurance company can suffer a loss due to 
unforeseen changes in experience levels with respect to mortality, morbidity, 
expenses, etc. 
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C-3 Risk: Interest  Rate Duration Risk. Simply stated an insurance company can be 
selected against when interest rates move. This antiselection may cause a block o f  
business to be unprofitable, meaning that the assets backing the reserves are not 
sufficient to cover the risk. (1341, pgs. 1 - 4)" 

Understanding the effects of these risks is the responsibility of the Valuation Actuary, according 

to Jacobs. Other responsibilities include: "understanding and obeying the standards of practice 

established by the profession and the regulations regarding the measurement of risk; relying on 

key individuals in the company, such as the Chief Executive Officer (CEO) and the Chief 

Investment Officer (CIO), for continuation of stated policy and/or good business judgment in 

managing company affairs; and rendering an opinion as to the adequacy of reserves. (1341, P. 6),, 

Jacobs was followed by Arnold A. Dicke 1341, who discussed various approaches to developing 

interest rate scenarios for cash flow testing. Dicke is critical of the yield curve scenarios defined 

in New York Regulation 126. He says the drawbacks to using such a static set of yield curves 

a r e :  

"1. The number o f  possible scenarios is unlimited so no single scenario is likely 
to occur in real life. 

2. There is no unique way to make a probability statement about the outcome 
o f  a test. (1341, p. J4),, 

Dicke offers as alternatives the Transition Probability Approach and the Successive Ratio Model. 

Surprisingly, neither of these two methods produced results significantly different from those 

resulting from the regulatory scenarios. The last presenter, Douglas C. Doll [34], discussed how 

to set various cash flow testing assumptions for SPDAs and Universal Life products. 

Cash flow testing SPDAs has enjoyed a great deal of attention from actuaries, financial and 

investment analysts, and regulators. Not only is this product line sensitive to changes in interest 

rates, it is also structurally simpler to model. SPDAs often involve only a single large premium 

which is subject to an interest rate term structure that evolves with time at the discretion of 

management. Management decides crediting interest rates beyond any initial interest rate 

guarantee period after consideration of marketplace variables. Reserving for SPDAs can also be 
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simplistic in the absence of multiple premium payments. Participating insurance is not as 

simplistic. Multiple premium payments can be expected and reserves exist on a variety of 

valuation bases, especially reserves for older blocks of participating insurance which continue to 

be a rich source of disintermediation risk. More recent issues of participating insurance contain 

variable policy loan interest rate provisions which lessen an insurer's exposure to the risk of 

disintermediation more than under fixed policy loan interest rate provisions. The model 

presented in this paper will utilize a simple means for measuring exposure under both types of 

provisions. 

Dr. Allen Brender [12] is one of the few to make a contribution to the literature on the subject of 

modeling and cash flow testing participating insurance. He shares some of the same concerns 

regarding cash flow testing participating insurance that the above researchers have with regard to 

cash flow testing SPDAs. Dr. Brender discussed the "what" and the "how" of modeling 

participating whole life insurance issued by the Solvent Stock Life Insurance Company at the 

1988 Symposium for the Valuation Actuary in Toronto, Ontario. Solvent Stock had been issuing 

whole life insurance for twenty-five years when Dr. Brender presented his model at the 1988 

SVA. His model ignores riders and employs the "three-factor formula" for his dividend scale 

with tax reserve adjusted interest and mortality components, while the expense component is 

treated as a balancing item. The policy loan rate assumed is fixed at 6% for policies issued prior 

to 1969, 9% for the period 1969 through 1974, and variable thereafter. These assumptions are in 

line with tradition in the development of dividend scales and in line with how policy loan rate 

provisions have changed over time from a fixed rate provision to a provision which allows for 

the direct recognition of policy loan activity in dividend payouts to a provision of variable policy 

loan rates which recognizes interest rate movements in the financial marketplace. 

Dr. Brender is also concerned with the assets underlying the block of participating insurance that 

he modeled. Call and prepayment patterns on bonds and mortgages are modeled in line with 

Solvent Stock Life's internal investment policy for these assets. A "buy and hold" strategy is 
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adopted and no trading is permitted as a simplifying assumption. Another simplifying 

assumption he makes is that "policy years and calendar years coincide; in effect, the division 

only operates one day a year, January 1. (1121, p. 229)- He admits that this is not a very plausible 

assumption, but he still found his results under various scenarios to be quite reasonable and 

realistic. Dr. Brender rationalized the use of simplified computing systems in his modeling of 

participating life insurance as follows: 

"When you consider that a single scenario requires at least f ive runs o f  the 
valuation system, that at least twenty to thirty scenarios will have to run, and that 
most companies' valuation systems require many hours to run on a mainframe for  a 
single run, the cost in computer time and dollars o f  using a seriatim based valuation 
system seems prohibitive. (1121, p. ~l~ ,, 

Dr. Brender adopted the Canadian Life and Health Insurance Association (CLHIA) prescribed 

scenarios in his work and only one resulted in negative net income. None of the prescribed 

scenarios resulted in surplus approaching zero. Non-CLHIA prescribed scenarios were also 

tested though not extensively discussed, but Dr. Brender suggests they involved varying interest 

rate scenarios and that all but one produced satisfactory results by CLHIA standards. 

It is clear that cash flow testing is a major responsibility for actuaries in the United States and 

Canada. And although much of the research analyzes SPDAs, much can be learned from this 

research to help actuaries develop global approaches to analyzing participating and other types 

of insurance products for cash flow testing. For example, cash flow testing should begin with a 

thorough study of product features, identifying in particular those most likely to induce 

antiselection in response to changes in the financial marketplace. The next section of this paper 

examines the premium payment patterns and typical policy options common to many 

participating whole life products. This discussion is followed by the technical core of the 

Participating Cash Flow Testing Model (PCFTM) using new business asset shares, results under 

regulatory and non-regulatory interest rate scenarios, and their interpretation. And, lastly, 

criticisms and directions for further research are discussed. 
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11. The Product and its Characteristics 

A. Premium Payment Patterns 

The premiums on whole life policies can be structured to meet the specific needs of individual 

policyholders. They can be: level over the whole life of the insured, set at one level for an 

initial period of years and increased to another level over the remaining life of the insured, 

vanish altogether after a specified number of years with dividends making the payments if 

insurer experience is good, or be on a strictly limited pay basis independent of dividend 

experience. The block of participating business cash flow tested by the model presented in this 

paper consists of: 1. Level Premium Whole Life (LPWL), and 

2. Modified Premium Whole Life (MPWL). 

Policyholders may attach an Additional Insurance Protection (ALP) rider or a Paid-Up Insurance 

(PUI) rider (but not both) to the base policy under certain conditions and policy restrictions. An 

AlP rider is a combination of one-year term insurance and paid-up additions and may only be 

attached at issue. A PUI rider may be attached after issue but only to policies with initial face 

amounts in excess of $25,000 for LPWL and $50,000 for MPWL. Both riders require additional 

premiums and have the effect of accelerating policy cash values and reducing annual premiums 

(or shortening premium payment periods), in addition to increasing insurance protection in- 

force. While in effect, each type of rider entitles the policyholder to additional dividends because 

the additional insurance protection acquired is itself participating. Rider dividends are payable 

in the same manner as dividends on the base policy. They may be taken in cash, left on deposit, 

used to buy additional paid-up or term insurance, or used to reduce policy premiums. Using 

rider dividends to reduce policy premiums is the most prevalent election on this block of 

business and partly structures the "Vanishing Premiums" feature. The policyholder can apply 

base dividends, rider dividends, and the cash values of insurance additions (or some 

combination) to sharply decrease "out-of-pocket" annual premiums or to shorten the policy's 

premium payment period. Even the election of LPWL over MPWL can materially effect the 
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vanish point of base policy premiums because LPWL premiums are generally greater than 

MPWL premiums. 

Level Premium Whole Life 

Level Premium WL is designed to be a limited-pay life insurance policy, requiring premiums to 

the later of age 85 or 15 years. The premiums on LPWL are normally higher than premiums on 

a comparable modified premium whole life policy for an insured of the same age and 

underwriting profile, but dividends are payable starting in the second policy year. Higher 

premiums mean higher cash values in the early policy years and early dividends mean the total 

annual premium outlay can be reduced starting in the second policy year. The addition of an AIP 

or PUI rider can further reduce the policyholder's net annual outlay and accelerate the growth of 

the policy's cash value and even more so if purchased with dividends. Policyholders may also 

pay additional premiums over and above those defined for the base policy but only to the extent 

the additional premiums do not cause the policy to be viewed as an investment rather than as a 

purchase for death protection by Internal Revenue standards. 

Modified Premium Whole Life 

Modified premium whole life supports a 2-step level premium payable over the life of the policy. 

The premiums are low in the first five policy years and increase to a higher level in the sixth 

policy year and remain at that level. On average the sixth year premium step increase is 25%. 

Low going-in premiums make insurance protection more affordable for young families, single 

parent families as well as retired couples and individuals in the 25 to 85 age group with at least 

$30,000 of annual income. Base policy dividends become payable in the sixth policy year and 

can be used to offset the premium increase thereafter, maintaining the "out-of-pocket" cost to the 

policyholder. The addition of an AIP or PUI rider further reduces the cost to policyholders while 

simultaneously increasing policy cash values. 
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B. Common Policyholder  Opt ions  

Table 1 lists some of  the features common to the block o f  participating whole life insurance 

under study i,i this paper. And while the specifics may differ a,nong insurers, the effect these 

options can have on the profitability of  participating whole life in various interest rate 

environments is a common concerti. Therefore, brief discussions of  these options a re  included 

for completeness and they are specific to the block of  business under study. 

Table I : 
l'olie~: l~)2Mures Colnll!On to Par t ic ipa t ing  Whole Life Insurance 

Premium Payment Patterns 
Level or Modified at Issue 

Surrender Provision 
Guaranteed Value Available at any Time 

Crediting Interest Rat¢~ 
3.5% Guaranteed on Settlement Options 

and Deferred Surrender Bet~efit Payments 

Dividend Payment Policy 
Payable, except if in-force as Extended Term Insurance 

Dividends can also be used to purchase paid-up additions 

Minimum Dividend Rate 
Earn >_ 3.5% if left on deposit 

Policy Loan Rate 
< Max{Moody's  Corporate Bond Yield lagged 2 months, 5.5%} on Post-1980 Issues 

Fixed Rates of  5%, 6%, and 8% on Pre-1980 Issues 

P remium Payment Patterns 

Policyholders can use level and modified premiun~ whole life insurance to maximize cash value 

and insurance i~rotection. Initial prelniulns can be reduced in the early years with premium 

increases offset by dividends in the later years and vanish altogether in the presence of  policy 

riders. Altc,natively, prclniums can be set at one level for the entire pretnium paying period of  

tile policy, producing larger cash values sootier and an earlier premiuln vanish point. Both 
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policy types guarantee that the level of premiums on the date of issue will meet objectives for 

death protection and savings. The major advantage of modified premium whole life is its low 

going in cost for the policyholder. This feature makes it more affordable for young, retired, and 

single parent families than level premium whole life. Since its introduction in the late 1980s, 

reserves on modified premium have grown steadily, now accounting for more than 20% of total 

reserves for this block as of 12/31/94. The upward trend is expected to continue. 

Surrender Provision 

The policyholder may surrender at any time after issue but only for the guaranteed value of the 

policy. This amount equals the guideline policy cash value plus dividends and applicable 

interest due under the policy and attached riders, less any amounts of indebtedness. Policy 

values are computed in accordance with 80CSO, a 5% continuous interest basis, as reflected in 

the Tables of Computations defined in the contract and are specific to underwriting issue status. 

While policyholders are free to surrender at any time after issue, they have "paid a high initial 

cost to purchase the contract, and will not recover this cost unless the contract is held for a long 

period of time.(12q, p. 3)- Historical surrender data for this block of business suggests 

policyholders are reluctant to surrender but will in extreme economic conditions. This block of  

business experienced its highest surrender rates during the periods 1926 to 1945, which includes 

the years of the Great Depression (1929-1939), and 1977 to 1990, a period marked by great 

inflation. During the first period, surrender rates climbed to nearly 7% before falling to just 

under 4% as a percentage of reserves in the years following. Surrender rates surged again in the 

second period, rising from 3.80% in 1977 to 8.67% in 1981 before a slow decent to 4.02% in 

1990. This insurer responded by reducing dividends during both periods and in fact reduced 

dividends to zero for a number of years during the Great Depression at which time this block of 

business was about 35 years old. Using dividends to save operating gain is not a new or foreign 

concept to insurers. In fact, some insurers and researchers alike opine the focus of cash flow 

testing participating products should be to determine the capacity of dividends to sustain 
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operating gain in extreme interest rate environments, and not the adequacy of assets to do the 

s a m e .  

Credited Interest Rates 

Credited interest rates on participating products are not transparent to policyholders. Excess 

interest is paid as a function of insurer experience and "bundled" with gains from mortality and 

expenses in the annual dividends paid. This is a major way in which traditional participating 

products differ from their universal life counterparts. Policyholders understand this difference 

and many prefer the "unbundled" feature of universal life products. The "unbundled" feature of 

universal life products can be viewed as operationally equivalent to the dividend option of 

traditional whole life products. And yet, the unbundled feature has raised more concerns with 

regard to asset adequacy analysis than the dividend option. 

Dividend Payment Policy & Minimum Dividend Rate 

As with all participating products dividends are payable at the discretion of the insurer. They are 

that portion of divisible surplus which results from better than expected insurer gain from 

operation. Most insurers, as does this one, utilize the three-factor contribution method to 

apportion surplus for distribution to policyholders. Under this method dividends are explicitly 

computed as the sum of excess interest earnings and mortality and expense savings. 

Policyholders are free to take these distributions in cash, leave them on deposit, apply them to 

any indebtedness, or fund PUI or AlP riders as previously discussed. With the exception of the 

cash option, each of these options is supported by reserves on the books of this insurer. 

Dividends left on deposit to accumulate with interest account for more than 50% of aggregate 

reserves held by this insurer for dividend options. Accumulated dividend reserves should be 

examined for asset adequacy since once left on deposit they are subject only to variations in 

interest rates, not variations in mortality or expenses. A minimum interest rate of  3.5% is 

guaranteed on these funds and a cash flow testing model could also attempt to measure this 

insurer's ability to achieve this minimum. 

80  



Policy Loan Rate 

Policy loans are policyholder options and a huge source of cash outflow antiselection under fixed 

policy loan interest rate provisions, but less so under variable policy loan interest rate provisions 

or direct recognition provisions. Policies issued on this block prior to 1980 were issued with 

fixed interest rates of 5%, 6%, and 8%. This insurer experienced high disintermediation rates 

during the late 70s and early 80s when interest rates were high and like other insurers adopted 

the variable loan interest rate provision prescribed by the NAIC. This new provision 

dramatically slowed withdrawal rates on new issues but was ineffective on in-force policies 

since it could not be applied retrospectively. During that time this insurer took additional steps 

to control disintermediation by introducing a dividend enhancement plan. Under this plan, 

policyholders were allowed to exchange their old fixed rate policies for new variable rate 

policies with a potential for greater dividends. But as we shall see later this plan was not as 

successful as hoped. Most policyholders held onto their fixed rate policies. And today the total 

outstanding loan balance on this block of business is in excess of $1 billion, a major opportunity 

loss of yield from possibly richer assets available in the marketplace. This insurer can only 

reclaim loaned funds if the policyholder repays the loan (which he/she is not obligated to do) or 

if  the policyholder dies or surrenders the policy. Upon death or surrender, any indebtedness may 

be collected from the then available death benefit or cash value, respectively. 

C. Dividend Options 

As Table 2 depicts, this insurer holds reserves for dividend options just as it does for the base 

policy. The reserves for paid-up additions and l-year term insurance are on an actuarial basis 

and included in cash flow testing as a matter of  course. The accumulated dividend reserves are 

not on an actuarial basis. This reserve resembles a savings account where dividend deposits are 

credited periodically with interest. The actual credited interest rate varies at the discretion of  the 

insurer but it is guaranteed to meet or exceed the minimum guaranteed rate stipulated in the 

policy. The actual rate credited varies as a function of interest rates in the marketplace and this 

insurer will reduce the credited rate when investment yields are depressed. In declining interest 
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rate environments this insurer becomes concerned about not being able to provide the minimum 

interest credits on the dividend accumulation fund, fearing a "run-on-the-bank" reaction from 

policyholders. Unfortunately, the interest rate risk exposure for this fund is not covered in 

valuation law and many insurers may be ignoring it. The basic model presented in this paper can 

be modified to include a cash flow testing module for the dividend accumulation reserve and was 

for this insurer. The details of that module, however, are beyond the scope of this paper. 

Table 2 
Aggregate Dividend Reserves 

for 
Traditional Participating Whole Life Insurance 

(sooo) 

Dividend Reserves: I 1992 1993 1994 

Accumulated Dividends* 
(% of Grand Total) 

Paid-Up Additions 
(% of Grand Total} 

I-Year Term Insurance 
{% of Grand Total} 

1,235,695 1,251,042 1,265,699 
(60.0%) (56.9%) (56. I%) 

814,251 939,672 976,691 
(39.6%) (42.7%) (43.4%) 

8,679 9,158 10,219 
(0.4%) (0.4%) (0.5%) 

Grand Total: 2,058,625 2,199,872 2,252,610 
% Change: 6.86% 2.40°,6 

• This is not an actuarial prcscn! value simply dividend deposits accumulated with in~rcsL 

The A I P  r ider  was created spec i f ica l ly  for  mod i f ied  premium who le  l i fe when th is product  was 

introduced in 1988. Since this is a relatively new product, the reserves for the AlP rider are quite 

small as evidenced by Table 2. The rider is initially composed of one year term insurance only 

and as the table shows the reserves held for one year term account for less than 1% of total 

aggregate reserves. As the AIP rider matures, the term component is replaced with paid-up 

additions and those reserves account for a more significant portion of  the aggregate total. What 

is not clear is how the interest rate sensitivity of reserves for one year term insurance and paid-up 

additions differs from that for base policy reserves. At this point in time, this is a more 

important consideration for paid-up additions than one year term mainly because o f  the size of  
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reserves held for paid-up additions. Reserves for paid-up additions are included in Exhibit 8 

reserves but they can be cash flow tested in the same manner as either cash value reserves or an 

accumulation account. Treatment as cash value reserves implies paid-up additions are purchased 

primarily for death protection and subject to the same interest rate sensitivity as the base policy. 

On the other hand, if treated as an accumulation account, then it may he more appropriate to treat 

them in like manner to dividend accumulations to model their interest rate sensitivity in cash 

flow testing models. Under this treatment, the paid-up additions are merely another way for 

policyholders to treat traditional participating whole life insurance as an investment. For now, 

the PCFTM uses the former approach assuming paid-up additions have the same interest rate 

sensitivity as the base policy. Sufficient data is not yet available to help better model the interest 

rate sensitivity of  the AlP  rider, as one year term reserves are not significant enough at this time 

to make a difference. 

HI. The Objective of Cash Flow Testing 

A. Researchers For & Against Cash Flow Testing Participating Whole Life 

Armand dePalo and James P. Rieskytl [21] discussed "when"  to conduct cash flow testing on 

participating insurance at the 1987 Symposium for the Valuation Actuary in Dallas, Texas. The 

work they presented was prepared for inclusion in a Handbook for the Valuat ion Actuary .  It 

is intended to help valuation actuaries distinguish between participating products that require 

extensive cash flow testing and participating products requiring less to measure exposure to C-3 

risk. This distinction is predicated on the ability of  participating products to be "self- 

supporting" under all but the most adverse conditions and whose dividends reflect the current 

earnings of  the company (and have the ability to recover past losses). (1211, p. I),, The more 

probable a participating product is likely to be self-supporting, the less extensive cash flow 

testing needs to be, according to dePalo and Rieskytl. Presumably, dePalo and Rieskytl are also 

using the term "self-supporting" to mean dividend scales and premium levels are more than 

sufficient to cover any unexpected future contingencies as well. They say: 
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"The true participating whole life contract is a contract that, via dividends, is 
intended to give the policyholder insurance coverage at approximate cost, 
reflecting the actual experience of  the insurer for the policy class. To accomplish 
this goal, the insurer gives only minimal guarantees and the policyowner assumes 
the risk o f  future variations m actual experience within limits set by the 
guarantees. As a result, classical asset/liability matching is inappropriate for 
true participating insurance. Rather, the objective sought by asset~liability 
matching is tied principally to future changes in dividends, not to future cash or 
loan values or interest rates assumed at issue (or various renewal points). The 
objective o f  participating 'matching' is to maximize the company's dividend 
paying capability - to maximize the ability to match the dividends to changing 
interest rates (and other experience factors) as they emerge so as to provide 
"insurance at cost. ' This responsiveness varies between new money and portfolio 
based dividends but each system expects to reflect change as it emerges. ~12,1, p. 2},, 

Classical asset/liability matching (ALM) on participating business is not only inappropriate, but 

also an almost impossible exercise to complete. Macaulay and modified duration measures are 

inappropriate to ALM manage this business. As discussed by Cody [14], Macaulay and 

modified duration are useful tools only when cash flows are fixed. The cash flows of 

participating whole life insurance do not satisfy this requirement because insurers can and will 

alter the timing and amount of these cash flows through the dividend option. Participating 

liabilities are long in duration and insurers must roll over investments as prescribed by their 

investment policy to match liability cash flows. At present the only tool available to monitor 

that matching adequately is cash flow testing. Bad results may imply the insurer needs to 

lengthen assets while good results may allow the insurer to shorten the duration of the portfolio 

of assets backing participating liabilities. 

Providing insurance at cost is the only constraint that must be satisfied according to dePalo and 

Rieskytl. They imply this constraint is implicitly satisfied if the gross premiums supporting 

participating insurance contracts are based on conservative assumptions, and, thus, extensive 

cash flow testing need not be conducted. These two researchers contend that participating 

contracts "can qualify for an exemption from extensive cash flow testing only if current and 

future dividends are meaningful in magnitude and can be substantially reduced to adjust for prior 

losses and future adverse variations in experience. ~1211, p. 2~,, Unfortunately, dePalo's and 

Rieskytl's exemption criteria are problematic because the phrases "extensive," "meaningful in 
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magnitude," and "substantially reduced" need to be quantified. Cash flow testing provides a 

means of quantifying the sufficiency of current and future dividends as well as the impact other 

risk conditions may have on participating insurance lines. Valuation actuaries are encouraged to 

utilize management's philosophy with respect to reducing dividends in their cash flow testing 

models. It is important to know if management would impose a floor below which dividends 

cannot be reduced and incorporate that information into a cash flow testing model. Once 

dividends reach that floor, the model would know to start reducing operating gain, and then 

surplus, to absorb adverse experience. Valuation actuaries must also pay attention to portfolio 

yields implied by cash flow testing results. If insuffÉcient, an insurer's ability to provide 

minimum contractual guarantees to policyholders is compromised. This relationship is 

impossible to measure without conducting cash flow testing. 

Richard Lambert [40] discusses some of the "how" and a great deal of  the "when" to do cash 

flow testing on participating insurance, questioning the need to even do it at all. He recognizes 

very early in his discussion that most of the raw data needed to cash flow test products other than 

traditional participating insurance is of the same nature as the raw data needed to cash flow test 

participating insurance. The one exception he notes regards dividends. Dividends are integral 

only to participating product lines and Lambert discusses the importance of incorporating current 

company dividend policy in cash flow testing models. In particular, models need to know "what 

is the time lag between when interest rates drop and when the company reduces its dividends to 

reflect those lower rates. ~[401, p. 1),, He also discusses adjusting dividend scales for interest rates 

and catastrophic illnesses like Acquired Immune Deficiency Syndrome, the mechanics of the 

contribution principle in the distribution of divisible surplus, and the need to recognize 

components of dividend scales unrelated to participating blocks of insurance. Lambert's 

discussion of "when" to conduct cash flow testing on traditional participating product lines is 

grounded in the reality of trying to appease regulators without straining company capital and 

manpower resources. He cash flow tested a block of participating insurance under the New York 
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Regulation 126 scenarios including an inverted yield curve scenario and found twentieth year 

surplus projections under each of these scenarios to be about the same. 

Several simple linear regression analyses he conducted further supported his position on 

minimizing capital and manpower to cash flow test participating insurance. His dependent 

variables consisted of actual historical data on the following cash flow items: premiums, claims, 

expenses, dividends, surrenders, policy loans, and cash flows from insurance operations. Each 

of these dependent variables was separately regressed against each of the following independent 

variables: calendar year, short-term interest rates, and long-term interest rates. There were a 

total of twenty-one distinct regressions, each using actual historical data on dependent and 

independent variables for the calendar years 1976 through 1992. Four regressions yielded 

significant results (i.e., statistical "t-scores" that have a low probability of occurring by chance 

alone): claims regressed against long term interest rates, surrenders regressed against short-term 

interest rates, surrenders regressed against long-term interest rates, and policy loans regressed 

against short-term interest rates. None of these results is particularly surprising. It is well 

documented that in rising interest rate environments good risks surrender leaving poor risks 

behind to carry the block of business. An immediate consequence of an increase in surrenders is 

an increase in claims experience. Millette 147] found not only this result for the block of 

business under study but he also concluded that short-term interest rates was the driver behind 

the high policy loan withdrawal rates on this block from 1977 to 1990. Other insurers could 

probably come to similar conclusions as Lambert and Millette after a study of their business. On 

the other hand, Lambert was surprised that dividends regressed against short-term and long-term 

interest rates did not yield significant "t-scores." He explains this finding as follows: 

"lt can be attributed to two things." 

1. Dividend interest rates are related more to portfolio rates than to new 

money rates. 

2. The normal annual growth in aggregate dividends due to the slope o f  
the dividend scale dominates the changes in the dividend interest 
rate. 11401, p. 18)" 
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Lambert subsequently draws another conclusion from his regression analyses which supports his 

argument for not conducting cash flow testing on participating insurance on an annual basis. He 

states: 

"While certain cash-flow components are interest sensitive, the overall 
insurance cash flows are not. This is because the total insurance cash f lows 
are dominated by cash flows that are not particularly interest sensitive. 
premiums, claims, expenses, and dividends. (1401, p.22)" 

Claims bear a direct relationship to an insurer's mortality experience and that experience is 

known to be influenced by lapse rates, which, in turn, are directly influenced by interest rates. 

According to Douglas C. Doll [34], "it is generally accepted that, if there are extra lapses on life 

insurance policies, that's going to increase mortality in the future, because some of those excess 

lapses are going to reflect select lives. The people who are impaired are more likely to keep a 

life insurance policy since they're unable to get an equivalent policy elsewhere, lla41, p. 42),, The 

point here is that claims (or paid death benefits which is presumably meant by Lambert's 

reference) may not be directly influenced by movements in interest rates, but if only the 

policyholders in good health are lapsing, then mortality increases and that affects an insurer's 

financial statements. Doll also highlights the effects of expense inflation on maintenance 

expenses and the secondary effect it has on reserves. He believes that under high lapse scenarios 

maintenance and overhead expenses may not be getting proper weighting in cash flow testing 

models and calls for more diligence in this area. 

Researchers {[16], [37], [58]} are looking into the effect of life insurance policy options, like the 

withdrawal option, on the price (or value) sensitivity of life insurance liabilities and this interest 

extends to the liabilities of participating whole life contracts. At present mathematical tools 

exist to value options on the asset side of the balance sheet, but those tools have not proven to be 

useful for valuing options on the liability side of the balance sheet. So while Lambert's 

observations may hold for the liabilities he analyzed, it is safe to forego generalizing his remarks 

to the liabilities of other insurers until more research is done. 
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Lambert and dePalo and Rieskytl are all of the opinion that participating insurance need not be 

subjected to extensive cash flow testing. Lambert recommends cash flow testing participating 

insurance every three years if there is little change in pricing assumptions, dividend scales, and 

investment policy but would prefer the Actuarial Standards Board to recommend simplified 

alternative asset adequacy measures. The team of dePalo and Reiskytl agrees with Lambert's 

defense of less extensive cash flow testing techniques, but they do not offer alternatives. They 

leave it up to valuation actuaries to develop simplified models for quantifying the sufficiency of 

reserves backing participating products. One such model is discussed in this paper. 

8 8  



B. What Should Be Measured? 

1, Pricing Considerations 

The basic question cash flow testing seeks to address is the ability of the existing book value of 

assets (set equal to the book value of existing reserves) to support future product liability 

obligations. Pricing inadequacy is not the focus. The product development process attempts to 

set premiums to achieve a desired profit goal, compensate agents competitively, and maintain a 

competitive share of the product's market. Participating products have an additional objective of 

returning some portion of earnings, those not needed, to policyholders in the form of dividends. 

Premium levels on participating products are set in expectation of returning earnings to 

policyholders by basing those earnings on conservative estimates of future mortality rates, 

interest rates, taxes, expenses, and contingencies for future catastrophic events. Harsh surrender 

penalties in the early policy years help to discourage policyholders from lapsing, allowing 

insurers to recover expenses and grow accumulated funds. Cash flow testing utilizes current 

premium levels and other funds, at the time of valuation, to analyze the match between asset 

flows and liability flows under assumptions for mortality rates, interest rates, taxes, expenses, 

and contingencies for future catastrophic events that match current-day conditions. Cash flow 

testing does not measure the appropriateness of pricing assumptions, although an insurer may 

use "the results of cash flow testing to determine the desirability of certain product features, 

investment strategies, or interest-crediting strategies (1591, p. 126~,, in future product development 

efforts. 

2. Policyholder Dividends 

Dividends are an important component of future liability flows, since by design they are an 

integral component of participating products, functioning to provide insurance at cost. 

Policyholders are typically allowed to dispose of their share of divisible surplus in a variety of 
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ways, as evidenced in Exhibit 7 of the NAIC Annual Statement Blank, Dividends and Coupons 

to Policyholders. Some common options are to route dividend monies to pay renewal 

premiums, shorten endowment or premium-paying periods, buy additional paid-up insurance 

amounts or annuities, take dividend amounts in cash, or leave the money on deposit with insurers 

to accumulate at least at minimum contractually specified rates of  interest. The most prevalent 

means by which dividends are distributed to policyholders is the Contr ibution Principle which 

requires that aggregate divisible surplus be distributed among policies in the same proportion as 

the policies are considered to have contributed to divisible surplus. The participating block of  

business under study utilizes the Three-Factor  Contribution Method to rebate surplus to 

policyholders, and although other methods for distributing surplus are utilized by some insurers, 

only the three-factor method will be discussed in this paper. The three factor method says that 

excess earnings returned as dividends result from three sources: interest, mortality, and expense 

gains, formulated as: 

kD =kl  + kM+kE (181,p.609) 

where 

kD = dividend per $1,000 payable at the end of  policy year k 
kl = excess interest factor for policy year k 
~M = mortality savings factor for policy year k 
~E = expense savings factor for policy year k 

Bowers, et a1.,[11] derive an explicit formulation using the notion of  a fund share, kF, which 

when combined with investment income and future premiums will mature the block of  business 

with a high probability. A fund share, akin to an asset share, represents a target per policy share 

of the portfolio of  assets backing the reserve liabilities for the entire block of  policies, in its 

simplest three-term form, Bowers, et al., derive divisible surplus as follows: 

k+l D = ( k F + G) ( i'k+ l - 0 + Interest  Gain  

( 1 - k+lF)(q(l)x+l, - q{t) 'x+k) + M o r t a l i t y  Ga in  
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[E k ( !  + i) - E' k (1 + i'k+l) ] E x p e n s e  G a i n  

where x = age of  issue 
kF = Beginning of  year fund target 
G = Gross premiums for policy year k 

E'k = G c'k + e'k actual expense experience for policy year k 
E k = G c k + ek assumed expense experience for policy year k 
ck -- contingency and profit loading for policy year k 
ek = expenses for policy year k 

i'k+/= actual interest experience for policy year k 
i = assumed expense experience for policy year k 

q(Z) 'x+k = actual mortality experience for policy year k 

q(l) x+k = assumed mortality experience for policy year k 

Black and Skipper discuss at least six different approaches insurers utilize to determine dividend 

interest. One insurer bases dividend scale interest on pre-tax net income inclusive of  realized 

capital gains and exclusive of  net income from policy loans. The asset base was not disclosed 

for this insurer, but Black and Skipper point out that one could legitimately use ledger assets, 

admitted assets, or invested funds with the above pre-tax net income. Other insurers are found to 

set this interest factor to a rate they judge will best reflect their investment earnings for several 

years and assume this rate as the portfolio rate, or use an average portfolio rate. Insurers could 

also turn to the investment generation method to set dividends. Under this method, dividend 

interest is based on the investment performance of  assets that belong to the same generation as 

the base policy. This method is criticized for the erratic pattern of dividends it produces, an 

undesirable result from a marketing point of  view. 

Asset share studies base dividend interest rates on interest-bearing liabilities. "Interest-bearing 

liabilities include policy reserves, funds held under settlement agreements, dividend 

accumulations, and advanced premiums. Further, if certain items, such as dividend 

accumulations, have a minimum guarantee, some insurers credit these items with the guaranteed 

rate only and increase the net effective rate for regular policy dividend purposes. ([81, p. 610),, This 
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means that the dividend interest rate used to credit paid dividends will likely differ from the 

interest rate implicit in asset share dividends. 

Black and Skipper point out a key difference between the asset share mortality assumption and 

the dividend mortality assumption. Their point in this regard is that the dividend "morality 

savings factor is usually expressed as a percentage of the assumed cost of insuranee...depending 

only on the attained age of the insured and the insurer's experience among all insureds at that 

age and duration. (ISl, p. 612),, The cost of insurance factor is usually based on ultimate mortality 

for the calculation of dividend mortality and select mortality in asset share studies. Select lives 

will experience a greater increase in dividend mortality savings in their early years than in their 

ultimate lives. 

3. Gains From Operations 

Gains from operations directly influence the surplus position of an insurer. The Summary of 

Operations exhibit of the NAIC Annual Statement blank details the relationship between 

statutory gains from operations and statutory surplus. The upper half of the exhibit provides four 

measures of operational performance for a given year: 

I. Net Gain from Operations Before Dividends to Policyholders and Before Federal 
Income Taxes, 

2. Net Gain from Operations After Dividends to Policyholders and Before Federal Income 
Taxes, 

3. Net Gain from Operations After Dividends to Policyholders and After Federal lncome 
Taxes and Before Realized Capital Gains or Losses, and 

4. Net Income. 

Net gain from operations is the difference between operational inflows and operational outflows. 

Some examples of operational inflows include: premiums, annuity considerations, and deposit 

funds collected during the year; net investment income for the year; commissions, expenses, and 
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reserve adjustments on reinsurance ceded; amortization of the interest maintenance reserve; and 

other miscellaneous income. Some examples of operational outflows include: death, 

endowment, annuity, disability, and surrender benefits paid out during the year; increases in 

policy reserves and deposit funds; commissions, expenses, insurance taxes and fees; dividends; 

and federal income taxes paid during the year. Each of the gain from operations lines listed 

above includes all or some portion of an insurer's operational inflows and outflows. Net income 

is unique in that it combines the total gain for the year resulting from operational inflows and 

outflows with results from realized capital gains or losses on the sale or maturity of underlying 

assets. 

4. Surplus Projections 

Cash flow testing efforts should produce measures that allow valuation and appointed actuaries 

to determine whether or not "reserves and designated surplus make good and sufficient 

provisions for all future obligations." Two such measures are statutory surplus and its present 

value at points of  interest in the projection period. Both measures are the result of efforts to 

model operational inflows and outflows, and include the effects of reinvestments. The 

duration(s) at which measurements are taken should support run-off patterns of liabilities. For 

some lines of business, the point at which most liabilities will be paid up might be of interest. 

For other lines, profit objectives set during the product development process may influence the 

valuation aetuary's choice of duration at which to take measurements. Management may also 

have some interest in the determination of when measurements should be taken. Projected 

surplus and its present value at the twentieth duration was of particular interest in valuing this 

block. This duration allows comparisons of the performance of this block of business against its 

profit objective. Positive results would indicate a satisfactory response from this block of 

business to fluctuations in the interest, lapse, and mortality rates imposed on the model. 
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Negative results would suggest the need to hold additional reserves for this block of  business, a 

response the Actuarial Standards Board would support. To do otherwise, appointed actuaries 

must justify this action in their actuarial opinions. Negative results may also imply the need to 

lengthen the duration of the portfolio of assets backing the liabilities to thwart the risk of  asset 

inadequacy. The PCFTM did produce negative results for the block of business under study, but 

only under interest rate scenarios more severe than those prescribed by regulation. The decision 

to hold additional reserves under such severe scenarios is the responsibility of valuation and 

appointed actuaries, possibly assisted by investment and finance specialists to help evaluate the 

likelihood of such scenarios materializing in li~e marketplace. Performance results for the block 

of business under study are discussed in more detail in a later section of this paper. 

IV. Modeling Product  Liability Outflows -- The Simplifying Technique 

A. Using Asset Shares to Model the Block of Business 

Shane Chalke's Profit Testing System (PTS) is a widely used PC-based pricing tool. This system 

allows pricing actuaries to project experience on a planned product using experience units as 

small as individuals. "file traditional approach is to band individuals on characteristics such as 

age, gender, underwriting classification, average policy size, sales distribution channels, etc., to 

form holuoge,leous groups of policyholders with "predictable" experience. The resulting distinct 

intersections represent the issue units or cells the PTS requires for modeling experience on new 

business. Assumptions for lapse rates, Inortality, expenses, and portfolio yields, combined with 

standard assumptions for future interest and inflation tales, taxes, and premium loadings are 

imposed on each issue unit. The PTS allows insurers to develop p,emium constraints for each 

issue class, underwriting classification slatus, dividends, and gender, taking into account 

TAMRA 7-pay nmximums. Dividends can also be modeled in line with an insurer's philosophy. 
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This insurer relies on its own experience for assumptions underlying issue units and requires 

dividends to increase with issue age except near age 100. The model office projection for this 

insurer is given in Table 3. It initially contained only 30 years worth of data which was not far 

enough into the future to reflect the "run-off" behavior of the business, a requirement of cash 

flow testing regulations. From that point on, premium income, reserves, surrender benefits, pre- 

tax gain, dividends, and surplus was modeled using accepted actuarial recursion formulas, 

insurer specific assumptions, and basic statutory accounting formulas to relate these elements. 

The projected liability flows of Table 3 were derived as follows: 

Liabi l i ty  F lows  

-- ( I n v e s t m e n t  I n c o m e  - Pre -Tax  Gain)  - P o l i c y h o l d e r  D i v i d e n d s  - A T e r m i n a l  Reserv es  

This relationship provides an initial level of net product liability flows. By substituting the 

standard expression for pre-tax gain the above expression becomes: 

Pre - Tax  G a i n  

= {(Investment Income - ( P r e m i u m s  + I n v e s t m e n t  I n c o m e  - D e a t h  & S u r r e n d e r  Benef i t s  

- A T e r m i n a l  Reserves  - Expenses -  P o l i c y h o l d e r  D i v i d e n d s )  } 

Policyholder Dividends - ATerminal Reserves 

or, s i m p l y  

= D e a t h  & S u r r e n d e r  Benef i t s  + Expenses  - P r e m i u m s  

The asset shares are on a calendar year basis with a January 1 issue date. The initial liability 

flows are lagged a half year to convert policies to the standard actuarial mid-year issue 

assumption. This was achieved by prospectively averaging liability flows at adjacent durations. 

That is, 
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Table 3 

A S S E T  S H A R E  M O D E L  OFFICE PROJECTION 

19P3 N E W  ISSUES 
{Nolo: Asset abates are on a calendar year bozi~.) 

($Mdlions) 

Ca) 
Gro~s Premium 

Income 

¢b) 

IncrtaJ¢ in 
Rts t~e$ 

(cJ 

Poltcyholdtr 
lOivlahrnd~ 

f~9 
Surrtndtr 

Bcntf~u 

[ C t ~ v t . ~ u ~  $ 736.6 $0.0 $ 291.2 $ 287.o [ 

l ~ t ~ n S  From 
hsu¢ 

0 71.9 0.0 0.0 0.0 

1 61.8 30.6 0.0 0.1 

2 54.4 24.4 0.1 1.3 

3 48.5 19.2 1.0 4.0 

4 43.2 14.6 12.3 6.3 

5 45.2 17.6 12.5 &O 
6 40. 7 13, 7 12.9 9. 8 

7 36. 7 10. 4 13, 2 11.2 
8 33.0 7.4 13.3 12.3 

9 29.7 4.8 13.2 13.0 

10 26,7 5.0 12.5 11.3 
11 24.4 3.3 12.1 11.6 

12 22.3 1.7 11.6 11.9 
13 20.3 0,3 I L l  12.0 

14 18.5 -0.8 10.6 12.0 

15 16. 7 -2.4 10.1 11.8 

16 15.1 -3.1 9.8 11.6 
17 13.7 -3.8 9.4 11,3 
18 12,3 .4.3 9.0 !1 .0  

19 11.1 -4.7 8.7 10.7 
20 9.9 -1.0 8.0 7.0 

21 9.1 -2.3 7.8 6.9 

22 8.4 -2.7 7.6 6.8 

23 7.8 -2.9 7.3 6.6 
24 7.2 -3.3 7.1 6.6 
25 6.6 .3.3 6.8 6.3 

26 6.1 -3.5 6.6 6.1 

27 5.6 -3.7 6.3 5.9 

28 5.1 -3.8 6.0 5.7 

29 4.6 .4 .0  5.6 5.5 

30 4.0 -4.5 5,3 5.3 
31 3.5 -5.1 5.0 5.1 

32 2.9 -6.0 4.6 4.8 

33 2.4 -6.9 4.2 4.5 
34 1.9 -7.8 3.8 4.2 

35 1.5 -8.6 3.3 3.8 

36 1.1 -9.1 2.9 3,3 

37 0.8 -9.3 2.6 2.8 

38 0.6 -9.0 2.0 2.4 

39 0.4 .8 .4  1.6 1.9 

40 0.3 -7.5 1,2 1.4 

41 0.2 -6.3 0.9 1.1 

42 0.1 .4 .9  0.6 0 .7  

43 0.1 -3.6 0.4 0.5 

44 O.O -2.5 0.2 0.3 

45 0.0 -1.5 0.1 0.2 
46 0.0 -0.9 0.1 0.1 
47 0.0 -0.4 0.0 0.0 
48 0.0 -0.2 O.O O.O 

49 O.O -0.1 0,0 O.O 
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Table 3 

A S S E T  S H A R E  M O D E L  OFFICE PROJECTION 

1993 N E W  ISSUES 
{Note: Asset shares are on a caltndar year basis.) 
($Millions) 

Ca) 
Gross Premium 

Income 

Reserves Investment Pre- Taz Gatn 
Income From Optralions 

H ~ t ~ X  I~trtlt on Sc~'p~) 

[ CumalatlvtS~s $ 736.6 $ 4,252.0 $ 436.5 $ 60.4 

Dura~o~s From 
Issue 

0 7 L9  0.0 -5.1 -72.0 
I 61.8 30.6 -0.6 10.7 
2 54.4 55.0 2.1 13.1 

3 48.5 74.2 4.4 12.3 

4 43.2 88.8 6.7 2.8 

5 45.2 106.4 8.6 5.2 
6 40.7 120.1 10.1 4.1 

7 36. 7 130.5 11.4 3.3 
8 33 .0  137.9 12.4 2.7 

9 29.7 142.7 13.1 2.1 

10 26. 7 147. 7 13.5 1.8 

!1 24.4 151.0 13.9 2.0 
12 22.3 152.7 14.3 2.0 

13 20.3 153.0 14.4 1.9 

14 18.5 152.2 14.5 1.9 

15 16.7 149.8 14.4 1.1 

16 15.1 146. 7 14. 2 1.2 

17 13.7 142.9 13.9 1.3 

18 12.3 138.6 13.6 1.3 

19 11.1 133.9 13.2 1.4 
20 9.9 132.0 12.8 1.6 
21 9.1 129.7 12.7 1.7 

22 8.4 127.0 12.5 1.7 

23 7.8 124.1 12.3 1.7 
24 7.2 120. 8 12.1 1.7 
25 6.6 117.5 11.9 1.7 

26  6.1 114.0 11.6 1.7 

27  5.6 110.3 11.3 1.8 

28 5.1 106.5 11.1 1.8 
29 4.6 102.5 11.2 1.9 

30 4.0 98.1 10.9 1.9 

31 3.5 92.9 10.5 1.8 

32 2.9 86.9 10.1 1.8 
33 2 .4  80.0 9.6 1.8 

34 1.9 72.2 9.0 1.8 

35 1.5 63.7 8.3 1.8 
36 1.1 54.6 7.5 1.8 
37 0.8 45.3 6 .7  1.9 

38 0.6 36.3 5.9 1.9 

39 0.4 27.9 5.2 2.0 

40 0.3 20.4 4.4 2.0 

41 0.2 14.1 3.8 2.1 

42 0.1 9.2 3.3 2.2 

43 0.I 5.6 3.0 2.3 

44 0.0 3.1 2 .7  2.4 

45 0.0 1.6 2.6 2.5 
46 0.0 0.7 2 .5  2 .6  
47 0o0 0.3 2 .6  2 .7  
48 0.0 0.1 2 .6  2.8 

49 0.0 0.0 2 .7  2.9 
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Table 3 

A S S E T  S H A R E  M O D E L  OFFICE P R O JE CTIO N 
1993 N E W  ISSUES 

{Note: Asset shares are on a calendar y tar  basis.} 

($MiUions) 

fa) 
Gross Premium 

Income 

Interest Rale Assumed in Asset Sha~s :  9 .30% 

(b) ~ - Co) - (0 - (t) l.,o~ed 
Ending Surplus LiabiJi~y Flows Liabili~ Flows 

[ C~t~datirtSu,,ns $ 736.6 $ 77.2 $ 84.9 $ 51.4 [ 

D~,a~ons From 
lssue 

0 71.9 -48.6 66.9 12.5 

1 61.8 ,,45.5 -41.9 -38. 7 
2 54.4 -40.0 -35.5 -31.8 

3 48. 5 -34. 0 -28. I -25. 6 

4 43.2 -33,1 -23.0 -24,9 

5 45.2 -JO. 4 -26. 7 -23, 7 

6 40. 7 -26.9 -20. 6 -18. I 

7 36. 7 .23.4 .15.5 -13,3 

8 33.0 -20.3 -II.0 -9.0 

9 29.7 -17.5 -7.0 -6.4 

I0 26.7 -15,2 -5.8 .-4.7 

II 24.4 -13,0 -3.5 -2.3 

12 22.3 -10.9 -I.0 0,I 

13 20.3 -8.9 1.1 2.0 

14 18.5 -7.0 2.8 4.2 

15 16.7 -5.7 5.6 6.0 
16 15.1 .4 .4  6.3 6.7 

17 13.7 -3.1 7.0 7.3 
18 12.3 - I ,8  7.6 7.7 

19 11.1 -0.6 7.0 6.5 

20 9.9 0.6 5.1 5,3 

21 9.1 L 9  5.5 5.7 

22 8.4 3.1 5.9 6.1 
23 7.8 4,2 6.2 6.4 
24 7.2 5,4 6.6 6 .7  
25 6.6 6.4 6.7 6,8 
26 6.1 7.5 6,8 # .9  
27 5.6 8.5 6.9 7.0 

28 5.1 9.5 7.1 7.4 
29 4.6 10.5 7.7 7.9 

30 4.0 11.5 8.2 8.5 
31 3.5 12.5 8.8 9.2 

32 2.9 13.4 9.6 10.0 
33 2.4 14.4 10.4 10.0 

34 1.9 15.2 11.2 11.4 

35 1.5 16.1 11.7 11.8 

36 1.1 17.0 11.9 11.8 

37 0.8 I Z 9  11.7 11.4 

38 0.6 18.8 I L l  10.6 

39 0.4 19.7 10,1 9.4 

40 0~3 20.6 8.7 7.9 
41 0.2 21.5 7.1 6.3 

42 0.1 22.5 5.5 4.7 
43 0.1 23.5 3.9 3.2 
44 0.0 24.6 2.6 2.0 

45 0.0 25.7 1.5 1.1 
46 0.0 26.9 0.8 0.5 

47 0.0 28.1 0.3 0.1 

48 0.0 29.3 0.0 -0.1 

49 0.0 30.7 -0.1 -0.1 
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Lagged Liability Flows t = (Liability Flowst + Liability Fiowst+l)/2 

Table 4 depicts historical data on basic elements comprising the summary of  operations for this 

block of  business. The product inflows increased significantly in 1993 as did the liability 

outflows. The PCFTM uses this actual liability experience to adjust the pricing assumptions 

Table 4 
Selected Annual Statement Data 

[ Results for Participating Whole Life 

Summary of Onerations 

Inflows: 

Outflows: 

I'$Mil} 1991 1992 1993 

Premiums (P) 901 994 1,038 
Investment Income (I1) 791 774 791 

Other (O) 143 146 127 
Total Inflows: 1,835 1,864 1,956 

Benefits (B) 864 846 806 
Life Reserve Increase (V) 121 173 248 

Expenses and Other Outflows (E) 356 344 364 
PH Dividends (D) 321 302 296 

Total Outflows: 1,662 1,665 1,714 

[ Pre-Tax Gain (G): 173 199 242 

I Other Operating Results ($Mil): 

Ledger + Non-Ledger Assets ($Mil): ! 0,280 10,600 10,865 
Aggregate Life Reserves ($Mil): 7,288 7,394 7,490 
Surplus Account ($Mil): 1,704 1,834 1,908 

embedded in the asset shares. This adjustment to the lagged liability flows is necessary for 

replicating current gain from operations at time zero in the projection. Pre-tax gain from 

operations including interest on surplus is shown in Table 3. The model will exclude interest on 

surplus to derive a target profitability ratio which is needed to adjust the asset share liability 

flows to current operating levels. 
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B. Conversion of Asset Shares into a Closed Block of  Business 

A standard model office projection provides results from the present year to some future year. 

The projection period of  the model office projection used by the PCFTM was 1993 to 2022. To 

understand how the mapping is done it is necessary to interpret each asset share model office 

projection as representative of  a past issue's contribution to 1993 experience and this requires 

removing references to calendar years. This is done in Table 3 where each projection year is 

represented as a duration from issue. Taking 1993 as the valuation year of  cash flow testing, the 

asset share values at duration zero are assumed to represent the 1993 open block experience for 

contracts zero durations from issue -- 1993 issues. The asset share values at duration one are 

assumed to represent the 1993 open block experience for contracts one duration from issue -- 

1992 issues. The asset share values at duration two are assumed to represent the 1993 open 

block experience for contracts two durations from issue -- 1991 issues. Continuing in this 

manner, the asset share values at duration forty-nine are assumed to represent the 1993 open 

block experience for contracts forty-nine durations from issue -- 1944 issues. This mapping 

simulates the 1993 open block experience of  contracts issued as far back as 1944 and every year 

thereafter. The row of cumulative values given at the top of Table 3 summarizes the simulated 

experience of  these issues and represents the entire block's experience in 1993. It is noteworthy 

that the mapping reflects a premium growth rate of  zero. As illustrated in the next section, sales 

levels on this block of business have been relatively fiat since 1967. Therefore, a premium 

growth assumption is not warranted. 

Closing the block requires restricting new entrants, although decrement through death or 

withdrawal remains permissible. Table 5 shows the 1993 closed block experience for this 

product line at duration zero, the valuation year of  the cash flow testing. The mapping technique 

that produced 1993 closed block experience is applied at each duration beyond the valuation year 
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TIlE 1993 CLOSED BLOCK O F  PARTICIPATING 

WIIOLE L I F E  BUSINESS  

(go~eline I~vets) 

Aflurat d pnemlu ra trrswth r~le of  rtro percent 

AFsume premium* oa'e pa id continuously 

DivbleepJ Adjurtment Factor = -2.535% I 
Go$ns At~uxtment Factor = -2.100% 

BoLh Applied to Gross Premiums 

T a b l e  5 

($Mi l l i ons)  

Initial Astet Share 

Closed Block D i v i d t ~  = 291.2 

l ) i vb l tnd to Mean Reterves Ratio = 3.95% 

Gains to Mean Reserv*: Ratio = 0.2J% 

LMtarinns Dividend Adjuited Su~tnd*r BenefUs 
f ~ m  Closed glo(k Me~ Pollclkolder Su~tnder to Gcdn Adjusted 

V~el ion  Gross PremJam~ Rete~t l  ~vidtnds El¢nrfUs M e ~  Rese~ts I ~  FLOWS 

0 736.6 #,#972 1777 2870 638% O0 
1 7006 #,#739 1786 2870 642% 661 
2 6JJ.~ 4.438 2 1802 2870 647% 322 
3 573.7 4,377.4 182 2 286 9 636% 89.7 
4 $24.2 4,2968 184.6 2856 6 63% 120.4 
5 47&.4 4,199 8 186 # 281 6 6 71% 1450 
6 #34.2 4,0.~72 177.4 275 t 6.74% 1689 
7 ]91,2 3,9604 168 3 267 3 6 75% 191 7 
8 352 3 3.822 9 139. I 257 5 6 74% 208.9 
9 ] I F  7 3,677 7 149 7 246 J 6 70% 2214 

/0 2&$J J, J27.3 140J 2J40 66 ]% 229.8 
I I  258.1 3, J7J4 I~1 I 221 0 6 5~% 2JJ.6 
12 2126 3,215 9 1227 209 7 652% 239 7 
13 2092 3,056 6 114 6 198 I 6 48% 241 5 
14 t 879  2.896 9 1 ~ 2  6 #-1% 2610 
15 1685 2,738 2 1742 636% 2386 
16 1509 2.3#16 1622 6 28% 234.0 
17 }3.~,0 2,4283 I~0 4 6.20% 227, 7 
18 1206 2,278 9 138 8 6(;'9% 2208 
19 1076 2,134 1 1275 598% 2132 
20 959 1,99"#2 116 5 J 84% 2033 
21 854 1,8379 105 8 3.70% 198 6 
22 75 9 1.7240 988 37-1% 193 1 
23 672 1.3928 91 9 3 77% 187 2 
24 391 1,464 6 83 1 381% 181 0 
25 51 6 1,3-198 78 3 586% 1744 
26 44 7 1,218 4 71 9 3 9O% 1676 
27 ]8-1 1.1006 636 395% 1608 
28 32 5 9860 39~ 6.04% 1538 
29 271 876 5 5-16 6 12% 146 7 
30 22.1 7703 479 6.22% 1392 
JI 180 ~ 9  42 # 634% 1312 
J2 142 3723 371 6.48% 122.6 
33 110 4814 12 0 664% 1133 
J4 84 J97 2 77 I 68J% 103.2 
J3 ~; 2 J203 7? 6 7 0 ~  92 J 
36 43  232 I 18 5 732% 809 
-17 ] 2 192 6 14 7 764% 69 1 
38 72  1424 70 114 8 ~ %  37J 
-19 13 101.4 34 86 844% 45 9 
40 I 0  692 40 6 2 896% 353 
41 0.6 449 28 43 939% 259 
42 0.4 27.6 19 2 9  1035% 180 
43 0.2 160 I J 18 1128% 117 
44 01 86  0 8  I I  1245% 7,0 
43 O.I 42  O# 06 1394% 3 7 
46 0.0 19 02 O.J 1593% J 7 
47 0.0 0 7 OI  0 1 1881% 0 6  
48 O0 02 O0 01 2403% O0 
49 . . . . . . . . . . . . . . . . . . . . . . . .  
5O . . . . . . . . . . . . . . . . . . . . .  
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to project run-off experience for this block. Mid-year assumptions are imposed at each duration 

to calculate closed block premiums and mean reserves. Surrender benefits at a given duration 

are summed prospectively over remaining durations. The asset share dividend and liability flows 

are adjusted by dividend and gain adjustment factors, respectively, to bring initial levels in line 

with 1993 actual dividend and gain experience. The dividend and gain adjustment factors are 

given in Table 5 along with the desired dividend-to-mean reserve and gain-to-mean reserve 

ratios that determine their values. The assumptions and methodology underlying these factors 

will be discussed in more detail in a later section of this paper. 

C. Sales Levels 

Sales levels on this block of business have been fairly level since 1967. Table 6 gives sales 

levels on this block as measured by annualized issue premium. Annualized issue premiums 

increase at a mean rate of 2% per year, before and after accounting changes are introduced. The 

relatively flat sales level over this period allowed for a premium growth rate assumption of zero 

in the mapping of asset share premiums to prior issue years. A premium growth rate assumption 

can only be utilized before the block is closed. After the block is closed such an assumption 

becomes inappropriate. 

102 



T a b l e  6 
P a r t i c i p a t i n g  W h o l e  Li fe  A n n u a l i z e d  I s sue  P r e m i u m  

fo r  
Pe r iod :  1 9 6 7 -  1992 

Policy Year 

1967 78 
1968 89 
1969 88 
1970 93 
1971 92 
1972 91 
1973 90 
1974 89 
1975 94 
1976 100 
1977 107 
1978 106 
1979 119 
1980 125 
1981 128 
1982 103 
1983 95 
1984 89 
1985 80 
1986 67 
1987 79 
1988 108 
1989 119 
1990 128 
1991 139 
1992 120 

Factors Affectin~ Sales Levels 

< ~  Universal Life Insurance Introduced 
< ~  Variable Products Introduced 

< ~  Universal Life Insurance Re-Designed 

< ~  New Accounting Method Introduced 
& M P W L  Product Introduced 

**Note: The new accounting method introduced in 1988 resulted in higher issue p remiums  and these 
new premiums are not completely comparable  to issue premiums before that  date. 
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D. Resulting Closed Block Premiums 

The closed block premiums are not used directly to derive liability flows as previously 

discussed, but they are used in the PCFTM. Life insurance premiums are directly tied to the 

Deferred Acquisition Costs (DAC) tax provision, which allows insurers to amortize acquisition 

expenses at a rate of 7.7% of  gross premiums per year for ten years as premium income is 

realized to cover them. This rate applies to life and noncancellable accident and health insurance 

premiums. The closed block premiums are factored-up by the ratio of  1993 actual reserves to 

asset share reserves at each duration prior to calculating amortization amounts. An initial 

unamortized amount is estimated and combined with amounts already subject to DAC tax. The 

run-off of  DAC expenses parallels the run-off of  gross premiums for the closed block. The 

closed block gross premiums are also used by the dividend and gains adjustment factors to adjust 

the asset share dividend and liability flows, respectively, to 1993 actual experience, as will be 

discussed in more detail in a later section. Finally, closed block premiums are used to develop 

assumptions for expense inflation over the projection period. 

E. Adjusting Policyholder Dividends to Match Current Experience 

By now it is well understood that the basic objective of  participating whole life insurance is to 

provide policyholders with insurance at "cost" over the whole of their lives. Gross premiums on 

each policy are set to enable insurers to achieve this objective over the aggregate life of  the 

policy. As the policy ages, contingencies originally provisioned for are measured against actual 

experience allowing the insurer to gauge what unused portion can be returned to policyholders. 

Unneeded earnings apportioned to policyholder dividends each year are reported in the Summary 

of  Operations exhibit of  the Annual Statement. Table 4 depicts the basic components of  this 

exhibit for the participating whole life block under study and is reproduced in part in Table 7 

below. 
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Tab le  7 
S e l e c t e d  A n n u a l  S t a t e m e n t  D a t a  

[ Results for Participating Whole Life 

Summary of  Onerations t'SMil} 1991 1992 1993 

Inflows: 
Total Inflows: 1,835 1,864 1,956 

Outflows: 
Total Outflows: 1,341 1,361 1,418 

Pre-Tax Gain Before Dividends: 494 504 
PH Dividends (D): 321 302 

PH Dividends as a % of Pre-Tax Gain: 65% 60% 

Pre-Tax Gain (G) After Dividends: 173 

538 
296 

55% 

199 242 

[ PH Dividends as a % of  Reserves: 4.4% 4.1% 4.0% I 

Ledger + Non-Ledger Assets ($Mil): 10,280 10,600 
Aggregate Life Reserves ($Mil): 7,288 7,394 

Surplus Account ($Mil): 1,704 1,834 

10,865 
7,490 
!,908 

Since dividends are provisioned for in gross premiums, the PCFTM uses gross premiums to 

bring the asset share dividends in line with actual experience. Table 5 depicts the projected 

experience for the 1993 closed block along with the dividend to mean reserves ratio, the 

dividend adjustment factor, and other measures relevant to this analysis. The initial asset share 

closed block dividends are also indicated for convenience and differ from the initial adjusted 

policyholder dividends by almost half. Initial closed block dividends are approximately 6.5% of 

the asset share mean reserves, much higher than actual experience. The asset share dividends are 

much higher than actual experience relative to reserves for two principal reasons: 

1. 

2. 

Asset share dividends are projected using new money rates and not 
portfolio rates which ultimately determine the actual dividends paid. 

Gross premium margins assumed in the asset shares are much higher 
than actual experience. 
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To retro-fit the asset share dividends to actual dividend experience at the end of 1993, the 

following relationship was applied: 

{The asset share dividends are taken from those given in Table 3.} 

Actual experience suggests initial asset share dividends should be adjusted to achieve a dividend 

to mean reserves ratio of 4.0%. Through trial and error, the value of the dividend adjustment 

factor is changed until the desired dividend to mean reserves ratio is achieved. This factor then 

becomes the percentage by which asset share dividends are adjusted using gross premiums to 

achieve this ratio at duration zero in the projection. Although a 4.0% target is indicated by 

actual results, a target ratio of slightly less (3.95%) was used in the PCFTM to reproduce actual 

1993 dividends more precisely. When dividends under a 4.0% target are grossed-up by the ratio 

of 1993 actual reserves to asset share mean reserves, policyholder dividends are reproduced as 

$300 million, slightly more than 1993 actual dividends of $296 million paid. By decreasing the 

target ratio, grossed-up dividends reproduce 1993 actual dividends more exactly, giving a 

dividend adjustment factor of 2.54%. This action does not have a material effect on the results. 

F. Adjusting Liability Flows to Match Current Experience 

The model presented in this paper relies on an asset share model office projection for projected 

liability data for the block of business under study. As previously discussed, the unadjusted 

asset share results cannot be expected to reflect actual statutory operating gain as of the valuation 

date of the cash flow testing. They require a re-calibration to replicate current operating gain, 

This re-calibration is done by way of a gains adjustment  faetor. The gains adjustment factor 

re-adjusts the asset share liability flows so as to reproduce current profit margins at time zero in 

the projection period. 
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Table 4 gives historical summary of operations data for this block and is reproduced in part in 

Table 8 below. Table 8 displays a reduced set of  items from the summary of  operations page 

along with other annual statement items that will aid in developing an adjustment factor for the 

liability flows used in the PCFTM. 

Table  8 

Selected A n n u a l  S t a t e m e n t  Data  

I Results for Participating Whole Life 

SummarvofODerations [$Mil~ 1991 1992 1993 

Inflows: 
Total Inflows: 1,835 1,864 1,956 

Outflows: 
Total Outflows: 1,341 1,361 1,418 

Pre-Tax Gain Before Dividends: 494 504 538 
PH Dividends (D): 321 302 296 

Pre-Tax Gain (G): 173 ! 99 242 

Pre-Tax Gain Net of Interest on Surplus: 29 58 98 

[ Net Pre-Tax Gain* to Total Assets: 0.28% 0.55% 0.90% 

[ 3 Year Average Gains Target Ratio: 0.58% ] 

Capital Losses at 35 BP: -0.35% 

[ 1993 Net-GainsTarget Ratio: 0.23% ] 

Supplementary Data ($Mil): 
Ledger + Non-Ledger Assets: 10,280 10,600 10,865 

Aggregate Life Reserves: 7,288 7,394 7,490 
Surplus Account: 1,704 1,834 1,908 

* Net Pre-Tax Gain is the same as Pre-Tax Gain Net of Interest on Surplus 

Pre-tax gain net of  interest on surplus can vary dramatically from year to year and does for this 

insurer, although for the better. Net pre-tax gain as a percent of  total assets also exhibits huge 

yearly increases over this three year period. This data seems to suggest good times are ahead for 

this insurer, but the PCFTM is going to resist using only 1993 results to gains-adjust liability 

flows. The PCFTM is concerned with the long-run earnings record of  this insurer and will look 
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to average historical operating gain performance to gains-adjust projected liabilities. In view of 

the data, this would seem a rather conservative position. A three year average gains ratio of 

0.58% indicates how this insurer has performed under recent conditions in the external 

marketplace and current social climate. More years could be justified if past conditions are felt 

to currently influence an insurer's operation in a significant way. Five year average results were 

about the same for this insurer. 

Premiums and reserves for the closed block are taken directly from the model office. Investment 

income is adjusted downward to reflect an implied prevailing portfolio rate of 6.78%. Benefits 

and expenses are approximated by initial closed block premiums and initial closed block liability 

flows from Table 3. The adjusted policyholder dividends are those from Table 5. Interest on 

surplus is calculated for exclusion from pre-tax gain as previously indicated. 

The gains adjustment amount (see Table 5) represents the amount of premium offset needed to 

achieve the desired gains ratio of  0.23% at duration zero in the projection period. This offset 

corrects the ill-fit of the mortality and expense assumptions inherent in the asset share premium 

scales by forcing the asset share liability flows to behave as if under current conditions of 

mortality and expenses, at least initially. After the initial duration, pre-tax gain is not 

constrained by this ratio but the liability flows do continue to evolve in the presence of the gains 

adjustment factor given in Table 5. The liability flows are projected at each duration t using the 

following relationship: 

, (5o t = 2 "  LiabUitiest + x=~t+l Liabilities x - Gains Ad jus tmen t  Factor * Closed Block  Gross Premiums t 
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The first term reflects the mid-year assumption imposed on the model. The second term sums 

the remaining asset share liability flows to close the block of business and project its run-off 

pattern. The third term illustrates the use of gross premiums by way of the gains adjustment 

factor to bring initial liability flows in line with actual 1993 experience and adjusts remaining 

projected flows by the same percent of corresponding projected premiums. 

Table 5 shows the gains adjustment factor, the gains adjusted liability flows, and the gain to 

reserves ratio. The gains adjustment amount in Table 5 is defined as the product of closed block 

premiums at duration zero and the gains adjustment factor. As previously mentioned, this 

amount reduces liabilities at duration zero to achieve a gains ratio of 0.23%. The gains ratio is 

the ratio of net pre-tax gain from operations to mean reserves. 

Through trial and error, the value of the gains adjustment factor as represented in the above 

formula is changed until the initial liability flows converge to those that achieve the desired net 

pre-tax gain to mean reserves ratio. This factor then becomes the percentage by which 

subsequent liability flows are adjusted using gross premiums. Table 5 shows that a gains 

adjustment factor of-2.10% is needed to attain a net pre-tax gain to mean reserves ratio of 

0.23%. 

G. Developing Sensitivity Measures 

Let's review. The model office projection provided the basic elements of a statutory income 

statement. A closed block of business was created by mapping projected income statement data 

back to previous issues so the run-off of 1993 closed block business can be observed. The asset 

share dividends have been adjusted to support this insurer's current estimation of funds not 

needed to mature the block and a rough estimate of initial liability flow projections have been 
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forced to conform to present-day conditions. The PCFTM needs to fold in a provision for future 

lapses. This will allow for observing the withdrawal sensitivity of  the liability flows under 

different interest rate scenarios and the effect on projected surplus levels. 

Table 9 illustrates the lapse function of  the PCFTM under a level interest rate scenario. The 

durational lapse adjustment factors are defined for three subsets of the projection period and 

define anticipated lapse behavior. Level interest rates are not believed to alter the expected 

surrender behavior assumed in the asset shares, as they reflect current withdrawal assumptions 

used in pricing. Surrender patterns for this block are effectively modeled by the surrender 

benefits given in the model office projection. The mapping technique employed by the PCFTM 

to create a closed block of business utilizes the ratio of closed block surrender benefits to closed 

block reserves as a proxy for future baseline surrender behavior at each duration in the projection 

period. The lapse adjustment factors allow the PCFTM to tailor the baseline lapse behavior 

defined by the pricing to specific interest rate scenarios. 

Under a level interest rate scenario, the lapse adjustment factor is defined as !.0 for all durations. 

This means that the level of reserves, dividends, and liability flows do not require an adjustment 

to .account for the level of surrenders implied by the asset share model office projection. As you 

will recall, the liability flows used in the model were derived as follows: 

= ( l n v e s t m e n t  l n c o r a e  - P r e - T a x  Ga in )  - P o l i c y h o l d e r  D i v i d e n d s  - A T e r m i n a l  R ~ e r v e s .  

The surrender benefits from the model office were not used to directly derive liability flows. 

Instead, implied rates of surrender are derived as the ratio of  surrender benefits to mean reserves 

using values for the closed block (see Table 5). These rates are assumed implicit in the level of  

reserves, dividends, and liability flows given in Table 5 and assumed to prevail in a level interest 

rate environment. Under varying interest rate scenarios, the level of  reserves, dividends, and 
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LAPSE ADJUSTED LIABILITY FLOWS 

BY DURATION FROM VALUATION 

($Millions) 

Note: 
Survivorship Factor is de f ined  
as 1.00000 at duration 0 

and ol duration 1. 

Table 9 

Level Scenario 

Durational l apse  Adjustment  Factors 

Under The Level Interest Rate Scenario 

Durations FactorS 

1 through 5 1. 0000 

6 through 10 I.OOO0 
II and Beyond 1.0000 

Durations Adjusted for Survivo~h~ 

from Sut~lvorlhlp Meatl Policyholder Gain Adjusted Closed Block 
Valuation Factors Reterves Dividends I, labili~ Flows Premiums 

0 1.00000 4,49Z2 177.7 O0 7366 

1 1.00000 4,4739 178.6 661 7006 

2 1.00000 4,4382 180.2 522 6338 
3 1.00000 4,3774 1822 89 7 575 7 
4 1.00000 4.296,8 184.6 1204 5242 
5 1,00000 4.199,8 1864 145 0 478 4 
6 1.00000 4.OdZ 2 1774 168 9 43#2 
7 1.00000 3,9604 1683 191 7 3912 
8 1,00000 3.8229 159 I 208 9 352 5 
9 1.00000 3.677.7 1497 2214 3177 

I0 1.00009 3,5275 1403 2298 286 3 
11 LO0009 3.373.4 131,1 2356 258 1 
12 1.00000 3, 215 9 122 7 239 7 232 6 
13 1.00090 3,0566 114.6 2415 209 2 
14 1.00000 2.896 9 107 0 241 0 187 9 
15 1 . 0 0 ~  7738,2 99 9 238 6 1685 
16 1.00000 2.581.6 932 2340 150~9 
17 1.00090 2.428,3 869 227 7 1350 
18 1.00090 2.278.9 80 8 2208 1206 
19 1.00000 2.134.1 74 9 213 2 1076 
20 100g00 1,994 2 694 2053 959 
21 L00000 1.857.9 64 I 198 6 854 
22 1.00900 1,724.0 594 193 I 759 
23 1,00000 1,592.8 54.8 1872 672 
24 1.00000 1,464.6 504 181 0 591 
25 LO0000 1,339.8 46 2 174 4 516 
26 IDO000 1,218.4 42 1 1676 44 7 
27 I ~000 1.1006 38 I 1608 383 
28 1.00000 986.6 343 153 8 325 
29 1.00300 8765 307 146 7 271 
30 1.00000 770.5 273 139.2 223 
31 1.1~000 6689 24 1 131 2 18 0 
32 l.O00t~ 5723 21 1 1226 14.2 
33 1.00000 4814 183 113 3 110 
34 1.00000 3972 156 1032 84  
35 1.00000 3205 13 2 92 3 62  
36 1.00000 2521 109 809 4 5 
37 1.00000 192,6 8 8 69 I 3 2 
38 1000019 1424 70 573 2 2  
39 1,00000 101,4 5,4 459 1 5 
40 1,00000 692 40  353 1 0 

111 



liability flows are modeled in the PCFTM as a function of the surrender rates implied by the 

closed block. For example, in a rising interest rate scenario surrender benefits are assumed to 

increase and the level of reserves, dividends, and liabilities should decrease in amount over time. 

The model requires the durational lapse adjustment factors to be 1.0 at duration zero for all 

scenarios to maintain initial operating conditions. Beyond duration zero, durational lapse 

adjustment factors can vary to suit the interest rate scenario imposed. 

The survivorship factors compound the effect non-level interest rate scenarios have on the 

baseline reserves, dividends, and liabilities from time zero to a given duration. When interest 

rates remain level throughout the projection period, there is no effect on baseline levels as can be 

seen in the following formulation of the survivorship factors used in the PCFTM: 

Surv ivorsh iP  t = Surv ivorsh ip  t_  l * {1 + S u r r e n d e r  Benef i t s  to R e  serves  Ra t io  t * ( I  - L a p s e  Factor  t )}  

The purpose of the survivorship factors is to specify the level to which reserves, dividends, and 

liability flows should be reduced or increased under a given non-level interest rate scenario. A 

durational lapse adjustment factor of  1.0 appropriate for a level interest rate scenario will not 

change the baseline surrender behavior assumed in reserves, dividends, and liability flows. A 

durational lapse adjustment factor of 0.5 appropriate for a down interest rate scenario implies the 

baseline surrender behavior assumed in reserves, dividends, and liability flows should decrease, 

as policyholders tend to hold onto their policies. And a durational lapse adjustment factor of 2.0 

appropriate for an up interest rate scenario implies the baseline surrender behavior assumed in 

reserves, dividends, and liability flows should increase, as policyholders tend to surrender their 

policies. 
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Factors of !.0, 0.5, and 2.0 were chosen for the regulatory level, down, and up interest rate 

scenarios, respectively, for the PCFTM. As previously discussed, Millette [47] observed that 

withdrawals as a percentage of reserves on this block of  business: 

• exceeded 6% during the early years of  the Great Depression (1930- 1934), 

• declined to just over 3% in the later years, 

• and fell nearly to zero during the years of  World War II (1939 to 1945). 

During one of  the greatest inflationary times in the U.S., he observed surrender rates climb from 

3.80% in 1977 to 8.76% in 1981 and then decline to 4.02% in 1990. His observations support 

the choice of  durational lapse factors used under the regulatory interest rate scenarios. However, 

it is important to sensitivity test this block of  business under non-regulatory interest rate 

scenarios as well. The durational lapse adjustment factors will take on values other than 0.5, and 

2.0 under scenarios more extreme than the regulatory ones to assess the ability of  the model to 

produce reasonable results. 

The mean reserves are adjusted for lapses to account for the effect on persisting lives by the 

following relationship: 

Adjusted Mean Reserves t = SurvivorshiP t * {Mean Reserves t Unadjusted for  Survivorship} 

PCFTM policyholder dividends and closed block premiums are similarly defined as illustrated in 

the following formulas: 

Policyholder Dividends Adjusted f o r  SurvivorshiP t 

= SurvivorshlPt * {Policyholder Dividends t Unadjusted for  Survivorship} 

Closed Block Pr emlums Adjusted for  Survivorship t 

= SurvivorshiPt * {Closed Block Premiums t Unadjusted for  Survivorship} 
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The liability flows are further modeled to account for survivorship assumed under non-level 

interest rate scenarios. First, the liability flows net of surrender benefits for the current period 

are adjusted by the survivorship factor for the current period to reflect the change in liabilities 

associated with survivors from prior periods. Second, surrender benefits for the current period 

are adjusted for prior surrenders using the survivorship and durational lapse adjustment factors. 

The result is the amount of surrender benefits expected to be paid in the current period and it is 

combined with the survivorship adjusted liability flows to give a new level of liability outflows. 

The Gain and Survivorship Adjusted Liability Flows are defined as: 

Gain a n d  Surv i vor sh i p  A d j u s t e d  Liabil i ty  F lows  

= Gain Adjus ted  Liability Flows 

f o r t < 2  

= (Gain Adjus ted  Liability Flows - Surrender  Benejffts t ) * SurvivorshiPt  
I 

+ 

( S u r r e n d e r  Benef i ts  t * S u r v i v o r s h i p  t _ 1 * Durat ionai  Lapse Ad jus tmen t  Factor t ) 

for t>_ 2 

Table 9A shows the progression of lapse adjusted premiums, reserves, dividends, and liability 

flows under the pop-down interest rate scenario. Comparing corresponding values in Tables 9 

and 9A, survivorship factors rapidly become accumulation factors under the pop-down scenario, 

which is indicative of a higher persistency rate than observed under the level scenario. Recall 

that the level scenario reflects the lapse behavior exhibited by the asset share surrender benefits 

and serves as a baseline level of experience. Under down scenarios, fewer lapses are expected, 

which means more premium income should be generated because the policies are persisting 

longer, and dividends should grow over time as more premium income is received. At the same 

time, reserves should grow to account for increasing mortality as persisting lives age, along with 
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lAPSE ADJUSTED LIABILITY FLOWS 

BY DURATION FROM VALUATION 

($Millions) 

Note: 

Survivorshtp Factor is de f ined  
as 1.00000 at duration 0 

and at duration 1. 

Table 9A 

Pop-Down Scenario 

Durational Lapse Adjustment  Factors 

Under The Pop.Down Interest Rate Scenario 

Durations Factors 

I through 5 0.5000 

6 through I0 0.5000 
II and Beyond 0.5000 

Durations at~'usted /'or Survivorsh~o 
from 5um4vorxh~ Mean Policyholder Gain Adjusted Closed Block 

Valuation Factorl Reterve$ Dividends Liabil~t~ Flows Premiums 

0 L~300  4,4972 1777 0 0 736 6 
1 1.00000 4,473.9 1786 661 700.6 
2 1.03234 4.581 7 1860 [98 9) 654 3 
3 1.06617 4,6671 1943 (622) 613 8 
4 110161 4,7334 203 3 (29 7l 57Z5 
5 l, 13855 4, 781 7 212 3 (0 4) 844.7 
6 117690 4,810 2 208 7 31 5 51LO 
7 1.21662 4,8183 204.8 65.3 4760 
8 125760 4,807.6 200 I 95 5 443.4 
9 1.29972 4, 780.0 194.6 122 5 4129 

10 1. 34284 4, 736 9 188 5 146 4 384 5 
I t  1.38683 4.678 3 181 9 168 6 3580 
12 1.43206 4.6053 175 7 188 3 333.1 
13 147847 4.5190 1695 205 9 309 4 
14 152600 4,420 7 1633 221 2 286 8 
15 157455 4.311 4 1573 234 3 265 4 
16 1.62403 4.192.6 151 4 244 3 245 1 
17 167433 4.0658 1455 251 6 226 1 
18 172533 3.9320 1393 2576 2082 
19 1,77689 3.7921 133 1 2623 1913 
20 1,82881 3'64Z0 1268 2658 175 5 
21 1.88090 3.494,5 1205 2713 160 7 
22 1,93482 3"335,6 1149 2753 146.9 
23 199066 3,1707 1091 2786 133 8 
24 2 04852 3, 000 3 103 2 281 1 121. I 
25 2 10856 2,8250 97 4 282 7 108 8 
26 2.17081 2.644, 9 91 3 283 6 97 0 
27 223555 2,4604 853 283 9 85 7 
28 2,30301 2,272 I 79 I 2836 74 8 
29 2.37348 2,080.3 72 9 2826 64 4 

JO 244732 1,885 6 66 8 280 2 54 6 
31 252489 1.6888 609 2760 454 
32 260667 L491 7 550 269 7 37 1 
33 2 69323 I. 296,6 49 2 260 6 29 7 
34 278525 1,1063 43 5 2483 23 3 
35 2,88355 924 1 38 0 232 5 18 0 
36 2.98914 7535 32 6 213 1 13 5 
37 3 10325 5976 27 4 190 7 I0 0 
38 3.22743 4595 22 6 165 7 72  
39 3,36363 340 9 18 1 139 3 5 0 
40 351433 2430 140 112 7 35 
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liabilities to account for higher dividend payouts and higher reserve increases each year. Table 

9B shows how the product flows of Table 9 are altered under a pop-up interest rate scenario. 

Survivorship factors become discount factors indicating reductions in future liabilities due to 

withdrawals. 

Though not shown in Table 9 or Table 9A, the liability flows are grossed-up once more by the 

ratio of actual 1993 reserves to lapse adjusted mean reserves as a final, but vitally necessary, step 

before they are combined with the asset flows. This last modification simply grosses the liability 

flows upward to 1993 levels. 

H. Policy Loans 

Policy loan activity was much more important in the early 80s and prior years when insurance 

contracts allowed policyholders to borrow against their cash values at modest interest rates, 

while at the same time interest rates in the financial services marketplace were significantly 

higher. Policyholders looking to arbitrage their investments in life insurance contracts borrowed 

heavily against them at low interest rates and invested those funds elsewhere at significantly 

higher interest rates. This arbitrage activity replicated the "run on the bank" environment of the 

U.S. Great Depression Era (1929-1939). Insurers responded in the 1980s and onward by 

integrating policy loan activity with dividend payout levels and moving away from fixed policy 

loan interest rates. Under the NAIC's variable loan provision, insurers can tie policy loan 

interest rates to yields on Moody's Bond Index with a lag. This practice dampens the effects of 

disintermediation on new issues but not on older business. Arbitrage opportunities still exist on 

older business and need to be modeled in cash flow testing. The model presented in this paper 

details some simple techniques for studying an insurer's exposure to disintermediation risk on 

older blocks of business. A crosstabs analysis is introduced that can help insurers develop and 

monitor their exposure to disintermediation risk due to policy loans. 
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L A P S E  A D J U S T E D  L I A B I L I T Y  F L O W S  

B Y  D U R A T I O N  F R O M  V A L U A T I O N  

($MHlions) 

N o ~ :  

Survivorship Factor is def ined 
as 1,00000 at duration 0 

and  at  duration 1. 

T a b l e  9B 

P o p - U p  S c e n a r i o  

Durational Lapse Ad jus tment  Factors 

Under The Pop.Up Interest Rate Scenario 

Dun~on~ yac~ors 

1 through 5 2.0000 
6 through 10 2.0000 

11 and Beyond 2,0000 

Dura~ons 

from Survlvorsh~ Mean 
Valuation Factors Reserves 

Adjusted for Survlvors8~o 

Policyholder GnJn Adjusted Closed Block 
DivldendJ LiabOily Flows Prtmlumx 

0 1.00000 4,497.2 1777 O0 736.6 
I 1.00000 4.473.9 1786 66.1 700.6 
2 O, 93533 4.151,2 168 5 354 4 592 8 
3 087401 3,825.9 1593 364 4 5032 
4 081591 3.5058 1506 3645 427 7 
5 O. 76120 3,196.9 141.9 355.6 364.2 
6 0 70992 2.901 8 125.9 343 6 3082 
7 0.66199 2,621.7 111.4 3295 2590 
8 0.61740 2.360.2 98.2 311.0 217 7 
9 057604 2,1185 86.3 289.8 1830 

10 053782 1,897.2 755 2673 154.0 
11 050258 1,695.4 65.9 245 1 129. 7 
12 046980 1,5108 576 2249 109 3 
13 O. 43935 L 342.9 50. 4 205.2 91.9 
14 0.41110 1,1909 440 1861 773 
15 038494 1,0540 38 5 1680 64 9 
16 0.36075 931.3 33,6 150.8 54.5 
17 0.33840 821.7 29.4 134. 7 45.7 
18 031779 7242 25 7 1200 38 3 
19 0.29879 6377 224 1067 32.2 
20 0.28133 361.0 195 94.6 27.0 
21 0.26531 492 9 170 842 227 
22 025010 4312 149 76.0 19.0 
21 0 23566 3754 129 684 15.8 
24 022196 3251 112 614 13.1 
25 020895 279.9 96 549  108 
26 0.19661 239.6 83  489  8 8  
27 0.18489 2035 71 434 71 
28 0.17373 171.4 6 0  38 4 5 6  
29 016310 142 9 5 0  338 4 4  
30 0.15295 1178 42 296 34  
31 0.14325 95.8 35 257  26  
32 013397 76 7 28  22 1 I 9 
33 0.12507 60.2 23 18 7 14  
34 011653 46 3 I 8 15 6 I 0 
35 0.10830 34 7 I 4 12 8 0 7 
36 010037 2J.3 1.1 10.3 05  
37 009271 17.9 0 8  8 0  0.3 
38 0.08529 121 06 6 0  02  
39 0.07809 79 0.4 4 4  OI 
40 007109 49  03  30  OI 
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An insurer's current policy loan experience is easily observable with a simple crosstabs analysis. 

A crosstabs is a matrix which classifies data by two of its attributes, with one attribute classifying 

the data by rows and the other attribute classifying the data by columns. For the PCFTM, 

outstanding policy loan balances were classified by policy issue year and by policy loan interest 

rate. Row and column sums aggregate outstanding balances by their respective attributes. 

Table 10 displays outstanding policy loan balances for this block of business as of September 30, 

1993. At a glance, it becomes immediately apparent the bulk (85%) of the $1.6 billion balance is 

attributable to policies issued prior to 1981 with fixed policy loan rate provisions. Around this 

time, this insurer adopted the NAIC's variable policy loan provision and allowed inforce 

policyholders to convert their fixed loan rate policies to variable loan rate policies under a 

dividend enhancement plan which accounts for policy loan balances at variable rates on policies 

issued prior to 1981. The intent of the dividend enhancement plan was to curb exposure to 

disintermediation, but the crosstabs suggests very few policyholders converted their fixed rate 

loan provisioned policies to policies with the variable rate provision. As of 9/30/93, policies with 

variable loan rate provisions accounted for only 10% of the outstanding loan balance for this 

block of business. The top half of Table 10A summarizes the loan experience of the crosstabs 

analysis and the percentages given provide a foundation upon which to model future policy loan 

experience. The goal in modeling policy loans is to project outstanding balances at each duration 

that can be combined with the fixed income and real estate assets backing the reserve liabilities 

for this block. Policy loans are rightfully included with assets since policy cash values back 

policy loans ( i.e., cash values provide the collateral against which policy loans are made) and part 

of the policy loan interest is credited to policyholders. 
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C R O S S T A B S  A N A L Y S I S  O F  O U T S T A N D I N G  POLICY  L O A N  B A L A N C E S  O N  T a b l e  lO 
P A R T I C I P A T I N G  W H O L E  L I F E  I N S U R A N C E  A S  OF 9130/93 

¢,D 

(.~00) 

Policy ~ Rates: 

5.oo~ ~ 7.00% 7,so~ 7 . ~  s . ._~ a.._~ s.zs~ s.s_.2~ s.7__~s~ 9.z...~s~ 

Policy 
l~u¢  Year: 

1918 0 
1919 7 
1920 4 
1921 10 
1922 31 
1923 23 
1924 23 
1925 46 1 
1926 64 0 
1927 93 
1928 140 
1929 145 
1930 156 
1931 252 
1932 221 
1933 267 
1934 307 
1935 489 
1936 623 
1937 79I 2 
1938 984 I 

1939 1.310 2 
1940 2.204 2 
1941 2. 954 6 
1942 2,440 9 
1943 2,550 
1944 3.262 
1945 4.052 
1946 Z326 
1947 6,231 

0 0 

0 4 

1 
0 

2 0 5 
2 o 4 

0 3 
4 1 0 
3 10 
3 2 o 5 
0 0 0 2 
4 2 0 6 
8 2 o 3 

14 3 0 22 

4 13 1 32 
1 5 0 13 
4 2 0 18 

40 2 0 47 
64 9 i 36 

99 26 21 1 79 1 
57  31 2 38 1 

Total % of  Total 
$Outxtanding Outstanding 

B a l ~ c e  Balance 

0 0% 
7 0% 
4 0% 

10 0% 
32 O~ 
24 0% 
23 0% 
50 O~ 
65 0% 
93 O% 

1#4 0% 
150 0% 
156 0% 
260 0% 
228 0% 
270 0% 
312 0% 
502 0% 
633 0% 
797 0% 
997 0% 

1,331 0% 
2,253 0% 
3,018 O% 
2,471 0% 
2,575 0% 
3,356 0% 
4,170 0% 
7.585 0% 
6,364 0% 



C R O S S T A B S  A N A L Y S I S  OF O U T S T A N D I N G  P O L I C Y  L O A N  B A L A N C E S  O N  Table  10 

P A R T I C I P A T I N G  W H O L E  L I F E  I N S U R A N C E  A S  O F  9/30/93 

--.a. 

0 

($000) 

Policy Loan Rates: 

s .oo~  ~._.00% 7.__~o 7.s....30% 7.2.2s% 8.o0% a.oo% s.2.._.~s~ s . 5 ~  s rs,r, 92_.2s% 

F~td Rate F~ed gc~e F~td Rate 

Policy 

I~sut Year: 

1948 6.504 7 3 54 14 1 47 4 5 
1949 "L518 6 16 21 22 1 60 5 1 
1950 10,244 12 18 96 46 3 151 21 2 0 
1951 11,815 50 5 44 34 2 I58 3 2 
1952 13.072 1 19 19 82 35 2 145 0 0 
1953 15.679 29 31 63 78 5 190 4 2 4 
1054 17,403 17 13 78 42 3 I30 5 10 9 
1955 20,140 34 43 71 74 5 311 18 0 I 
1956 22,344 26 49 121 68 5 270 4 2 
1957 30, 096 51 228 153 133 9 464 17 9 3 
1958 35,860 57 100 287 158 11 453 25 # 5 
1959 39,405 72 161 257 155 11 511 24 11 2 
1960 34.162 56 83 303 202 14 512 18 1 3 
1961 3Z850 71 91 288 203 14 519 18 l 4 
1962 42.114 90 90 284 134 9 593 20 7 6 
1963 51,043 1 126 133 456 164 11 728 17 27 4 
1964 52,500 84 161 415 2~6 15 787 46 8 
1965 58. 567 174 252 423 218 15 760 38 4 4 
1966 57,688 90 118 422 271 19 910 16 4 4 
1967 60, 915 100 210 464 318 22 1.129 22 5 15 
1968 66,487 1 22I 216 573 351 24 963 17 5 6 
1969 61,536 108 138 1.063 279 19 937 51 9 6 
1970 32, 904 24, 975 162 105 439 289 20 1.054 37 5 5 
1971 10.~47 4Z413  192 13l 461 430 29 1.624 46 5 2 
1972 9.455 45.183 201 197 428 244 17 889 81 17 3 
1973 7.683 38,447 76 139 383 277 19 833 29 12 9 
1974 7. 585 35. 920 55 121 365 214 15 764 32 8 6 
1975 16, 955 31, 952 63 150 336 405 28 705 25 2 16 
1976 1 I. 940 35. 282 94 1 I5 396 300 2I 778 13 I0 3 
1977 11,077 36.311 107 115 327 449 31 891 48 5 2 

Total % of Total 
$Outstanding Outstandmg 

Balance Balance 

6,639 0% 
7,649 0% 

10,593 1% 
12,113 1% 
13,376 1% 
16,086 1% 
17,710 1% 
20.698 1% 
22,888 1% 
31,162 2% 
36.959 2% 

40,600 3% 
35.354 2% 
39,060 2% 

43,348 3% 
52,709 3% 
54.242 3% 
6O,455 4% 
59,542 4% 

63,2O0 4% 
68,864 4% 
64 ,146 4% 
59.994 4% 
60.~79 4% 

56.716 4% 
47,907 3% 
45.085 3% 
50,636 3% 
48,952 3% 

49,362 3% 



CROSSTABS ANALYSIS OF OUTSTANDING POLICY LOAN BALANCES ON 

PARTICIPATING WHOLE LIFE INSURANCE AS OF 9/30/93 

($ooo) 

Table 10 

Policy Loan RaU$: 

5.00% 6.._~ 7.00% 7.5.~0% 7.._~75% 8...~, 8.00% 8.2_..~5% 8.s_.£% £~% 9.2....£5% 
F~cd Rate F~td R4t¢ b2gcd Rate 

Policy 
Issue Year:. 

1978 3.452 13.577 5 35 92 23,615 1.751 250 
1979 2 18,727 270 20 162 3L015 2.121 117 
1980 1 3.244 78 38.990 2.666 86 
1981 1 39.216 2.682 
1982 2 1 4 27,150 1.856 55 
1983 1 1,070 1.282 3.751 15.077 1,031 9.227 
1984 1,143 1.668 5.935 7,319 500 9, 740 
1985 1,302 2, 272 5, 391 4. 917 336 8, 678 
1986 699 648 4, 279 3, 653 250 5. 859 
1987 643 878 2, 778 2,421 166 4, 714 
1988 652 815 2.915 2,508 172 5,156 
1989 301 525 2,157 1,389 95 3. 806 
1990 230 290 1.236 654 45 2.100 
1991 78 263 551 380 26 898 
1992 4 3 114 139 9 258 
1993 I 

Total 

Total % of Total 
$Outslanding Outstanding 

Balance Balance 

8 8 44,794 3% 
5 2 2 52,444 3% 
l 1 45,068 3% 

41,899 3% 
29,068 2% 

457 28 21 31,944 2% 
603 49 52 27,009 2% 
703 51 26 23,676 1% 
333 104 39 15, 865 1% 
399 20 21 12,038 1% 
297 47 16 12,578 1% 
411 38 14 8.735 1% 
111 25 1 4,692 0% 

76 31 2.302 0% 
527 0% 

1 O% 

Outstanding $ 896.875 $ 33£714 $ 8,925 $ 12,083 $ 38,824 $ 206,370 $ 14,111 $ 69,543 $ 4,106 $ 593 $ 317 
Balance ( 5 6 ) %  ( 2 1 ) %  ( 1 ) %  ( 1 ) %  ( 2 ) %  ( 1 3 ) %  ( I ) %  ( 4 ) %  ( 0 ) %  ( 0 ) %  ( 0 ) %  
t% of 7o~) 

$ 1,587,460 (100) % 
(100) % 



Table 10A 
Outs tand ing  Policy Loan Balances 

as o f  
9/30/93 

Policy Loan Rate 
Fixed 

% of Total Balance 

5% 56% 
6% 21% 
8% 13% 

Variable Myriad 10% 

I 1994 Policy Loan Data 

Annual Expenses% ~-1.0% 

Outstanding Balance 
as of 12/31/94 ~ >  $1,733 

Policy Loan Asset Base $10,868 

Balance as a Percent 
of Asset Base 15.95% 

Table lOB details the methodology behind the modeling of  policy loans under a level interest rate 

scenario for illustrative purposes. It should be noted at the outset that this methodology is applied 

in the PCFTM to all the tested interest rate scenarios by varying new money rates and lapse 

adjustment factors consistently. The modeling starts with the reserve growth factor. It is used to 

keep policy loan balances in line with reserves and defined as follows: 

I Re serve Growth Factor t = M e a n  Re  serve t / M e a n  R e  se rve t_  l 

Reserve adjusted policy loans on variable rate provisioned contracts are expected to increase at 

future durations at a rate of 1% per duration as follows: 

P r  e - A d j u s t e d  Var iab l e  B a l a n c e  = 1,733 * ( 1 3  % + 0.01 * t )  * R e  s e rve  G r o w t h  F a c t o r  t 

A similar relationship is applied to policy loans on fixed rate provisioned contracts. Fixed rate 

provisioned contracts are expected to experience a !% decline in policy loans at future durations. 
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CO 

M O D E L I N G  F U T U R E  P O L I C Y  L O A N  E X P E R I E N C E  

U N D E R  T H E  L E V E L  I N T E R E S T  R A T E  S C E N A R I O  

T a b k  IOB 

f ~  ~ &da~¢~ ~ Baznzex ~ Malty B~nc~ ~ B¢~ne~x m B~aoJ ~ A ~  M r ~  Ow~'ud~ t .4~g~T~ ~ m  i t  A ~ o ~ m  ~ ~ ~ Lamm'~ 
Vslumlon Fsc~r V~iehl~ ~ F~¢d La~w~ l~wts 5% Loam Rat~ 6~b I.a<n Ret¢ 8% ~ .~e  D u ~  InNren B~Ice C¢tl~ Flow 3 ~  6% ,~k 

0 I 000O 173 1,360 5 93% 
1 09948 190 1.534 593% 
2 0 9869 205 1.503 593% 
3 0 9734 219 . 1,468 593% 
4 O. 9~54 232 1,424 5 93 % 
5 0 9339 243 1.376 5 93% 
6 0 9 ~ 8  232 ].323 5 93% 
7 08805 259 1,267 5 93% 
8 08300 265 ],2~ff 393% 
9 0.3178 269 1,148 393% 

10 0. 7844 272 1. 087 3,93% 
1J 0,76Ol 273 L027 5.93% 
12 0 7151 273 9O7 593% 
13 06796 271 ~ 7  5 93% 

1S 06989 264 791 3.93~ 
16 05740 259 736 5.93% 
17 0 . ~  253 ~ 3.93% 
18 0.5067 246 63"2 593% 
19 0.47'¢5 238 5P, a 5.93% 
30 0 4434 231 538 5 93% 
21 0 4131 223 494 5 93% 
22 0 3~33 213 432 5 93% 
23 0 3542 203 411 593% 
~$ O 3257 192 372 5 93% 
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The following formula defines the total fixed loan amounts prior to new money interest rate 

adjustments: 

Pr e - Adjusted Fixed Balance t = 1,733. (56% + 21% + 10% - 0.01 * t )  * Re  serve Growth Factor t I 

The 1% differential reflects the fact that the variable rate business is newer and may be expected 

to grow in size relative to the fixed rate business. 

To account for changes in new money rates, the following relationship adjusts policy loan 

balances when new money rates exceed fixed policy loan rates by more than 3%: 

where 

Adjusted Outstanding 
Balance at F % = m a x {  O'F% L°ant - I * Pre - Adjusted Fixed Balance Ratio + ~ 

(New Money Rate - F % -  3%)* Unloaned Amount J 

Pre-Adjusted Fixed Balance Ratio = Pre-Adjusted Fixed Balance Ratio t / Pre-Adjusted Ftxed Balance Raaot.t 

The 3% hurdle was judged appropriate for this block of business. Other insurers may use a 

different assumption. The term "F% Loant.l" refers to adjusted outstanding balances on fixed 

loans given in Table 10A and "F%" represents the fixed policy loan rates of 5%, 6°/'0, and 8%. 

The new money rates are level for this illustration, the level scenario. They should be made to 

vary as prescribed by Standard Valuation Law in the other regulatory interest rate scenarios. 

Results under the pop-down scenario are given in Table 10C. Under this scenario policy loan 

balances gradually decline to zero and after-tax cash flow increases. Under the pop-up scenario 

loan balances and cash flows rapidly go to zero (See Table 10D). 

Annualized interest is the sum of policy loan interest less expenses on the total outstanding 

balance. The total outstanding balance is the sum of adjusted fixed loan balances plus the 

124 



MODELING FUTUP.E POLICY LOAN EXPERIENCE 

UNDER A POP.DOWN INTEREST RATE SCENARIO 

Tab le  10C 
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MODELING F U T U R E  POLJCY LOAN EXPERIENCE 

UNDER THE POP-UP INTEREST RATE SCENARIO 
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variable loan balance. This is the amount included with other assets backing reserve liabilities. 

The after-tax cash flow is generated as the change in policy loans plus after-tax mean interest at 

an assumed tax rate of 35% and included with other after-tax cash flows. The unloaned amounts 

use the outstanding balance percentages given in Table 10A to segment total assets ($10,868 

million) by policy loan interest rate. Thus, 5% fixed rate loans are assumed to belong to an initial 

asset pool of $6,086 million; 6% loans are assumed to belong to an initial asset pool of $2,282 

million; 8% to a pool of $1,413 million; and variable rate loans to a pool of $1,087 million, for a 

total pool of $10,868 million. The pool dwindles at each duration as do outstanding loan 

balances, The Change in Loan% column is the NAIC yield formulation which reflects the change 

in the total outstanding loan balance and the after-tax policy loan cash flow. 

I. Inflation 

Most of the inflation assumptions are implicit in the PCFTM. The cash flows were modeled by 

the Investment and Real Estate Departments and incorporate assumptions for inflation. Inflation 

assumptions for general insurance expenses are modeled in the PCFTM and described in the next 

section. 

J. Expenses 

Investment expenses are conservatively incorporated in the PCFTM at 20 basis points on 

reserves and reinvestment book values. Non-investment expenses subject to inflation are defined 

as 10% of premiums multiplied by inflation that has occurred since the starting point. Expense 

inflation factors are assumed to be one-half the new money rates defined in each scenario. Table 

11 shows the progression of inflation factors and the level of expense inflation modeled in the 

PCFTM under the level, pop-down, and pop-up interest rate scenarios. 

K. Taxes 

Federal income taxes are assumed at a rate of 35% on cash flows, change in book values, interest 

income, and surplus. Tax credits (at the rate of 35%) for liability flows, reserve increases, and 
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V. 

investment expenses offset the total lax liability. The differential earnings rate is also modeled. 

As previously discussed, DAC taxes are calculated according to statute and amortization 

amounts are included in the modeling of reinvestments. 

Actual Results Under Two Regulatory Scenarios 

The results are in and we have pricing actuaries, accountants, and investment specialists to thank. 

Unknowingly, pricing actuaries have developed tools that can be used outside of the product 

development function. Those tools, combined with basic accounting priuciples, can be used to 

model insurance liabilities for cash flow testing models. Projected liability flows for the block of 

traditional participating whole life tinder study were simulated using new business asset shares, a 

unique mapping technique, and simplifying assumptions and adjostlnenls to replicate curreut gain 

from operations at time zero. The investment specialists of Ibis insurer applied the tools of their 

trade to model the option behavior of the assets backing product liabilities under the regulatory 

interest rate scenarios. Asset cash flows were made to respond as prudent investors would under 

the influence of moderate to extreme changes in interest rates. The PCFTM allows valuation 

actuaries to measure the interaction between projected asset and liability flows to determine the 

need to set up additional reserves. 

A. The Regulatory Interest Rate Scenarios 

The NAIC's Standard Valuation Law and New York Regulation 126 both describe identical 

scenarios under which to test asset adequacy. Those scenarios prescribe the behavior of tile yield 

curve over tile projection period when valuing both assets and liabilities. Starting from an initial 

treasury yield curve with yield points specified for 3 and 6 month maturities, and 1,2, 3, 4, 5, 7, 

10, 15, 20, and 30 year maturities, tile regulations define positive and negative parallel shifts* of 

yields for cash flow testing. The regulatory scenarios are as follows: 

Lev¢t: No shifts of initial yield curve throughout projection period 

IJp: Positive parallel shifts of 12.5 basis points each quarter for the first 
10 years and level thereafter. 
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Uo-Down: 

Poo-Un. 

Down: 

Down- Uo: 

PoD-Down." 

{*Note: 

Positive shifts of 25 basis points each quarter for the first 5 years 
followed by negative shifts of 25 basis points each quarter for the 
next five years and level thereafter. 

Positive shifts of 75 basis points each quarter for the -first year 
only. Though not prescribed m the regulations, the yield curve was 
inverted (i.e., reflected) at the end of the -first quarter about the 
horizontal through the 7 year maturity yield point and remained 
inverted for one year. At the end of  the first year, the inversion is 
removed and the yield curve is equivalent to a 300 basis point 
positive shift of the initial yieM curve. 

Negative parallel shifts of 12.5 basis points each quarter for the 
-first 10 years and level thereafter, subject to regulatory yield 
minimums. 

Negative shifts of  25 basis points each quarter for the first 5 years 
followed by posRive shifts of 25 basis points each quarter for the 
next -five years and level thereafter, subject to regulatory yield 
minimums. 

Negative shifts of 75 basis points each quarter for the-first year and 
level thereafter, subject to regulatory yield minimums. 

A parallel shift means aHyieidpoints change by the same amount,} 

The regulations define minimum yields for the down scenarios as 50% of treasury yields plus a 

quality spread along all points of the initial yield curve. Additional yield points can be 

determined by interpolation or extrapolation using linear or, preferably, higher ordered methods. 

The resulting scenario yield curves are converted to spot curves to discount projected cash flows 

back to the valuation date. The PCFTM tested the block under study under all the regulatory 

scenarios and the results are presented in a later section. Results under the level and pop-down 

scenarios are discussed in detail to further elaborate on the model. 
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B. The Level Scenario 

As previously mentioned, once the asset share dividends are adjusted by the dividend adjustment 

factor and the initial asset share liability flows are adjusted by the gains adjustment factor, they 

are adjusted for survivorship and factored up by the ratio of  1993 actual reserves to initial asset 

share mean reserves. This last adjustment will ensure that factored dividends and liabilities will 

reproduce target performance ratios at duration zero. Assets and their flows, on the other hand, 

are factored down to the level of liabilities by the ratio of  1993 actual reserves to 1993 actual 

assets to satisfy regulatory equality constraints which requires assets to equal reserves at time 

zero. Now that all the flows are on the same playing field, we can examine how they perform in 

the PCFTM. 

Most will not be surprised that surplus consistently increases under a level interest rate scenario. 

The central results for this scenario are given in Table 12 and backup data is given in Table 12A 

and Table 12B. As Table 12 depicts, surplus grows from an initial amount of  zero to $1,060 

million by the end of the projection period and to more than half that amount by duration 20 

under level interest rates and the baseline surrender behavior of  the asset shares. Some 

explanation is called for to explain how surplus is derived in the PCFTM. Basic accounting 

says: Assets = Liabilities + Surplus. Thus, by simply transposing this equation, surplus is the 

difference between assets and liabilities. Valuation regulations on cash flow testing require 

setting initial surplus to zero which means assets must equal reserves at the initial duration in a 

cash flow testing model. This required condition was not initially met by the assets and 

liabilities used in the PCFTM. The assets for the level scenario are given in Table 12A which 

shows an initial book value of assets of  $10,868 million and initial asset cash flows of $1,727 

million. Both amounts reflect policy loan activity. The initial book value of  asset share 

liabilities is $4,497 million and initial liability flows are $178 million. This imbalance is 

corrected by "factoring-up" the mean reserves and gains adjusted liability flows by the ratio of 
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Table  12 
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af Reser~es to I~  BO0~ Value oJ Al~rl$ (69%) 
Aaset Share New Moe~y Rale: 9 3% 
Reinve.ltm~nt O(c~J Every Seven Yew~ 
Pr¢ vazling Intere.~t Pales A~t, med to Start at 6.78 % 
Before Default Char&¢$ and Invejtmcm F~penses 
NAIC M i n i ~  Yield: 3.91% 
Defa~11 Ch~geJ AJJumed ol 3~ 
]nvegcmcat E.xpetl~e$ A$at~med at O. 2 
A~swned Toa Rate: 35% 

($Milllons) 

Fac tored-Down B o o k  Values + B o o k  Value  o f  Rcinvestraent$ 

ASSET5 
Durations 

from Un-Factot~d Facwred.Down Book Valut of 
V ~ n  Book Values Book Valut$ Rtinve~tmtnts 

Factoztd.Down 
A.~tr Flows 

0 10,868 7,490 
1 9,601 6,617 893 1,190 
2 8,568 5,905 1,627 990 
3 7,564 5,213 2,278 940 
4 6, 658 4,589 2, 818 841 
5 5.422 3, 737 3.540 1.032 
6 4, 605 3,174 3, 945 708 
7 3, 702 2, 551 4" 383 737 
8 3,195 2. 202 4, 534 443 
9 2, 710 1,868 4, 663 414 

I0 2,277 1,570 4,747 362 

11 2.108 1.453 4.636 172 
12 1.904 1.312 4.541 189 
13 1. T27 1. 225 4. 391 134 
14 1.655 1.140 4.236 128 
15 1.488 1.026 4.106 151 
16 1. 381 952 3. 942 110 
17 1. 298 895 3. 769 92 

18 1,197 825 3,612 103 
19 1,121 772 3,444 83 
20 1, O19 702 3,301 98 
21 843 581 3,216 148 
22 789 54.4 3.049 60 
23 736 507 2.885 59 
24 683 471 2,725 57 
25 630 434 2.571 56 
26 578 398 2,421 54 
27 527 363 2,277 53 
28 476 328 2.137 51 
29 427 294 2,004 49 

30 378 261 1,876 47 
31 331 228 1. 755 44 
32 286 197 1.642 42 
33 242 167 1,537 39 
34 202 139 1,442 36 

35 164 113 1.358 32 

36 130 9O 1.286 28 

37 I00 69 1.227 24 
38 7.S 51 1.182 20 
39 54 37 1.149 17 
40 37 25 1.130 13 
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Table 12 
C A S H  F L O W  T E S T I N G  R E S U L T S  

U N D E R  T H E  L E V E L  

I N T E R E S T  R A T E  S C E N A R I O  

A.~umpcior~ : 
Assets Flows are Factored-Down by the ratio 
of Reservez to the Book Value of Assets (69%) 
Asset Sbart New Mon¢ 7 Rate: 9.3% 
Reinve~tmem Occurs Every Seven Yeals 
Prev~llag 1~¢r¢,¢1 Rain AsSuz'Led tO Start at 6 78% 
Defot, Defoa~ ~ g e s  and Inve~men: F-~peraes 
NMC Minimum Field: 3.91% 
Default Charges Asgu,'ff.ed ol 3 
Inve~tmem F..Xl~nZrs A~m~td al O. 2 % 
A~su,v~d Tax Role. 3J ~ 

($Millions) 

Fac tored-Up & Lapse  Adjus ted  M e a n  Reserves  

LIABILITIES 
Durollons O a - F a ~ i o r t d  Fac tored .Up  Fattoeld.Up Factorial.Up Projtcgtd 

l'rom Lqs¢ Ad, lua,4 Lapse Adluard ~ Po l i cyho td t r  Pollcyhotdcr 
VnmmiArl Mean Rtscrcts Mean Reserves Flows l~'videndJ Dividtnd~ 

0 4.497 Z490 178 296 296 
1 4, 474 Z 451 114 298 298 
2 4, 438 7, 392 93 300 300 
3 4,377 Z290 158 304 309 
4 4,297 7.156 211 307 298 
5 4, 200 6, 995 254 311 297 
6 4,087 6,807 295 295 270 
7 3, 960 6. 596 334 280 242 
8 3. 823 6, 367 363 265 215 
9 3, 678 6,125 385 249 188 

I0 3, 528 5.875 399 234 170 
I1 3, 373 5,618 409 218 155 
12 3, 216 5. 356 415 204 138 
13 3.057 5.091 418 191 125 
14 2.897 4,825 417 178 113 
15 2, 738 4, 560 413 166 106 
16 2. 582 4. 300 405 155 98 
17 2,428 4,044 394 145 85 
18 2,279 3. 796 382 134 83 
19 2,134 3. 554 368 125 77 
20 1,994 3. 321 355 116 71 
21 1,858 3, 094 343 107 65 
22 1, 724 2.871 333 99 60 
23 1,593 2, 653 323 91 56 
24 1.465 2,439 311 84 51 
25 1.340 2,231 300 77 47 
26 1.218 2.029 288 70 43 
27 1.101 1,833 275 64 39 
28 987 1,643 263 57 35 
29 876 1. 460 250 51 31 
30 770 1,283 237 45 28 
31 669 1.114 223 4.0 25 
32 572 953 208 35 22 
33 481 802 192 30 19 
34 397 661 174 26 16 
35 320 534 156 22 13 
36 252 420 136 18 11 
37 193 321 116 15 9 
38 142 237 96 12 7 

39 101 169 77 9 5 
40 69 115 59 7 4 
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T a b l e  12 

C A S t l  b l . O W  T E S T I N I ;  R E S U L T S  

U N D E R  TIIE L E V E l .  

I N T E R E S T  R A T E  S C E N A R I O  

At~et~ F'l()ws are ,t~)~lored Di)~n by Ih¢ ¢alio 

a[ Re~¢~  ro t ~  Bo,~ Val.¢ o[ AJset~ (a9%) 
AIJtl Shore Ne~' Money Rate: 9 J~ 
R¢lnttj~nvtu Occ~ Etery Se~en Yea1~ 

Pre~ading lnletell ROI#J etllumed Io SIOII al 6 78~ 

8clare D¢filull Charge$ and In~3tm~nl FJpcnlei 
NAIC M,mrwm Deld: 3 91% 
Dlfilull Ch~llgeJ ~.$juta.td at J~ 
[nw~ltmttl El o~'tlJej AI j i,~ltd o1 o 2~ 
,tIlu#nl, l la~ R, ue 35~ 

($MIIlions) 

Dutalional I~pl¢ AdJuffment 
Faaors by I~ura~io.s 

I thral,gh 5 = > 

6 through Io = > 

11 oad lYooad= > 

1,0000 

1.0000 

1,0000 

I 
Rrtulll Under tkt Level | 

I 
Inler¢lI IlalG Scenallo 

Ending Surplus = t ,040 

20Th Year Sur~=  #81 

Present Value= J20 

Surp lus  

I)urationJ 

Valuation 

Ntw ManO ~a1*s 
mr, 

Def~J 

Surph,J 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I0 

II  

12 

13 

14 

15 

16 

17 

18 

19 

2O 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

18 

39 

4O 

£93% 

5 9]% 

593% 

593% 

5 93~ 

593% 

5 93% 

593% 

5 93% 

5 93~ 

5 93~ 

593% 

593% 

5 93X 

5 93% 

5 93% 
5 93r~ 

5 93'A 

5 93% 

5 93% 

5 93% 
5 93% 

5 93~A 

5 93% 
593% 

5 93~A 

5 93~ 

5 93% 

593X 
5 93t/, 

5 93% 

593% 

5 93% 

593% 

593% 

593% 

593% 

5 93~A 

5 93% 

593% 

5 93'A 

0 

59 
14o 

201 

251 

283 

312 

338 

369 
4o6 

442 

470 

497 

525 

55/ 

572 

594 

619 

641 

663 

682 

702 

72l 

739 
7J7 

774 

790 

8O7 

823 

838 

854 

87o 

886 

903 

920 

938 

956 

976 

996 
I.Ol7 

1,040 
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G R A N D  T O T A L  A S S E T  F L O W S  B E F O R E  R E I N V E S T M E N T  

U N D E R  T H E  L E V E L  I N T E R E S T  R A T E  S C E N A R I O  

($MiUions) 

Table 12A 

Durations 

from 
Valualion 

Book  Af ter -  Tax Post- Tax Pre- Tax 

Values Cash Flow Impl ied  YieM Impl ied  YieM 

0 I0,868 

I 9,601 1,727 4 6 0 %  Z I 3 %  

2 8,568 1,436 4 3 3 %  7.03% 

J 7,564 1,364 4 3 7 %  709% 

d 6,658 1,220 4 5 2 %  ZOI% 

.~ 5.422 1,497 4 4 2 %  686% 

6 4.605 1,028 4 2 9 %  6 6 4 %  

7 3, 702 1,069 4 07% 6 31% 

8 3,195 602 400% 6 2 1 %  

9 2,710 600 3.99~ 6 1 8 %  

I0  2.277 526 3 81~ 5 9 1 %  

I1  2,108 250 3 72% 5 27% 

12 1.904 275 362% 5.62% 

13 1,777 194 370% 5 7 4 %  

14 1,655 185 3 73% 5 78% 

35 1,488 219 3 39% 5.26% 

16 1.381 160 3 7g % 5.81% 

17 1.298 133 383% 5.94% 

18 I, 197 149 3 89% 6 0 3  % 

19 1.121 121 3 9 6 %  6.14% 

20 1,019 143 391% 6 06% 

21 843 214 415% 6 4 4 %  

22 789 86 410% 6.36% 

23 736 85 422% 6 5 5 %  

24 683 83 4 34% 6 73% 

25 630 81 445% 6 90% 

26 578 79 4 56% Z07% 

27 527 76 4 6 6 %  Z23% 

28 476 74 4 76% Z 17% 

29 427 71 4 84% 730% 

30 378 68 4 91% Z61% 

31 331 64 496% 769% 

32 286 60 4 99% Z 74% 

33 242 56 5 ol  % z 77% 

34 202 52 5 0 1 %  Z 76 % 

35 164 47 4 98% Z 72% 

36 130 41 4 93 % Z 659g 

• .17 160 35 4 8 6 %  Z53% 

38 75 30 4 7 6 %  Z 3~1% 

39 54 24 4 63% Z 18% 

dO 37 19 4 47% 6 93% 
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Table 12B 
R E I N V E S T M E N T  C A L C U L A T I O N S  

U N D E R  T H E  L E V E L  

I N T E R E S T  R A T E  S C E N A R I O  

($Millions) 

Notes 04 Calculattorts 
• tm'estment ~Wenses are 0.2% o/the rum of remv¢~tevl Oook values al~factotcgl down assets 
• Fullyearl:~st.to~tnleresttqual:tenterestfromlheprevtouaperlodplus65% (I.taxraJe) oflhedtfferen¢ebetw,een 

interest on current r¢investtd flows oJ tilt currem new raoney tale and the soltt¢ qu, anllty seven years peior 

• Surplus ts taxed at the rate of 35 % on 70% o/Jurpl~ interest calculated at new money rates. 
?he PCFTM use~ 70% o/the new moat') rate serves as a proxy for the dlfferenZial earnings rate. 

• 7bta1tar~iabih~y~DACta~q"als~a~nasJ~t~agh~w~plusfu~lyear~st taxtater~ta11~a-~surpl~andl~$~ta~r~d~J 

• 11~ DAC tax equals the tax rate ttmes 7 7% of the DAC bale (factored up by the ralto ofimlial actual reserves to initial oases share 
reser~'es) less any applicable unamortized a r n o . s  The DAC ba~e equals lapse adjusled premi~ru less premiums still subject to 
amortization for the prior ten-year pe ¢7~d 

Tax Credits On: 
Durations Reinvested Investment Full Year Book VaJue Portfolio Rate liability Flows, 

from Cash Flow Expenses Post-Tax of On Reserve Increases, 
Valuation Amounts  Assumed at .2% Interest Reinvestments Reinvestments & Investment 

Expenses 

0 

1 876.3 1 5 0  3 3 8  893.2 3 .85% 135.5 

2 719.5 1 5 0  61 ,5  1626.6 3 .85% 122.2 

3 639.3 1 5 1  86 .2  2278.2 3 .85% 133.3 

4 530 .0  15.0 106.6 2818.4 3 .85% 136.4 

5 708.2 14,8 133.9  3540.2 3 .85% 141.6 

6 3 9 Z  2 1 4  6 149. 2 3945.1 3 .85% 13Z 4 

7 429 .8  14.2 165.8 4383.1 3 .85% 132 .7  

8 1024.3 13.9 171.5 4534.0  3 .85% 127.0  

9 8 4 6 2  13.5 176.3 4663.1 3 .85% 120.4 

10  721 8 13.1 179.5 4 7 4 Z 2  3 .85% 1 1 6 0  

11 420.5 12.6 175.3 4635.7  3 .85% 111.8  

12 615.2  12.2 171 .7  4540.9 3 .85% 106.2 

13 249 .7  11 .7  166.0  4390.6 3 .85% 101.4  

14 2 7 Z 8  11.2 160.2 4235.6 3 .85% 96.5 

15 8 9 Z 3  10.8 155.3 4106.2 3 .85% 92.7  

16 684 .8  10.3 149.1 3941.7  3 .85% 88.2 

17  552.4  9 .8  142.5 3769.0 3 .85% 81 .8  

18 2 6 6 6  9.3 136.6  3612,1 3 .85% 78.8 

19 450 .7  8.9 130.3 3444.4 3 .85% 74.5 

20 109.1 8 4  124.8 3301.1 3 .85% 70.3 

21 194.0  8. 0 121.6 3215.7  3 .85 % 66.2 

22 733.4 Z 6  115.3 3048.7 3 .85% 62 .0  

23 523.8  7.2 109.1 2884.6 3 .85% 5 & 6  

24  396.3  6 .8  103.1 2725.4 3 .85% 54 .4  

25  114.9 6 .4  9 Z 2  2570.8 3.85% 50 .7  

26  303, 9 6 .0  91.6 2421.2 3 .85% 47.0  

27  -32 .7  5.6 86.1 2276.6 3 .85% 43.3 

28  5 Z 5  5.3 80 .8  2 1 3 Z 5  3 .85% 39. 7 

29  602.3  4 .9  75.8 2003.8 3 .85% 36.2  

30  398 .7  4.6 71.0 1876.3 3 .85% 32.5  

31 2 7 Z  7 4.3 66 .4  1755.4 3 .85% 28 .9  

32 3 .7  4 .0  6 2  1 1642.1 3 .85% 25.3  

33 201.1 3 7 58.1 153Z 3 3 .85% 21.9  

34  -125.9  3.4 54.5 1442.3 3 .85% 18.6  

35  -24.9 3.2 51 .4  1358.3 3 .85% 1 5 5  

36  531 .8  2.9 4 8 6  1286.4 3 .85% 12.6 

37  340.8  2 .8  4 6 4  1 2 2 Z 4  3 .85% 10.0  

38  232 .9  2.6 44 .7  1181.8 3 .85% Z 7 

39  -28.1 2.5 4 3 5  1149.4 3 .85% 5.8  

40  181.7  2.4 42 .7  1129.6 3 .85% 4. I 
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Table 12B 
R E I N V E S T M E N T  C A L C U L A T I O N S  

UNDER T l t E  L E V E L  

I N T E R E S T  R A T E  S C E N A R I O  

($Millions) 

Duratfont 
from 

Valuation 
Tax On Surplus Surplut 

Total After- Tar 
N¢I Inttrtsl 

Eanatd 

Alset Bare; 
Factored.Up 
Asset Share 

Restr~,eJ 
+ Surplus 

Pre-Tax NAIC 
Implied 

Poaifolio Rate 

Post-Tax NAIC 
Implied 

Pomfollo Rate 

0 0.0 74900 6.72% 
1 O0 59. I 324, I 7510 1 6.80% 4.42% 
2 0.9 139.5 3154 75312 &59% 4.28% 

3 2.0 200.7 312 5 7491 1 6.54% 4.25% 
4 2.9 251.0 303, 4 7407 1 6.40 % 4.16 % 

5 3.6 282.6 290.8 72772 6.22% 404% 

6 4.1 311.8 2771 71188 6~04% 3.92% 

7 4.5 338 3 2625 6934 2 586% 3.81% 
8 4 9 368.7 252 9 6735 6 580% 3, 77% 
9 5,4 405.6 244.7 6530 7 5 78% 3.76% 

I0 5.9 441.8 233.7 6316.8 5.70% 3, 71% 
I1 6.4 469. 9 224. 4 6088 2 5 67% 3.68% 
12 6.8 49753 214 8 58532 564% 366% 
13 7.2 524.6 20Z4 5615 2 567% 368% 
14 Z6 551.3 199.1 5376 0 568% 3.69% 

15 8.0 5716 186.9 51319 557% 3.62% 
16 8.3 594.0 181.9 48935 5.68% 3.69% 

17 8.6 619. 4 174 1 4663.6 5.71% 3.71% 
18 9.0 641.4 1663 4436.9 5. 73% 3.72% 

19 9.3 662.6 158 7 4216 8 5 75% 3 74% 

20 9.6 6823 150 3 4003 5 5 73% 3.73% 
21 9.9 702.4 144. I 3796 7 5, 79% 3.77% 
22 10.2 721.4 136 1 3592 7 5, 77% 3.75% 
23 10.5 739.0 1292 33918 5,80% 3.77% 

24 10.7 756.7 1224 31960 5.83% 3.79% 
25 11,0 773.8 115 7 3005 I 585% 3.80% 

26 11.2 790.4 1090 2819 6 5.87% 3.82% 

27 11.5 806.7 102.5 2639 7 5.89% 3.83% 

28 11.7 822.6 96 1 2465 7 5.90% 3.84% 

29 12.0 838.3 89.8 2298 0 5.91% 3.84% 

30 IZ2  853.9 83.7 21371 5.92% 3.85% 
31 12.4 869.8 77 7 1983 7 5.91% 384% 

32 126 886.0 720 1839 I 5.91% 384% 
33 12.9 9026 666 17044 5.90% 383% 

34 13.1 919.8 61,6 1581 3 5.88% 3.82% 

35 13.4 93Z7 5ZO 14714 5.86% 3.81% 

36 13.6 956.3 53 0 1376,1 5.83% 3, 79% 

37 13.9 975.7 495 12965 5.81% 3.77% 
38 14.2 996.1 46 7 12332 5.78% 3.76% 
39 14.5 IOIZ5 445 1186 3 5 76% 3.75% 
40 14.8 1039.9 42 9 1155 0 5 74% 3.73% 
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Table 12B 
R E I N V E S T M E N T  C A L C U L A T I O N S  

U N D E R  T H E  L E V E L  

I N T E R E S T  R A T E  S C E N A R I O  

($MiUwns) 

Beginning Unamortized 

DAC Tax Amount = = > $ 51 Million 

Du ralW n ~ 
from 

V.bt~h'grt 

Estimattd Tax 

I~clud~g DAC 
DAC Tax DAC Tax ~ e  

0 
1 

2 

3 

4 
5 

6 
7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

2O 
21 
22 

23 
24 

25 

26 
27 

28 

29 
30 
31 

32 
33 

34 

35 

36 
37 

38 
39 

4O 

121.2 

121,1 

102.6 

87.7 

67.6 

56.2 

45,9 
41.6 
40.7 

35.9 

33.3 

32.5 
32,8 

32.7 

28.5 

30.5 

32,5 
31.0 

30.9 

30.1 

30.5 
29.7 

29,3 
29.6 

29.6 

29.6 

29.5 

29.5 

29,4 

29.5 
29, 7 

30.0 

30.3 

30. 7 

31.2 

31.7 

32.4 

33.2 

34.0 

34.9 

23.1 

IZO 

11.5 

6.6 
2.2 

-1.9 

-5.8 

-9.3 
-12.4 
-15.3 

-9.5 

-8.6 

-Z9 

-Z2 

-6.6 
-6.0 

-5.4 

-4.9 
-4.4 

-4.0 

-3.6 

-33 

-3.0 
-2.7 
-2.5 

-2.3 

-2.1 

-1.9 
-1.7 

-1.6 

-15 
-1.3 

-1.2 
-11 

-0.9 

-0.8 

-0.7 
-0.6 

-0.5 

-0.4 

0.0 

627.0 

490.1 

368.6 

259. 6 

161.3 
69.3 

- IZI  

-94. 9 
-165.0 
-228.2 

-211,3 

-192.6 

-175.9 
-160.5 

-146.3 

-132.9 

-120.5 

-109.3 
-99.1 

-89, 8 
-81.2 

-73.5 
-66.5 
-60.4 

-55.1 
-50.3 
-46.0 

..42.2 

-38.7 

-35.5 
.32.4 
-29.5 

-26.5 
-23, 5 

-20. 6 
-17.8 

-15.1 
-12.5 

-10.2 

-8.2 

0.0 
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1993 actual reserves ($7,490 million) to initial mean reserves ($4,497 million). The assets and 

their flows are "factored-down" by the ratio of 1993 actual reserves to the initial book value of  

assets ($10,868 million) which brings assets down to the same level as liabilities at the initial 

duration and surplus to zero as required. Subsequent flows on both sides of the equation are also 

factored to maintain consistency. 

The book value of reinvestments is calculated as: 

{2_ } '  = 6 R e i n v e s t e d C a s h F l ° w A m o u n t s x  + 2 *  ( F u l l Y e a r P o s t  - T a x l n t e r e s t  t ) 

The above reflects the investment policy for this block which prescribes reinvestment of  assets on 

average every seven years. Cash flow amounts as given in Table 12B are defined as follows: 

R e i n v e s t e d  C a s h  F l o w  A m o u n t s  t = Factored-Down Asset  Flows r 

- Factored-Up Liability Flows t 

- Inves tment  Expenses  t 

+ Reinvested Cash Flow Amountst .  z 

+ Ful l  Year Post-Tax Interestt. 1 

+ Tax CredRs on Liablllllest 

- Tax on Surplus r 

- DAC Tact 

As already discussed, dividends paid in any year result from experience gains due to interest, 

mortality, and expenses. The literature has indicated, in particular, that insurers employ a variety 

of methods to determine the interest component of the dividends they pay in any given year. 

Many insurers, including this one, relate dividend interest to the excess of portfolio yields over 

yields assumed in pricing when it is time to distribute surplus to policyholders. The PCFTM does 

not know (and does not need to) the dividend interest rate assumed in pricing to continue 

projecting dividends. It knows the initial dividends and the current pre-tax portfolio yield on 

underlying assets and projects changes in dividend levels by measuring the difference between 
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initial and projected portfolio yields at each duration t. If  projected portfolio yields consistently 

rise above initial yields, then, theoretically, so should dividends. Likewise, if yields consistently 

fall, then dividends should not be far behind notwithstanding a lag. Dividends are modeled in the 

PCFTM using the following relationship: 

Projected Policyholder Dividends t = Max{ O, Factored-Up Dividends l 
+ (Pre-Tax NAIC Implied Portfolio Yieldt.z 
- Pre-Tax NAIC Implied Portfolio Yieldo ) 

* Fac tored-Up  M e a n  Reserves1.1 

- Expensesl. 5 } 

This relationship says the following regarding this insurer's dividend philosophy: 

1. The management o f  this insurer is willing to reduce dividends to zero i f  
conditions warrant such actions. 

2. The time lag in lowering or raising dividends is two years behind current 
portfolio yields and f ive  years behind current expense inflation. 

3. Dividends will be reduced i f  por(folio yields drop below initial levels, and 
increase otherwise as a function o f  mean reserves. 

Notice that mean reserves and not initial reserves (reserve at end o f  prior period plus current 

premium) are used to determine the amount by which dividends are increased or decreased in a 

given year. Initial reserves are prescribed by the contribution principle. This discrepancy in the 

PCFTM is not viewed as a serious violation. 

Now that the flows are modeled, surplus is calculated at each duration as follows: 

Surplus~ = Factored-  D o w n  Asse t  B o o k  Values~ 
+ Re inves t ed  B o o k  Values  t 

- Fac tored-Up  M e a n  Reserves  t 

For reference, the following relationships were used to model the backup data in Table 12B and 

Table 13B at each duration: 
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1. Investment expenses are 0.2% of  the sum o f  reinvested book values and factored 
down assets. 

2. Full year post-tax interest equals interest from the previous period plus 65% (1- 
tax rate) o f  the difference between interest on current reinvested flows at the 
current new money rate and the same quantity seven years prior. 

3. Surplus is taxed at the rate o f  35% on 70% of  surplus interest calculated at new 
money rates. The PCFTM uses 70% of  the new money rate serves as a proxy for 
the differential earnings rate. 

4. Total tax liability before DAC tax equals tax on asset cash flows plus full  year post 
tax interest and tax on surplus and less tax credits. 

5. The DAC tax equals the tax rate times 7. 7% of  the DAC base (factored up by the 
ratio of  initial actual reserves to initial asset share reserves) less 1/10 of  the 
beginning unamortized amount which amortizes over 10 years. 

6. The DAC base equals lapse adjusted premiums less 1/10 of  premiums for the prior 
ten-year period. 

These relationships influence the surplus results under the level and other interest rate scenarios, 

but not dynamically. Other relationships could be substituted for those not defined by statute to 

"best fit" individual insurer characteristics, but even those characteristics will not prove dynamic 

enough to explain the variation in surplus levels ultimately observed in cash flow testing. In the 

PCFTM, the valuation actuary can vary new money rates and lapse rates easily, quickly, and 

dynamically to determine if liabilities and other policy guarantees are in danger of not being 

satisfied. Of course, any interest rate assumptions imposed on the liabilities must be consistent 

with assumptions underlying the assets modeled by the investment professionals. The PCFTM 

takes these pre-modeled assets and their flows as givens and presumes they were modeled 

consistently with the regulatory interest rate scenarios. The remaining results to be presented 

must be reviewed with this understanding. 

C. The Pop-Down Scenario 

The central results for the pop-down scenario are given in Table 13, and the backup data is given 

in Table 13A and Table 13B. The pop-down interest rate scenario requires interest rates to drop 
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Table 13 

C A S H  F L O W  T E S T I N G  R E S U L T S  

U N D E R  T H E  P O P - D O W N  

I N T E R E S T  R A T E  S C E N A R I O  

Assumptions, 
AJSeIS Flows ace Factored.Down by the ratto 
of ResetveJ to Iht Book Val~ o/ AlSeI$ (69%) 
Asset $1mr¢ New Money Rate." 9.3% 
Reinvcstm~at Occurs E~¢ry $¢ven Years 
Prevatlmg lnteeest Rate~ Assum,td to Start at 6. 78% 
Be/oct Default Chartes and Investment ~penses 
NMC Mtmmuan Yield." 3,91% 
De/cud: C~'ges Assumed ca 3% 
In vest#lenl F-zpe,xted Assgmed at 0 2 % 
Asau:aad Tax Rate: 35% 

($Millions) 

Fac tored -Down  B o o k  Values  + B o o k  Value  o f  Re inves tmen t s  

Durcgion~ 
from Un-Faccotcd Factortd.Down Book V ~  of Fat~orcd-Dowm 

V~_,,,,~e_n Book Value: Book V~tuts  R¢in~c~m~m~ Ass~ Flows 

0 10,868 7,490 
1 9, 383 6,467 1,030 L 330 
2 8,259 5,692 2,057 1,050 
3 7,184 4, 951 2. 992 984 
4 6,263 4, 316 3, 770 845 
5 5,193 3,579 4,600 908 
6 4,601 3,171 5,067 549 

7 3,870 2,667 5,596 615 
8 3. 536 2. 437 5,829 328 
9 3,130 2,157 6, 092 364 

10 2. 748 1,894 6, 309 334 
11 2,626 1,810 6,315 146 
12 2, 460 1. 695 6, 328 169 
13 2. 371 1,634 6,268 116 
14 2,278 1.570 6,190 115 
15 2.149 1,481 6,115 139 
16 2,066 ' 1,424 5,991 105 
17 2,003 1,380 5.837 90 
18 1,916 1, J20 5, 689 105 
19 1.850 1,275 5,516 90 
20 1,756 1, 210 5,352 108 
21 1,586 1,093 5, 228 160 
22 1,527 1,053 5,011 78 
23 1,465 1,010 4, 783 81 
24 1,399 964 4.549 83 

25 1,329 916 4,308 85 
26 1,255 865 4, 060 86 

27 1,178 812 3,806 88 
28 1,097 756 3,545 89 

29 1,013 698 3,278 89 
30 926 638 3.096 89 
31 836 576 2. 731 89 
32 745 513 2,457 88 
33 653 450 2,187 85 
34 562 387 1,924 82 
35 473 326 1,674 77 
36 389 268 1,440 72 
37 311 214 1.227 65 
38 241 166 1,040 57 

39 180 124 882 48 

40 129 89 754 39 
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Table 13 

C A S H  F L O W  TESTING R E S U L T S  

UNDER T H E  P O P - D O W N  

I N T E R E S T  RA TE S C E N A R I O  

Assumtmons 
A.IStI$ Flows are FacJorcd-Dowtl by the ratio 
o: R~erccs to the Book Value of Assat (69%) 
Asset Sha:e New Money Rate 9,3% 
Reinvc.almcnt O¢cws Every Seven Years 
Prcmih'n& Interest Rales lll$toltcd to Slarl al 6 7~% 
Before DcfavlJ Charge~ and Inve~tncenl ~.xpensez 
NAIC M w  Yield,. 3.91% 
Default Chartea Assumed at 3% 
Invcatment Expcnse~ Assumed at 02% 
Ax4wncd Tax Rate., 35% 

($MillionO 

Factored-Up & Lapse Adjusted Mean Reserves 

LIABILITIES 
Dto'cttiorJ UM-Faaortd Factored.Up Factored.Up Factored.Up Projected 

f~m l, aps, Added I~kos¢ Added Liabilily Policyholder Policyholder 
V ~ t ~ , n  Mean Rtsteves Mean Reserves b'low~ l~'~dtndJ D~cidcndz 

0 4.497 7.490 I78 296 296 
1 4,474 7,451 112 298 298 
2 4,582 7,631 (160) 310 310 

3 4,667 Z 773 (97) 324 311 
4 4, 733 7. 883 (42) 339 307 
5 4, 782 7, 964 8 354 296 
6 4. 810 8. Ol I 63 348 262 
7 4, 818 8. 025 120 341 220 
8 4,808 8.007 171 333 187 
9 4, 780 7, 96I 217 324 149 

10 4, 737 7, 889 257 314 133 
11 4, 678 7. 792 295 303 112 
12 4, 605 7. 670 328 293 92 
13 4,519 7.526 358 282 79 
14 4,421 Z362 383 272 66 
15 4,311 7.180 405 262 63 
16 4,193 6, 983 422 252 56 
17 4,066 6. 771 434 242 53 
18 3, 932 6, 549 444 232 46 
19 3, 792 6,316 451 222 42 
20 3,647 6,074 457 211 39 
21 3,495 5,820 465 201 36 
22  3, 336 5. 555 472 191 34 
23 3,171 5, 281 477 182 35 
24 3,000 4.997 480 172 29 
25 2.825 4, 705 482 162 27 
26 2, 645 4, 405 483 152 26 
27 2, 460 4, 098 483 142 25 
28 2. 2 72 3, 784 481 132 25 
29 2,080 3.465 479 121 23 
30 1,886 3,140 474 111 23 
31 1,689 2.813 466 101 22 
32 I. 492 2, 484 454 92 20 

33 1,297 2,159 438 82 18 
34 1.106 1,842 417 72 17 

35 924 1,539 390 63 16 
36 753 1,255 357 54 15 
37 598 995 319 46 14 
38 459 765 277 38 12 
39 341 568 233 30 9 
40 243 405 188 23 7 
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T a b l e  13 

C A S H  F L O W  T E S T I N G  R E S U L T S  

U N D E R  T I l E  P O P - D O W N  

I N T E R E S T  R A T E  S C E N A R I O  

A~Jurn~Joru 
Alsetl Flows ace I'~tored.Do~ by the ratto 

o[ ReJen¢J to the 8ook Value of AJJetl ¢69%l 
As~el SAare New Moc~ey Rale 93% 
R¢lnlel~ng Ottues E ~  Sebea Yea¢J 

Pre~ail:ng ItlltttJI Rale$ .4$Ju~d to S:art at 6 78• 

Befilre Default C~rgeJ o ~  ]n~'eJl~t~l Etf~nSes 
NAIC M t m ~  )~¢ld 391% 
De[ault Char t es Assumed at 3 % 
In~estmera EWeetles AJsurned al o 2% 
A~w~d Ta¢ II.ate )$% 

($Midlions) 

Durationol Lapse Adjultmeat 

Factor~ by Duratlont 

I ~htoush 5-  > l.O00# 
through Io= > I. oooo 

II and 8rlond- > 1.0000 

I 
Results Undtr the /*~¢1 ] 

I 
Inttr¢l~ RaJe Scenemio 

Enddn 8 Surplus = 1,040 

20Th Year Surplus = 682 

~ l t n t  Value = 320 

S u r p l u s  

Dural~ns 
/rom 

Vat.atwn 

New Money ICates 
aO-- 

o¢[au~ts 
Surplua 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I0 

I1 

12 

13 

14 

15 

16 

17 

18 

19 

2O 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

4O 

593% 

3 91% 

391% 

391% 

3 91% 

391% 

391% 

391% 

3 9 /% 
3 9 /% 

3 91% 

391% 

391% 

391% 

391% 

391% 

391% 

391% 

391% 

391% 

391% 

391% 

391% 

3 9 1 %  
3 91'~ 

3.91% 

3.91% 

3.91% 

3 91% 

3 91% 

391% 

391% 

3 91% 

3 91% 

391% 

391% 

391% 

3.91% 

3 91% 

3 91% 

3.91% 

0 
46 

118 

171 

2O3 

216 

227 

239 

259 

288 

313 

333 

353 

376 

398 

416 

432 

446 

461 

475 

488 

501 

508 

512 

516 

519 

520 

520 

517 

512 

5O4 

495 

,186 

478 

469 

461 

453 

446 

441 

438 

439 
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G R A N D  T O T A L  A S S E T  F L O W S  B E F O R E  R E I N V E S T M E N T  

U N D E R  T H E  P O P - D O W N  I N T E R E S T  R A T E  S C E N A R I O  

($MillionO 

T a b l e  13A 

Durations 

from 

Valuation 

Book After- Tax PoJt- Tax Pre- Tax 

Values Cash Flow Implied YieM Implied Yield 

0 10,868 

I 9,383 1.930 4.50~ 698% 

2 8, 259 1,524 4.647~ 719% 

3 7,184 1.428 4,68% 7.25% 

4 6.263 1,226 463% 7.18% 

5 5,193 1.318 443% 687% 

6 4.601 797 4 Z8% 664% 

7 3.870 892 388% 601% 

8 3,536 476 3 90% 6 04% 

9 3,130 529 377% 5.85% 

10 2. 748 4P~5 3 ~4~ 549% 

!1 2.626 212 .141% 5 28% 

12 2,460 245 316% 4.91% 

13 2,371 168 3 31% 317% 

14 2.278 167 3 2 2 ~  4 9 9 %  

15 2.149 202 333% $.17% 

16 2.066 152 3.31% 5.14% 

17 2,003 131 3 37% 523% 

38 1,916 153 3 43~ 532% 

19 I.SJo 130 3 49~ 5 41% 

20 1.756 157 3 56% 5 5 1 %  

21 1.586 232 3 78% 5,86% 

22 1.527 114 3 62% 562% 

23 1.465 117 374% 5 80% 

24 1.399 120 3 86% 598% 

25 1,329 123 3 97~ 6 1 6 %  

26 1.255 125 4 09% 6.34% 

27 1.178 127 4 20~ 6 5 1 %  

28 1.097 129 430% 6 6 7 %  

29 1.013 129 439% 6.81% 

30 926 129 4 48% 694% 

31 836 129 455% Z05% 

32 745 127 4 60~ 7 13% 

33 653 124 464% ZI9% 

34 562 119 466% 7,23% 

35 473 112 466% Z23% 
36 389 104 4 64 ~ 7 19% 

37 311 94 4 59% 7 12% 

38 241 82 4 52~ ZOI% 

39 180 70 4 42% 6 86% 

40 129 57 4 29~ 665% 
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Table 13B 

REINVESTMENT CALCULATIONS 

UNDER THE POP-DOWN 

INTEREST RATE SCENARIO 

($Millions) 

~lott$ off I~,odafflO:lU ; 
• bl~estn~nle.tpctucsattO.2%oflhcstanoft¢invc~tcd~ookvalucsandfa~toredd~wn~stts. 
, FtdJycarpost-taxtm,rrstt~qualJitucre~tfromdwpre~iot~Fctwdpl~t6$% (I-taxrole)o~thtdiffercnccbctwcen 

inltresl on carrie1 reinvested flows m Ih~ culrerd new m~wy tale and lht ~ quamily Set~n ytat~ prior. 
• S~Tlu$ t~ t~ed at the rat~ of 3~ % on 70% of sulplttt J~¢reJt ¢Adctalaltd al new n~nt~l tales 

PCbTM us¢~ 70% ¢] the atw rn~u'y ro/¢ st~'es atr a proxy/or the diffeeenlud caroms81 ~¢t1¢. 
• T~dtc~bdu~b~r~DAC~.1¢qu~ax~n~3J¢~caz3l~owspl~y¢a~p~st~axu~r~dt~J~ns~p~u~and~st~c~edu1 

• 1)~ DAC tax CqUal~ Iht tax rate ames 7. 7~ of the DA C ba~¢ (factored up by the raao ol ~ act~aJ rtser~t$ ~o ~ a t  atut~ ~hat¢ 
reler~'el) l t~s any upplrcabk tmamort~d amottnt~ lh¢ DA C bast tquals lapse adjusted p r t m i ~  l tss prenlitmtr st~ll subjct~ to 
amatltt~ian for the prior ¢tn.ytarpcnod 

Tax Crcdlts On: 
Durations Rtinvtsted InvcsOnent Full ¥¢os Book Yah~ Por~ollo Rate LiakL~ Flows, 

from Calh Flow Expenses Posl-l"ax of  On l~:,rv¢ lncrcalts, 
V~?u~n Amounls A~sumed at .2% Intertlt Rtinvtl~ents P~inv,~enfs  & I n w ~ e n t  

~Jrpemlcs 

0 
I 1017`3 15.0 25.9 1030.2 2.54% 135.1 

2 1013.9 15.0 51.6 2057.0 2.54% 120.4 

3 923.6 13.4 75. l 2992.3 2.54% 129.1 

4 768.2 II 7 94.6 3770.3 2.54,0/,, 135.6 

5 819.7 10.2 115.5 4600.4 2.54% 138.5 

6 461.1 8 8 12Z 2 5067.4 2.54% 133.6 

7 5223 73 140.4 5596.4 2.54% 126.2 

8 1246.9 6, 4 146.3 5828. 9 2. 54% 121.5 

9 1273.4 7 4 152.9 6091.7 2.54% 114.5 

I0  I I3Z  7 6.9 158.3 6308,5 254% 113.8 
II 775.1 61  158.5 6315,5 254% 110.5 
12 831,9 5.2 158.8 6327. 7 2.54% 106.4 

13 401 7 5 1  157.3 6267.5 2.54% IlM. 4 

14 445.6 4.1 155, 3 6189. 8 2.54 % 101,3 
15 1173.1 4.0 153.5 6115.0 2.54% 101.6 

16 1150.5 5,3 150.3 5990.6 2.54% 99,7 

17 986,4 5.1 146.5 583Z4 2.54% 98,1 

18 6288  4 7 142.8 5689.2 2.54% 94.8 

19 660.6 3.9 138.4 5515.8 2.54% 92.3 

20 239.6 3.9 134. 3 5351.7 2 54% 90,1 

21 323.4 2.9 131,2 5228.0 2.54% 87,5 

22 958.9 2.8 125.8 5011.1 2.54% 85,3 

23 925.1 4.0 120.0 4782.9 2.54% 84.2 

24 755.5 3,9 1142 4549.0 2.54% 80.2 

25 391.0 3.4 108.1 4308.2 2.54% 77.2 

26 416.0 2.6 1019 4060.5 2.54% 74.1 

27 -12.0 2.6 955 3805,6 2,54% 71.2 

28 65.8 1.6 89.0 3544.8 254% 6Z9 
29 695.7 1 6  82.3 3278.2 2.54% 64.6 

30 656.3 2.8 75.4 3005.0 2.54% 61.3 

31 484.3 2,6 68.5 2731,3 2.54% 56.8 

32 120.5 2.1 61.7 245Z4 2.54% 51.7 

33 149,2 1.3 54.9 2187.1 254% 46,6 

34 -271 7 1.2 48.3 1924.2 2.54% 41.6 

35 -181 7 O. 2 42.0 1673.6 2.54% 36.2 

36 465.1 0.3 36.1 1440.0 2.54% 30.9 

37 446,0 1.5 30,8 1227,0 2,54% 26.2 
38 299.5 13  26.1 1040.0 2.54% 21.1 

39 -35 4 O. 9 22,1 882. I 2.54% 16.0 

40 23 2 0 2 18.9 754.5 2,54% 11.4 

146 



Table 13B 
R E I N V E S T M E N T  CAI.CUI..A T I O N S  

U N D E R  T H E  P O P - D O W N  

I N T E R E S T  R A T E  S C E N A R I O  

($Millions) 

Durations 
Irom 

Vatuation 
Tax On Surplux Surplus 

ToIM After-Tax 
Net IntereJt 

Earned 

Alrel Bale: 
Factored-Up 
A sset Share 

Rese~r¢$ 
+ Su~lus 

Iqe.Tax NAIC 
Implied 

I'ottifo~o Rate 

Poa-Tax NAIC 
Implied 

Portfolio Rate 

0 0.0 74900 6 72% 

I 0,0 46.1 3103 74971 656% 4.23% 
2 O, 4 118.3 304 4 7749 0 6 32 % 4. 07% 

3 I,I  170.8 297.8 7943.6 600% 3,87% 
4 1.6 203.2 2870 8086 4 5.65% 3,65% 

5 1.9 2155 269.5 8179.2 522% 3.37% 
6 21 2275 2571 8238.6 493% 3.18% 

7 2 2 239 0 240. I 8263 6 4 58% 2.95 % 

8 2, 3 258 6 236.7 8265 5 4 51% 2.91% 
9 2.5 2882 229.8 8249.0 438% 2.82% 

10 2.8 313.3 221.6 8202.4 4.23% 2.73% 
11 3,0 333.4 216 5 8125.0 417% 2.69% 

12 3, 2 353.2 209.9 8023 1 4. 08 % 2.63 % 
13 3.4 375.5 209.3 79018 4.13% 2.66% 

14 3 6  3975 204.4 77600 410% 764% 

15 3, 8 415.7 201.8 7596 1 4,13 % 2.66% 

16 4,0 431.8 195.8 74144 4.10% 2,64% 
17 4.1 4461 191.6 72175 4.11% 2.65% 
18 4.3 461, 2 187 1 7009.7 4.13% 2.67% 
19 4.4 4754 1826 67910 4.16% 2.68% 

20 4.6 488 1 177 3 6562.0 4.17% 2.69% 
21 4.7 500.7 1736 6320 7 4.23% 2.73% 

22 4.8 5084 1648 6063 7 4.18% 2.70% 

23 4.9 511.8 158 1 57925 4.19% 2, 70~ 
24 4.9 5160 1519 55130 422% 2,72~ 
25 4.9 519.0 1455 52239 426% 2.75% 

26 5.0 J20.4 1390 49254 4.30% 2.78% 
27 5.0 519,5 131 5 4617,3 433% 279% 
28 5.0 516, 7 124.2 43008 438% 2.82% 

29 4.9 511.7 115.8 3976,3 440% 2.84% 
30 4. 9 503, 9 106 3 3644 2 4.39% 2 83 % 

31 4.8 495 1 97 3 3307 8 4 40% 2 84 

32 4.7 486, 5 88 2 2970 8 4.42 % 2 85 % 

33 4, 7 4778 79.3 2637 1 4.45% 2.87% 
34 4,6 468.8 699 23113 4.44% 2,86% 
35 45  460.5 612 19996 447% 288% 
36 4.4 453 I 52 4 1708 0 4 44% 286% 

37 4.3 446.0 433 1441 3 433% 2.79% 

38 4,3 440,8 360 1206.0 4,27% 2.76% 

39 4.2 438.5 29,8 1006.3 4.23% 2, 73% 

40 4 2 439.0 249 843 7 423% 2.73% 
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T a b l e  13B 

R E I N V E S T M E N T  C A L C U L A T I O N S  

U N D E R  T H E  P O P - D O W N  

I N T E R E S T  R A T E  S C E N A R I O  

($Millions) 

Beginning Unamortized 

D A C Tax Amount  - - > $ 51 Million 

Du nllio n z 
f ,  vm 

Valuatioa 

E~6mattd Tax 

Ercludm 8 DAC 
DAC Tax DA C Tax Ba~e 

0 

1 

2 

3 
4 

8 
6 
7 

8 
9 

10 
11 

12 
13 

14 

18 
16 
17 

18 

19 
20 
21 
22 
23 

24 
25 

26 
27 
28 
29 
30 
3l  
32 
33 
34 

35 

36 

37 
38 
39 
40 

111,8 

116,1 
96.1 

75.6 

5 3  7 
44,4 

34.8 
34.1 

35.0 
2 7 8  
26.3 

24.9 
2 6 7  

26  I 

24.4 
2 3  I 
22,3 

22.9 

22,6 
21.8 

22.0 
18.5 
16.4 

16.9 

16,2 
15.3 
13.8 

12,5 
10.9 

8 9  
7 8  
7 2  
6 5  
5 7  
5.3 

5.1 

4.6 
5.1 
6 2  
7 3  

2 3 1  

I Z 9  

13,1 
8 7  

4 7  
0.7 

-3.1 
-6 7 

-10.1 
-13.2 

- 7 8  

- 7 4  

- 7 0  
-6 7 

- 6 3  
- 6 0  
-5.6 
-5.3 
-5.0 
-4 7 
4.5 

- 4 2  
.3.9 

-3, 7 
-3.5 
-3.4 
-3.2 

-31 
.2.9 
.2,8 
-2.7 
-2,5 
-2.4 
. 2 2  

- 2 0  

-I .8  

- 1 6  
- 1 3  
-11  
-0.9 

6 2 7 0  

5 1 0 6  
404.6 

3 0 7 0  . 

216.4 
128.3 

42.1 
-38.1 

-112.9 
-182.6 
-173.9 
-16.4.5 

-156. I 
-148.2 

-140.6 
-132, 9 

-125,3 
-1183  

-111.7 
-105.3 

-99.2 
-93.2 
-878  

-82.9 

-78.6 
-74.7 

-71.2 
-68.1 
-65.1 
-62.3 

-59.4 
-56.2 
-526  
-4,85 
-4.4.1 

-39. 5 
-34.7 
-29 9 
.25.3 
.20, 9 
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by 300 basis points in the first year and remain at that reduced level thereafter, as long as reduced 

rates do not fall below defined NAIC minimums. The minimum rates are defined using treasury 

yields plus a weighted average spread on public and private bonds of designated quality ratings. 

For the pop-down and the other down type scenarios, the NAIC minimum yield utilized by the 

PCFTM is 3.91%. 

Surplus results under the pop-down scenario were also as expected: positive over the projection 

period. But ending surplus under the pop-down scenario differed from ending surplus under the 

level scenario by a whopping 58%. Twentieth year surplus differed by 28% from its counterpart 

in the level scenario. Interest rates declined in the first year only and then remained level at the 

NAIC minimum yield. The assets and their flows increase sharply in value due to this decline, 

while the liability flows become negative only for a short time. After this initial one-time shock, 

the flows exhibit patterns similar to those under the level interest rate scenario, although at a 

reduced level. This scenario appears to measure the responsiveness of surplus to an initial shock 

only by allowing interest rates to remain level thereafter. Historical interest rates, whether new 

money, portfolio, or bond yields, have never exhibited such patterns for prolonged periods of 

time, and it seems unreasonable to expect interest rates projected under the regulatory interest rate 

scenarios to exhibit such patterns. 

The pop-down interest rate scenario did not have a dramatic effect on surplus over the level, but 

the effect on portfolio yields was notable. The ending pre-tax portfolio yield under the pop-down 

scenario was 4.23% and 4.17% at the 20th duration. {Under the level interest rate scenario, the 

corresponding yields are 5. 74% and 5. 73%.} With policy guarantees in the 2.5% to 5.0% range 

on participating policies, such declines in yield can significantly reduce profit margins and may 

force an insurer to depend on other lines of business or surplus for relief. Under scenarios where 
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interest rates decline more than under the prescribed pop-down, the portfolio yields become 

deeply depressed relative to policy guarantees and surplus becomes negative. 

VI. Validating thc Integrity of the Model 

A. Comparisons to Actual Experience 

Like any mathematical model, the PCFTM is only of actuarial value if the results it produces are 

consistent with assumptions and representative of the block of business under study in the 

judgment of the valuation actuary. We have already seen how this block behaves under variations 

in interest rates and lapse experience. Surrenders are expected to decrease in the presence of 

declining interest rates, while reserves, dividends, and other liability flows are expected to 

increase along with premium income. The converse is expected for a short time in the presence 

of increasing interest rates and a mix is expected when interest rates are made to vary by duration 

(see appended graphs). These are only a few ways to check the internal consistency of the model. 

Since the block is closed, only the run-off experience is being projected. The rate at which 

reserves decline at each duration should appear reasonable, gradually grading downward by 

duration under some scenarios and more rapidly under others. The valuation actuary should rely 

on the understanding of product development actuaries to make sure the run-off is consistent with 

prior experience and the characteristics of the block. In the PCFTM, declines in reserves under 

tile level interest rate scenario approached double digits towards the last quarter of the projection 

period. Prior to the last quarter, reserves experienced more gradual declines by duration. The 

same patterns of consistency should hold for scenario liability flows. Analyzing the asset flows is 

a bit more complex. 

Valuation actuaries will need to know tile type, quality, and quantity of assets backing reserve 

liabilities, understand how the options should respond to changes in assumptions, how often 
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assets are acquired and mature, and the manner in which reinvestments are handled to determine 

if asset flows are responding as expected. The appended graphs depict the behavior of assets 

under the regulatory interest rate scenarios. These assets include those modeled by the investment 

and real estate departments and the book value of reinvestments modeled in the PCFTM. Both 

should be inspected. If irregularities are observed, it is the responsibility of valuation actuaries to 

investigate possible causes with the aid of investment professionals. 

B. Implied Portfolio Rates 

The literature and regulations on cash flow testing discuss only the effect of varying assumptions 

on surplus. The effect on portfolio yields is not discussed. By projecting portfolio yields in cash 

flow testing models, valuation actuaries can determine the degree to which minimum guarantees 

on contractual obligations will be satisfied. Projected portfolio yields under the level and pop- 

down interest rate scenarios and other results are given in Table 12B and Table 13B, respectively. 

The yields on a pre-tax basis under the level scenario exceeded 5.0% by more than 50 basis points 

at all durations. Results under the pop-down scenario were not as favorable. Portfolio yields 

under the pop-down scenario dropped by more the 100 basis points from initial levels to 4.23% by 

the end of the projection period but ending surplus finished "in the black" at more than $400 

million. This result is significant, since it gives us a benchmark against which to compare 

minimum guarantees and other obligations. Removing the NA1C minimum allows for 

investigating how far interest rates need to fall to produce negative surplus or severely depressed 

portfolio yields on this block of business. For the block under study, falling interest rates are a 

more significant risk factor than rising interest rates because of participating policy guarantees. 

In the next section, results from the PCFTM under more extreme non-regulatory interest rate 

scenarios will be presented to help illuminate those conditions that produce disastrous results for 

the block of participating whole life insurance under study. 
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VII. Interpreting the Results 

Maybe dePalo and Rieskytl were right when they said a "true participating product" is one that is 

"self-supporling under all but the most adverse conditions." But maybe not. Their definition 

leaves valuation actuaries to their own devices to judge whether or not current conditions embody 

the kind of adversity they speak of to decide if a block of participating insurance is self- 

supporting. The regulatory interest rate scenarios may not be sufficiently diverse to enable 

valuation actuaries to measure the degree to which a block of participating business is self- 

supporting by the above definition. By conducting cash flow testing, more extreme scenarios can 

be imposed on cash flows to help valuation actuaries judge and evaluate the conditions necessary 

to disable an insurer's ability to mature a block of participating business. The block of 

participating whole life under study faired very well under all the regulatory "up" scenarios but 

less so under the regulatory "down" and more adverse non-regulatory scenarios. The use of the 

phrase "up scenario(s)" should be taken to mean the initial movement of interest rates is upward 

arid subsequent downward movements may or may not follow. The use of  the phrase "down 

scenario(s)" is similarly defined. 

A. Ending Surplus Under the Regulatory Interest Rate Scenarios 

Table 14 summarizes some key results under all the regulatory interest rate scenarios. In 

evaluating these results, valuation actuaries can establish criteria by which to judge their 

significance. The direction and magnitude of ending and intermediate surplus levels is certainly 

one set of criteria, and the strength of portfolio yields relative to minimum guarantees is another. 

1he mininlum guarantees for this block fall in tile 2.5% to 5.0% range for dividends left on 

deposit, settlement options, cash and surrender values, and reserves. Earnings below this range 

would compromise this insurer's ability to mature this block of business. None of the regulatory 

"up" scenarios suggest this insurer is in danger of not being able to keep its promises to 

policyholders, and, recall, under "up" scenarios interest rates are increasing and policyholders are 

expected to lapse or secure policy loans. Surplus increases under all regulatory down scenarios 

and remains positive throughout the projection period while portfolio yields slip under the upper 
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Table 14 
PCFI'M Results Under 

Regulatory Interest Rate Scenarios 
($Mill ions) 

Interest Rate Scenario: 

Level: 

[no change} 

Asset Cash Flows: 

Down: 
{-JO bpfor I0, level} 
Asset Cash Flows: 

Down.Up: 
(-I00 bpfor 5, +100 bp for 5, level} 

Asset Cash Rows:  

Pop-Down: 
{-300 bpfor 1, level} 

Asset Cash Flows: 

Up; 
{+JO bpfor I0, level} 

Asset Cash Flows: 

Up-Down: 
{+100 bp for 5,-100 bp for 5, level} 

Asset Cash Flows: 

Pop-Up: 
(+300 bp for L level} 

Asset Cash Flows: 

Negative 20th Year Ending 

Cash Flow 20th Year Portfolio Ending Portfolio 

Duration Surnlus Rate Su~. lus 

27 

34 

34 

34 

11 

11 

18 

682 5. 73% I, 040 5. 74% 

481 4.17% 429 4.23% 

642 5.93% 677 609% 

488 4.17% 439 4.23% 

738 8.98% 1,604 I0. 70% 

651 5.69% 1,055 5. 72% 

714 L78% 1,391 8.71% 

(New Money Rates assumed to start at 5.93%for all scenarios. Lapse/actors are half normal under down scenarlas, 
twice normal under up scenariox, and normal (I. O) under level scenarios. PorOrolio yields are on a pre-tax basis) 

(NAIC Minimum Yield of 3.91% was applied in all Down Scenarios.) 

(" ± X bp for Y" means the rates will change by the amount and direction indicated each year for Y years. For example, 
(÷300 bp for 1, level} means rates increase by 300 basis points per year for 1 year and remain level thereafter) 

bound of  minimum guarantees in two of the down scenarios. Liability flows move as expected 

but asset cash flows take on negative values and much earlier under "up" scenarios than under 

"down" scenarios. There are several reasons why this happens. 
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Under up scenarios, policyholders are withdrawing at a greater rate leaving fewer premium 

dollars to offset the liability outflows -- policyholder dividends, death and surrender benefits, 

and expenses. Recall, the portfolio yield implicit in dividends is lagged two years while expense 

inflation though lagged five years reflects half the new money rate. Over time, any dividend 

gain due to improvement in portfolio yield is more than offset by the inflation component of 

expenses. This means dividends are decreasing more rapidly under up scenarios than they would 

under down scenarios. Surrender benefit are higher because lapses are assumed to occur at twice 

the rate assumed in the level scenario. Reserves are also affected by this assumption and decline 

more rapidly as reflected in the survivorship factors. They move from 1.0 to 0.0 under up 

scenarios implying the number of persisting lives decreases throughout the projection period and 

presumably its the young, "good" risks that are surrendering their policies. This is an old block 

of  business, the average policy size is small, and many policies are likely to be beyond their 

premium paying periods. The little premium income that remains is insufficient in combination 

with investment income to generate non-negative net cash flow in advancing periods. These 

negative cash flow amounts are then invested at high interest rates and then reinvested seven 

year later at even higher interest rates in some scenarios. This directly reduces surplus. 

The asset cash flows become negative under regulatory up scenarios but not enough in 

magnitude or frequency to have a deleterious effect on surplus. To determine when this block of 

business becomes vulnerable to high interest rates, more extreme interest rate scenarios are 

imposed. The next section examines how this block of  business performs under more extreme 

up and down scenarios. These extreme variations help establish the conditions under which this 

block fails to be "self-supporting" according to dePalo's and Reiskytl's criteria. Some of these 

variations will include changes in assumption regarding the durational lapse adjustment factors. 

The PCFTM produces results that are consistent with each interest rate scenarios and lapse 

assumptions imposed as we shall see. 
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B. Ending Surplus Under Some Non-Regulatory Interest Rate Scenarios 

It is not clear if the regulatory scenarios embody the kind of adversity dePalo and Rieskytl think 

necessary to determine whether or not this block of participating whole life insurance is "self- 

supporting." Portfolio yields pierce the range of minimum guarantees, but surplus never 

becomes negative. However, as the following results will show, small variations in the 

regulatory scenarios can result in adverse results. Small changes to the regulatory down 

scenarios produce more adverse results than small changes to the regulatory up scenarios, 

suggesting declining interest rate climates pose a more immediate risk for participating whole 

life insurance than rising interest rate climates. In declining climates, policyholders are more 

likely to keep their policies inforce rather than surrender. Those with the means of continuing 

their premium payments will do so to the disadvantage of the insurer, exposing the insurer to 

reinvestment risk. The net effect will likely lengthen contract liabilities in an environment where 

portfolio yields are decreasing. 

For this exercise it was important to determine the degree to which interest rates must move to 

have both a marginally and totally adverse effect on this block of business. Even though surplus 

becomes negative under some of the non-regulatory scenarios, it may not necessarily mean this 

insurer cannot thwart off insolvency should some of those scenarios become realized. 

Secondarily, it was important to measure the sensitivity of the results to the lapse assumptions 

imposed under the various scenarios. Testing for these two conditions will also help measure the 

ability of the PCFTM to produce results that are in line with intuition, if the PCFTM is to 

eliminate the need for modeling liability cash flows using expensive mainframe valuation 

systems. 

The Effect of More Extreme Interest Rate Scenarios 

Under more severe down scenarios with no minimums, the yields fall dangerously within the 

range of minimum policy guarantees and ending surplus becomes negative (see Table 14A). One 

huge initial shock of-330.8 basis points in year 1 was sufficient to produce a noticeable amount 

of negative surplus (-$ I mil.) at the end of the projection period. Two initial down shocks, -300 
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basis points in year 1 and -50 basis points in year 2, depress yields below 3.0% halfway through 

the projection period and cause ending surplus to plummet well below its initial level. However, 

surplus remains positive until duration 31 and asset cash flows are positive until duration 27. 

The Pop-Down No Minimum scenario removes the NAIC floor of 3.91% and allows yields in 

this case to fall to 2.93%. Removing this constraint does not have nearly the effect on ending 

surplus as the 1 Huge Shock No Minimum or 2 Down Shocks No Minimum scenarios. The asset 

cash flows under all three turn negative at the same time (duration 27) but they are significantly 

more negative under the 2 Down Shocks No Minimum scenario. This results in reinvestment of 

huge negative cash flows which directly reduces surplus. 

Under the Extreme Down-Down-Down, interest rates don't drop as quickly as they did under the 

regulatory Pop-Down; rather, they grade more gradually but over more periods. The regulatory 

scenarios confine interest rate variations to at most the first ten years in the projection period and 

only move interest rates in at most two directions before allowing them to level off. Allowing 

interest rates to vary an additional 5 years under the Extreme Down-Down-Down scenario was 

sufficient to produce disastrous results for this block. Rates drop 75 basis points per year for the 

first 5 years, 25 basis points per year for the second five year period, and 12.5 basis points for a 

third five year period before being allowed to level off. This pattern prevents new money rates 

from falling below zero. The result was -$415 million of surplus at duration 20 and a !.16% 

portfolio yield which falls well below the range of minimum guarantees this insurer promises to 

policyholders. At the end of the projection, the numbers are -$1,590 and -0. I g% respectively. 

Under the Down-Down-Down and Down-Up-Down, the surplus results are positive at the 20th 

duration, but portfolio yields are still below minimum policy guarantees. The magnitude of the 

interest rate drops in the Down-Down-Down scenario account for the slightly better performance 

of the block than under the Down-Up-Down. During the up portion of the Down-Up-Down 

scenario, the block of business has an opportunity to recover but when hit with another down 

cycle surplus plunges to -$884 million. This is a big difference between the non-regulatory 
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Table 14A 
PCFTM Results Under Some 

Non-Regulatory Interest Rate Scenarios 
($Millions) 

Interest Rate Scenarh~; 

Pop-Down No Minimum: 
{-300 for 1. level} 

1 lluge Shock No Minimum: 
{-330.S for L level} 

2 Down Shocks No Minimum: 
/-300for I. -50for I, level} 

Up-Up-Up: 
{lOO for 5, IOO for 5, IOO for 5} 

Extreme Up-Up: 
(200for 3, I00 for 3. level} 
(300for 5,200 for 5, level} 

{400for 1,300 for 4, 200for 5, level} 

{400for 5, I00 for 5, 50for 5, level} 

Up-Down-Up: 
{400for 5, -50for 5, +50for 5, level} 

Down-Up-Down: 
{-IOO for 5, +50 for 5,-50for 5, level} 

Down-Down-Down: 
{-50for 5, -25for 5. -12.S for 5. level} 

Extreme Down-Down-Down: 
{-75for 5, -25 for 5. -12,S for 5, level} 

Moderate Down - Moderate Up: 
{-IOO for  S, +4Of orS, level} 
{-1 IS for  5, +60for 5, level} 

Durational 
Lapse Adj. 20th Year 20th Year Ending 

Factor Sar_vlus Port_folio% Sarplus 

Ending 

gattfolio2A 

0.5 399 333% 230 345% 

17. 5 306 3 06% - I 3. 45% 

0,5 234 2 90% -161 3 70% 

2,0 662 IZ28% 2,284 20.66% 

2.0 485 I0 57% 1,591 2063% 

2,0 140 8,14% 351 30. I1% 
2.0 55 6 54% -226 32. 75% 

ZO -130 196% -6,629 33.23% 

2. 0 184 8 33% 575 25.42% 

0.5 93 I. 68% -884 -0.35% 

0.5 58 2 17% -695 -066% 

0.5 -415 I 16% -I,590 -0 18% 

0.5 325 3 33% 138 3. 47% 
0.5 301 3.42% 145 3. 58% 

(New Money Rates assumed to start at 5 93%for all scenarios Portfolio yields are on a pre-tax basis) 

("' ± X bpfor Y" means the rates will change by the amount attd direction indicated each year for Y years For example, 
{+300 for I, level} means rates increase by 300 basis points per year for I year and remain level thereafter) 
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scenarios presented here and the regulatory scenarios. The regulatory scenarios have fewer 

periods of variation: years I through 5 and years 6 through 10. At~er year 10, rates are allowed 

to remain level during which time the block of business has time to recover and will if interest 

rates are sufficient. Observe what happens under the Moderate Down-Moderate Up scenarios. 

They are similar to the regulatory Down-Up scenario for the first five years, dropping rates by 

100/118 basis points per year. In the second five year period rates move up 40/60 basis points 

per year and then remain level. Surplus remains positive although portfolio yields fall within the 

range of minimum guarantees. Portfolio yields under the regulatory Down-Up were well above 

the range of minimum guarantees, primarily because in the second five year period rates moved 

upward a significant 100 basis points. 

The non-regulatory up scenarios illustrate quite vividly how deleterious extremely high interest 

rates can be for this block of business. The asset cash flows become negative almost 

immediately in all the Extreme Up-Up-Up scenarios, as early as duration 2. Under the 

regulatory up scenarios the earliest the asset cash flows turn negative is duration 11. It is 

significant to state that the asset cash flows can retum to a positive level later on in the projection 

and do in all the up scenarios tested. But in the non-regulatory up scenarios they are more often 

negative and more sizably so than in the regulatory up scenarios. This means there are more 

instances in the non-regulatory up scenarios where negative asset cash flows are reinvested than 

in the regulatory up scenarios. The reasons up scenarios cause asset cash flows to turn negative 

have already been discussed. Reduced premium flow, high lapses, and escalating inflation 

become more severe under several of the Extreme Up-Up-Up scenarios. The first two Extreme 

Up-Up-Up scenarios cause asset cash flows to become negative but their magnitude and 

frequency do not prevent surplus from increasing with duration. Interest rates are not extreme 

enough nor subject to enough variation to impact surplus adversely. Even when the durational 

lapse assumption is increased, surplus is only marginally affected under these two interest rate 

scenarios. Under others, the change is significant. 
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The Effect of the Durational Lapse Adjustment Factors 

"Fable 14B gives the results for the same interest rate scenarios as Table 14A but assumes different 

assumptions for durational lapse adjustment factors. The results given in Table 14B assume 

durational lapse adjustment factors of 0.25 for down scenarios and 2.5 for all the up scenarios except 

for 1, the Up-Up-Up scenario which assumes a factor of 3.0. Recall, tile durational lapse adjustment 

factors affect the rate at which policyholders lapse. This assumption directly affects the surrender 

benefits in the liability flows, and the survivorship factors. A factor of 1.0 implies surrenders will 

occur at the rate implicit in the asset shares and snrvivorship will be 1.0 at all durations. A factor of 

2.5 implies surrender benefits are 2.5 times that implicit in the asset shares and survivorship is 

decreasing by a factor of 1.5. Recall the following for,hulas: 

GabJ & Surv i vor sh lp  A d j u s t e d  Liabi l i ty  Flowst  

= Gain Adjus ted  Liability Flows 
t 

f o r t < 9  

= (Gain Adjus ted Liability Flows - Surrender Benefits ) * SurvivorshiPl 
¢ t 

+ 

(Surrender Benefits * Survivorship * Durational Lapse Adjustment Factor ) 
t l I t 

f o r t > 2  

Surv ivorsh ip l  

= Surv ivorshiPt_ l  * {1 + Surrender Benefits to Reserves Ratio * (1 - Lapse Factor t )} 
l 

The survivorship factor alters premiums, dividends, reserves, and liability flows to reflect 

persisting lives as well as withdrawals. For example, a factor of 0.25 means 75% of the asset 

share surrender, rates contribute to survivorship, whereas a factor of 0.5 implies only 50% make a 

contribution. Respectively, 25% and 50% of the baseline surrender benefits augment liability 

flows. The effect of the durational lapse adjustment factors was measured by using a factor of 

0.25 in down scenarios and 2.5 and 3.0 in the up scenarios. By comparing the results in tables 
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Table 14B 
PCFTM Results Under Some 

Non-Regulatory Interest Rate Scenarios 
with 

Different Durational Lapse Adjustment Factors 
( $Mi l l i ons )  

Interest Rate Scenario: 

Pop-Down No Minimum: 
1-300 for I, leveO 

I l luge Shock No Minimum: 
(-330 8for l, level} 

2 Down Shocks No hfinimum: 
{-300for I. -50for I, level} 

Vp.Vp-Vp: 
{lOO for 5, IOO fi~r 5, lOO for 5, level} 

Extreme Up-Up: 
NOO for 5, I00 for 5. level} 
{300for 5,200 for 5, level} 

{400for 1,300 for 4. 200 fiJr 5, level} 
{400foe 5,100 for 5, 50for 5, level} 

Up-Down-Up: 
NOOfor 3, -50[o,  5, *50for 3, level} 

Down-Up-Down: 
{- IOO for 5, ~ 50 for 5,-50for 5, level} 

Down-Down-Down: 
{-50for 5, -25for 5, -125for  5, level} 

l:~xlreme Down-Down-Down: 
{-75for 5, -25 for 5, -12.5for 5, level} 

Moderate Down - Moderate Up: 
{ IOOfiJr 3, +40for 5, level} 

{-118for 5. +60for 3, level} 

Durational 
Lapse Adj. 20th Year 20th Year Ending 

Factor Surplus i~r(folio% Surplus 
Ending 

Port_folio% 

0.25 348 327% -147 3.84% 

0.25 236 301% -440 4,22% 

0.25 148 285% -647 5.43% 

3.0 549 14,59% 2,330 20. 71% 

2.5 448 11, 72% I. 714 2069% 
2.5 76 6.36% 338 30.54% 
Z5  -43 O. 99% -1,112 31.75% 
2.5 451 -7887% -203.806 3320% 

Z5  -I0 3.22% -135 26.04% 

0.25 -42 163% -I,934 -0.10% 

0.25 -93 2 12% -I.412 -0.11% 

0.25 -672 1.10% -3,176 -0.13% 

(I. 25 268 3 28% -246 3. 93% 
O. 25 246 3.36% -227 4. 00% 

(New Money Rates ax~umed to start at 5 93% for all scenarios Portfolio yields are on a pre-tax basis.) 

(" ± X bp for Y'" means tire rates will change by the amount and direction indicated each )~ar for Y pears. I'or example, 
{ ~ 300for 1, le vel} means rates increase by 300 basis points per),earfor I )'ear arid remain level thereafter) 
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14A and 14B, tile effect of a 0.25 factor in the down scenarios almost always impacts surplus levels 

significantly, especially ending surplus. The point at wbich asset cash flows turn negative is 

unchanged in all but three of the down scenarios (the Pop-Down No Minimum, I Huge Shock No 

Minimum, and 2 Down Shocks No Mininmm, see Table 14C) where negative asset cash flows are 

observed 5 to 7 durations earlier. In these three scenarios, the change in durational lapse adjustment 

factor has a huge effect on survivorship. By the end of the projection period, survivorship factors are 

more than 3 times initial levels. 

Surplus levels in tile Up-Up-Up scenario are only moderately influenced by a change in durational 

lapse factor. The survivorship factors decrease more rapidly under a 3.0 factor than under a 2.0 

factor, hut interest rates do not increase enougb to generate sizably negative cash flows. Tile first two 

Extreme Up-Up scenarios under a 2.5 factor have a similar effect on surplus. When interest rates are 

pushed very high, the results are even more disastrous than observed under a 2.0 factor. The change 

to a 2.5 factor just pushes results more in the same direction whicb is in line with intuition. The 

duration at which asset cash flows turn negative occurs I duration earlier uuder a 2.5 lapse adjustment 

factor while surplus turns negative at most 11 durations earlier. The cbange in durational lapse 

adjustment factors has a significant effect on surplus by causing the asset cash flows to become 

negative almost immediately and significantly in maguitude. 

Under tile Moderate Down-Moderate Up scenarios it again becomes obvious that the change in lapse 

assumptiou has a greater affect on the magnitude of reinvested cash flows rather than on tile duratiou 

at which cash flows become negative. Asset cash flows turn negative at tile same duration under a 

0.25 assumption as they do under a 0.5 assumption, but surphls tarns negative 7 durations earlier. 

In summary, the results of tables 14A, 14B, and 14C illustrate how adverse interest rates and lapse 

rates need to be to adversely affect surplus for participating whole life insurance. Up scenarios have 

to push interest rates very high, very fast or for long periods of time to deplete surplus. In the down 

scenarios, a single down shock of 300 bp and no NAIC n]inimuna impacts surplus and this scenario 
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Table 14C 
PCFTM Results Under Some 

Non-Regulatory Interest Rate Scenarios 
Comparisons of Durations First Negative Cash Flows are Observed 

Under Different Assumptions for Durational Lapse Adjustment Factors 
($Millions) 

~at¢rg~ Rat¢ S~¢tm~ 

Pop-Down No ~llninutm: 
[-300for l, level} 

1 I luge  Shock  No  Mininu4m: 
1-330 8[or I, level} 

2 Down Shocks No Mintnutm: 
{-300for i, -50for I, level} 

up-up-up: 
{lOO fi~r 5, IO0~or .5. IOO fo r  5, level} 

Extreme Up-Up: 
[200 fi,r 5,100 f o r  5. level} 

/3(Ill for  5,200 f o r  5. h, vel} 

{400 lo t  1,300 for  4, 2 0 0 f o r  5, level} 

{400fi~r 5.100 for  5, 5 0 f o r  5. level/ 

Up-Down-Up: 
{400for  .5, -50 for  ,5, +30for  5, level} 

Dow,-Up-Oown: 
[-IOOfor 5, ~ 30 for  5.-50Jbr 5, level} 

Down-Down-Down: 
{-50for  5, -23 for  5, -12 5]br  5, level} 

E.~lrente Down.Down-Down: 

{-75for  5, -25 for  5, - 1 2 5 f o r  5. level} 

Moderate Down - Moderate Up: 
{-IOOfor 5, ~ 4 0 f o r  5, level} 

{-I 18 fiJr 5, +60 for  5, level} 

Duration at Which Duration at Which 
Surplus Asset Cash Flows 

Turns Negative Turn Negative 

Tdltll¢ 14,4 vs. 14B Table 14,4 vs. 14B 

--vs  35 27vs .  34 

40 vs 28 27 vs 34 

31 vs 25 27vs.  32 

vs -- 6 vs, 2 

- - v s - -  3 v s  2 

-- vs 3 vs. 2 

29vs  18 2 v s  2 

15 vs. 6 2 v s  2 

--vs. 19 2 v s  2 

22 vs 20 27 vs. 27 

22 vs 19 27 vs, 27 

15 vs 14 27 vs. 27 

-- vs. 33 34 vs. 34 

-- vs 33 34 vs. 34 

Note 
! A "- -" duration des;gnation means negative cashflo ws are not observed over projection period, although under the down 

scenarios cash flows ore decloting 
Ne w Money Rates assumed to start at 5 93%for all ~¢enarios. Portfolio yields are on a ,ore-tax basis 
" ± X bpfor Y" means the rates will change by the atnount attd direction indicated each )ear for Y)ears For example, 
[+300 b,o for 1, level} means rates increase b)' 300 basis points per )~'.ar for I )ear and remain level thereafter 
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may not be as remote a possibility as most of  the other extreme scenarios examined. Modest 

movements in interest rates combined with huge withdrawal activity could have the same effect 

as the results o f  the PCFTM illustrate. 

VIII. Criticisms and Directions for Further Research 

If there is an overwhehning need for cash flow testing traditional participating whole life 

insurance then that need is to determine whether it is "self-supporting under all but the most 

adverse scenarios." Unfortunately, the line distinguishing adverse scenarios from non-adverse 

scenarios is not clear; what seems adverse for one product may not undermine the profitability of  

another. These distinctions become clearer by cash flow testing. The results of  the PCFTM 

demonstrate that for this block of  business the regulatory interest rate scenarios are not adverse 

enough to determine the conditions under which this block fails to be self-supporting. The 

regulatory scenarios do not move enough in any direction or for a long enough period of  time to 

help establish the limits o f  vulnerability for this block. However, valuation actuaries are not 

limited to imposing just the regulatory scenarios in cash flow testing. If the regulatory scenarios 

prove insufficient in measuring the strength of  reserves, then it is the responsibility of  valuation 

actuaries to expand their cash flow testing activities. The problem of  course is one of  expense if 

only seriatim based valuation systems are available. 

Lambert, dePalo and Rieskyll, and Dr. Brender understand how expensive mainframe valuation 

systems can limit cash flow testing activities. The PCFTM removes this limitation by 

minimizing the cost o f  modeling liabilities through the use of  new business asset shares. They 

were not perfect coming into the PCFTM because of an excessively high new money rate 

assumption used to model dividends, gross premium margins higher than necessary, and liability 

flows out o f  line with actual experience. These problems were addressed by re-calibrating the 

asset share dividends and liabilities to actual experience with the dividend and gains adjustment 

factors, avoiding the cost of  modeling these flows from scratch. Modeling reserve liabilities 

using mainframe valuation systems would require, at a minimum, reserve valuations for the 
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block at each duration in the projection period. Even if cost were not an issue, it does not seem 

possible to use valuation systems to prepare needed reserve valuations within the regulatory time 

constraints. When cost is factored in, the need for simplified cash flow testing methods is 

overwhelming. 

The PCFTM addresses the need for simplified cash flow testing techniques and appears to 

produee results that are consistent with the lapse assumptions and interest rate scenarios 

imposed. One question that remains, however, is how the results of  the PCFTM would compare 

with those of a mainframe valuation system. Unfortunately, this would be an expensive question 

to answer using mainframe systems and it cannot be answered by turning to the literature. The 

literature offers only Dr. Brender's model but it is based on Canadian actuarial standards and 

regulations and its results are not comparable to the results produced by the PCFTM, a model 

based on U.S. actuarial standards and regulations. 

The lack of comparable models is not the only area where further research could help measure 

the reliability of the results produced by the PCFTM, however. Would a different set of new 

business asset shares materially change the level of projected liability flows.'? The mix of 

business assumptions would differ under a different model office projection, as would the pattern 

of liabilities. Intuitively, one might think such a change could be material. The gains adjustment 

factor should correct for some of the variation associated with a different model office 

projection, but possibly not enough. The gains adjustment factor re-calibrates the liability flows 

to reproduce current gain from operation. Its value is constant over the entire projection period 

and applied to premiums to further alter the level of projected liability flows. More research 

would help test the reliability of the gains adjustment factor after the start of the projection and 

may even suggest alternate methods of re-calibrating liability flows should be sought. This 

holds true for the dividend adjustment factor as well. 
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The durational lapse adjustment factors once set in a given scenario are held constant over the 

entire projection period. A factor of 2.0 in up scenarios and 0.5 in down scenarios are not 

unreasonable assumptions given the historical surrender behavior of this block under rising and 

declining interest rate climates. The sensitivity of these assumptions is measured by varying 

them to 2.5 and 3.0 in up scenarios and to 0.25 in down scenarios. But even in these additional 

cases assumptions remain fixed throughout the projection period. It is possible that it would 

have been better to grade the durational lapse adjustments from 1.0 more directly with 

movements in interest rates. This approach could have a significant effect on the duration at 

which negative cash flows are first observed. More research should focus on developing a 

formulaic relationship between the durational lapse adjustment factors and movements in interest 

rates. 

Under rising interest rates, especially, it is observed how detrimentally the investment policy 

assumption for this block of business affects surplus. The investment policy requires the 

reinvestment of asset cash flows every seven years in non-callable bonds. The problem of 

course is that a negative cash flow at given duration will be reinvested seven years later with 

then possibly negative cash flows. This policy has a greater effect on surplus in up scenarios 

than down scenarios. In fact as the graphs in the appendix illustrate, this policy causes the cash 

flows to exhibit periodic behavior where the pattern is replicated every seven years. More 

research could reveal that reinvesting in instruments with a spread of maturities would eliminate 

this periodicity and produce a much smoother pattern of cash flows. 

Finally, the interest rate sensitivity of various dividend options will become more significant for 

this block of business in the future. The AlP rider is a relatively new and fancy way 

policyholders can use one-year term insurance and paid-up additions to reduce premiums and 

accelerate the growth of policy cash values. One-year term reserves for this option were judged 

insignificant in size to warrant special consideration in the PCFTM and reserves for paid-up 

additions were assumed to have the same interest rate sensitivity as base policy reserves. This 
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assumption may not hold for this block in the future as policyholders become more sophisticated 

in their understanding of the mechanics of this option. More research will determine the need 

for better handling of this option in cash flow testing models. 
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IX. Appendix: Graphs of PCFI'M Results 
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