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SECTION 1: INTRODUCTION

The purpose of this study is to provide the actuarial profession with a review of the
actuarial aspects of cash balance retirement plans and original actuarial research
regarding the design and valuation of such plans. Cash balance plans present design
and valuation issues not found in traditional retirement plans. Real world cash balance
issues include:

• The choice of appropriate interest credit rates1 and related valuation assumptions;
• The valuation of fixed minimum interest credit rates;
• The valuation of interest credit rates tied to equity returns; and
• The valuation of qualified plan rollovers into a cash balance plan

There are real risks associated with each of these issues. There may be disagreement
on the extent to which they should be considered when determining a cash balance
plan’s actuarial liability and cost. Actuaries will increasingly be asked to address and
measure the costs and risks associated with cash balance plans, both in plan design and
ongoing valuation. 

This report discusses cash balance plan features and methods to measure the associ-
ated risks.

What is a cash balance plan?
This report is intended primarily for actuaries familiar with cash balance plans; however,
we have provided the following short general description. A cash balance plan is a type
of defined benefit (DB) plan that has many of the characteristics of a defined contribu-
tion (DC) plan. Cash balance plans have notional accounts for each active participant
that are credited with a contribution credit each year (such as 3% of pay) as well as a
defined interest credit (either a flat rate or tied to a type of investment, such as 52-week
Treasuries). The participants usually do not contribute to the accounts. At termination of
employment or retirement, the account balance can usually be paid either as a lump sum
or converted to an annuity based on conversion factors described in the plan document.
The basic benefit formula is almost always expressed in terms of a lump sum and most
benefits are paid in the form of a lump sum rather than an annuity.

Unlike a DC plan, the plan sponsor bears the investment risk, rather than the plan
participants. For example, if the supporting trust fund assets earn less than assumed
investment return, it is the employer who must make up the shortfall. By the same token,
any trust fund gains above the assumed investment return rate are used by the employer
to reduce future costs. Because of investment returns different from the interest credit
rate, assets of the fund are not likely to equal the sum of the account balances plus retiree
reserves.

As with other DB plans, cash balance plans are insured by the Pension Benefit
Guaranty Corporation (PBGC) and provide a benefit that is expected to increase every
year. 
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While cash balance plans are not new, their popularity in recent years has brought
forth new features that make these plans increasingly complex. Consequently, the way
that these plans are analyzed needs to be reevaluated. This study looks at features of cash
balance plans that demonstrate the variety of ways that employers have expanded on the
original concepts. It also considers the actuarial implications of these features. 

Scope of Study
This report covers a wide range of cash balance actuarial issues. In some cases we have
given suggestions on how to factor risks into valuations, such as the use of Monte Carlo
simulations to determine the risks associated with minimum interest credit rates. In other
cases we have simply noted issues which need to be addressed.

This study does not address IRS qualification issues or set actuarial standards of prac-
tice. However, it is intended to cause the reader to consider new issues particular to cash
balance plans.  

The study is divided into seven sections and five appendices. A short summary of
each remaining section follows.

Section 2: Concepts addresses four basic ways cash balance plans differ from tradi-
tional retirement plans. It touches on the impact of leverage, plan design, and PBGC
issues. This is part of the foundation for the rest of the study. In this report, the phrase
anticipated leverage is used to describe the excess of the assumed rate of investment
return on plan assets over the assumed cash balance plan interest credit rate.

Section 3: Embedded Features defines the term embedded feature and discusses a
variety of embedded features which exist in cash balance plans and how they are valued.
These include the use of equity based interest credit rates. Monte Carlo simulation is
used to assess the risk associated with various embedded features.

Section 4: Discussion of Funding Methods and Funding Levels introduces the
concept of account balance funding ratios (ratio of the plan’s actuarial liability to the sum
of the account balances). It goes on to define different attribution rules for the Projected
Unit Credit (PUC) funding method and to compare the results of such valuations for
selected sample lives.

Section 5: Plan Termination Concepts and Concerns provides background on plan
termination rules as they apply to cash balance plans. The PBGC has not set final policy
on what it guarantees for cash balance plans. While this section raises more questions
than it answers, it will hopefully help indicate issues requiring additional discussion.

Section 6: FASB Statement No. 87 and Cash Balance Plans provides a summary of
the valuation assumptions used by actuaries for FAS 87 as found in our survey (see
Appendix B).

THE PENSION FORUM
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Section 7: Actuarial Disclosure Issues discusses assumptions that are unique to cash
balance plans, and what actuaries are currently disclosing. This section does not cover
issues related to disclosure to plan participants.

Appendix A: Definition of Terms defines certain terms used in and associated with
cash balance plans. 

Appendix B: Survey of Cash Balance Plans discusses the results of a survey on the
design and valuation of thirty-nine cash balance plans. Actuaries may find it helpful to
see how their plans compare to those found in our survey. 

Appendix C: Projected Unit Credit Variations/Sample Lives contains spreadsheets
with the sample life calculations used in our study and details of the various PUC attribu-
tion rules. 

Appendix D: Monte Carlo Methodology describes the methodology we followed
for our Monte Carlo simulation used to assess risk.

Appendix E: Citations contains references we used in our study.

Society of Actuaries Cash Balance Study
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SECTION 2: CONCEPTS

Concept #1: Typically, a cash balance plan’s active actuarial liability is less than the
sum of the account balances.

In a cash balance plan, anticipated interest leveraging allows the actuarial liability to
be less than the sum of the account balances. The following graph compares this to a
traditional plan for the same age 65 funding target:

The Traditional line represents the present value of the accrued benefit in a typical
final-average-pay plan (using ongoing plan assumptions)2 from the time an employee is
hired at age 30 until retirement at age 65. The cash balance line represents the notional
cash balance account. The Funding line, which is the same for both plans, represents the
actuarial liability using some simplifying methods and assumptions. It should be noted
that in a cash balance plan a loss tends to occur when employees quit and take their lump
sums, and a gain tends to occur when an employee continues employment. This is the
reverse of what tends to happen in a traditional final-average-pay plan. 

Concept #2: In comparison to accruals of a final-average-pay plan, cost equivalent
cash balance plans provide smaller benefit accruals at ages 55-65 and larger benefit
accruals below age 55 than a traditional defined benefit plan of similar cost.

This concept was well described in an article by Steve J. Kopp and Lawrence Sher
[5]. The following graph examines the ratios of the value of benefits in a traditional 1%
final five-year average pay plan with a 3.95% cash balance plan from that study. For
example, this graph shows that employees quitting at ages 36-40 are expected to get a

THE PENSION FORUM
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benefit from this cash balance plan that is four times the expected benefit from the tradi-
tional plan. As was described in [5], both plans produced the same average benefit
payment when all employees are considered; however, some get more and some get less
compared to a traditional plan. Although only the last three age groups get less under a
cash balance plan than under a traditional plan (ratio under 100%), they represent the
largest individual benefit values.  

* Values from article by Steve Kopp & Lawrence Sher [5].

Concept #3: Embedded Features can change the present value of a Cash Balance
benefit.

Certain plan features raise issues on how to value a benefit or control risk. Switching
the basis for the interest credit rate from 52-week Treasuries to an equity basis will
change the volatility and value of the cash balance benefit. The actuarial present value of
the cash balance benefit depends partly on the expected future interest credit rate and the
expected return on plan assets. These two important assumptions and their relationship
are obviously important for the actuarial valuation. Some analysis has been done in the
related area of pricing equity-based annuities [1].

Other types of embedded features, such as subsidized annuity conversions and 401(k)
plan transfers, present other types of risks. When such provisions exist, the risk level
changes. It is unclear how the actuary should reflect these risks in calculating the present
value of benefits for an ongoing plan. Section 3 delves further into the concept of embed-
ded features.

Society of Actuaries Cash Balance Study
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Concept #4: Cash balance plans raise several distinct plan termination and PBGC
issues.

Ongoing funding targets for cash balance plans often produce active life actuarial
liabilities below the level of the account balances. Due to interest leveraging (the differ-
ence between the riskier return on plan assets and the less risky rate credited to cash
balance accounts), it can be reasonably argued that this is appropriate for an ongoing
plan. Consider a plan with only active participants that is frozen with ABO = Assets <
Account Balances. The plan will not have the assets in trust to immediately pay out the
account balance. However, if frozen, it is expected to have sufficient assets when the
payments come due at termination of employment (or a later date if restricted by the
plan). The difference between account balances and accumulated benefit obligation
(ABO) is due to the leverage anticipated in the future. However, this leads to a situation
where cash balance plans of bankrupt companies are less likely to terminate as a standard
termination than a traditional final average salary-based defined benefit plan if the test is
based on the immediate availability of account balances. Said differently, the leverage
that makes a cash balance plan an efficient use of employer contributions to an ongoing
plan creates funding issues should all benefits come due immediately. 

Cash balance plans are not alone in presenting risk to PBGC. However, there are
some unresolved issues that are unique to cash balance plans, such as whether PBGC
will guarantee interest credit rates based on equities. Section 5 covers issues about Cash
Balance plan terminations.

THE PENSION FORUM
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SECTION 3: EMBEDDED FEATURES - 
DEFINITION, ASSUMPTIONS, METHODS AND RISKS

Depending on market conditions, some plan features present significant risks which
may not be recognized if the plan is valued using standard actuarial valuation methods.
For the purpose of this study, the broad term embedded feature is used to refer to such
features. This section discusses each of the following embedded features:

• Interest credits tied to equity indices with employee choice;
• Equity indexed deferred annuities;
• Minimum interest guarantees;
• Subsidized Annuity options;
• Acceptance of 401(k) transfer or rollover amounts which may be converted to 

annuities;
• Tax Sheltered Annuity (TSA) match credits;
• Establishment of floor benefits; and
• Non traditional normal retirement ages.

This is followed by a discussion of measurements of leverage risk and asset matching.
The riskiness of each embedded feature will vary from plan to plan depending on
specific plan provisions. 

Interest Credits Tied To Equity Indices With Employee Choice
There are a few plans that currently allow employees to select the basis for their interest
credits. This includes plans that allow employees to elect to use an equity index. None of
these plans actively participated in our survey. Most of these plan designs are too new for
us to determine the assumptions and methods used to fund these plans. The next subsec-
tion titled “Equity Indexed Deferred Annuities” should be read in connection with this
section since it provides some discussion of what insurance companies have done in
similar situations to mitigate risks.

One key issue is setting an interest credit rate assumption when there is employee
choice. For example, one plan in our survey allows transfers from 401(k) accounts and
provides the same 11 investment options as exist in the 401(k) plan. For this plan, the
initial interest credit rate assumption could be based on the same average investment mix
as under the existing 401(k) plan. This assumption could be changed once sufficient
experience on employee elections is gathered.

Assume that employees elect a 50/50 equity/fixed income mix for their interest cred-
its. If the pension plan has a 70/30 mix in assets, assumptions could be set as shown in
Figure 3.1, resulting in anticipated leverage of 0.6%. However, there are still some ques-
tions to ask. Given employee choice, is it valid to assume that no leveraging will be
realized? Should the fact that employees have the ability to change to a 70/30 mix mean
that the interest credit rate should be assumed to equal expected investment returns? If
cash balance accounts are not re-balanced, should it be assumed that an initial 60/40 mix

Society of Actuaries Cash Balance Study
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might go to 70/30? If employees elect a higher equity mix than the plan sponsor is will-
ing to accept, should anticipated leverage be negative? What if the plan only permits
employee choice for five years and reverts to a low fixed rate (such as 4%) unless the
plan is amended? 

Assume employee election of indexes and actual trust fund investments are as shown
Figure 3.1.

Based on Figure 3.1, the appropriate leverage anticipated would be 0.6%. Should
actuaries adjust the assumed interest credit rate if the employee equity/fixed selection
changes by 5% or 10%? How should investment expenses be reflected? What historical
time frames should be looked at to estimate future real rates of return?

The risks of this embedded feature are:

• Change in employee choice of index;
• Negative return/reduction in accrued benefit;
• Expected leverage not realized; and
• Legal unknowns because these designs are so new.

Equity Indexed Deferred Annuities
While equity based cash balance plans are new, insurance companies have been offering
equity indexed deferred annuity contracts for some time. While these annuities are not an
existing embedded feature, we thought it was appropriate to include them under the topic
of equity indices. The American Academy of Actuaries published a report in 1997 that
included discussion of design, investments and reserving of these deferred annuities [1].
An example of a contract design is:

THE PENSION FORUM
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After seven years the contract will provide a return equal to the greater of (1) 80% of
the return on the S&P 500, or (2) 3% interest on 90% of the principal. 

To avoid an investment mismatch, assets may be invested in a combination of (1) zero
coupon bonds to provide the minimum 3% benefits (for example, face amount equals
90% x 1.037 = 110.69% of the purchase price), and (2) seven year call options with a
strike price of 113.36% (1+10.69% / 80%) of the purchase price. The zero coupon bonds
hedge the floor guarantee and the call options provide the equity return in excess of the
strike price. If stocks earn more than 13.36%, 80% of the equity return will be credited.
Insurers may deliberately mismatch some of these investments; however, the actuary
plays a large role in monitoring the matching of assets and liabilities. This funding
approach is complicated by early surrender values and death benefits.

The reserves may be based on discounted values of the minimum benefit and the
discounted value of the call options.

Some of this could translate into future cash balance plan design; however, it seems
that it would provide an investment design that is more attractive to employees at the loss
of some or all leverage that would reduce employer cost. Asset mismatching and risk
may be weighed differently by a plan sponsor than by an insurance company.

The following are considerations in managing risks for any type of equity based inter-
est credit:

• Limiting the time period over which a guarantee is provided; 
• Providing penalties for early withdrawals; and 
• Matching assets to liabilities.

Minimum Interest Guarantees
Some plans provide a minimum annual interest credit. This is an embedded feature
because even though the minimum may be below the current and assumed interest credit
rate, it does have some cost. The most common minimum found in our survey was 4%
per year.

Should a plan that bases interest credits on 52-week Treasuries be valued using the
same assumptions as a plan that is identical except that it also provides a minimum rate
of 4%? What if the minimum is 6%? In this section we look at surveys of existing plans
and measurements of risk.

The common method of recognizing these minimum rates would be to lower antici-
pated leverage by raising the assumed interest credit rate relative to the valuation interest
rate. One method to estimate the cost of a minimum interest credit rate is a Monte Carlo
simulation, described under the heading “Measurement of Leverage Risk” at the end of
this Section. Some plans with a minimum interest credit rate also had a maximum inter-
est credit rate. The maximum offsets some or all of the cost of the minimum rate
embedded feature. This effect could also be estimated by Monte Carlo methods.

Society of Actuaries Cash Balance Study
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There were eight plans in our survey that had a minimum interest credit rate and
provided a complete set of actuarial assumptions. The survey looked at the average inter-
est credit rate and investment return assumption for plans with the same core index
compared to the assumption used by each of the eight plans with minimum rates. In
Figure 3.2, the column, “Difference in Anticipated Leverage,” equals:

1) the plan’s investment return assumption minus interest credit assumption, less 

2) the average investment return assumption minus the interest credit assumption for the 
other plans with the same interest credit basis but no minimums. 

Not every plan that had a minimum interest credit rate anticipated a lesser amount of
leverage (as would have been indicated by a negative in the last column of Figure 3.2). 

The second plan on this chart used 52-week T-bills with a 4% minimum. The antici-
pated leverage rate is 0.5% lower than the average of plans that used 52-week T-bills
without a minimum. Because a 4% minimum is not very high and the investment mixes
are not known, the 0.5% difference seems to be reasonable. This compares to the next
plan that has the same 52-week index, a higher 6.5% minimum and a 2% difference in
the anticipated leverage rate. The fifth plan actually anticipates 1.19% higher than aver-
age leverage but this was probably related to the fact that the index was reduced by 1%
and had a 7.5% maximum.

Some plans used a 7%-9% rate on starting account balances to provide an extra transi-
tion benefit or to compensate for using a similar rate when converting the original
accrued annuity to the original account balance. A few plans used an ongoing fixed rate
that was (or is likely to be) higher than the 417(e) rate or the GATT rate. This leads to a
discussion of IRS Notice 96-8 and whether a whipsaw problem is created. For the
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Average Difference in
Assumed Number Assumed Credit Anticipated 

Fixed   Credit Rate of  "other" Rate among Leverage

Interest Credit Basis Guarantee in Valuation plans other plans 3 vs. other plans

6 Month Treasuries    4% min 6% 2 2 N/A
52-week Treasuries    4% min 7% 10 10      .50% 4

52-week Treasuries 6.5% min 6.50% 10 10 -2.00%
52-week Treasuries + 1%    5% min 7% 10 10 -1.00%
30-year Treasuries – 1%    4% min 6% 6 6 1.19%

 7.5% max 7% 6 6 -0.81%
30-year Treasuries + 0.5%      5%min 5 4% 2 2 3.50%

CPI   4% min 5.50% 2 2 1.00%

CPI    4% min    4% min    4% min    4% min    4% min
  5% max

Figure 3.2
Effect of Minimum Guarantees on Anticipated Leverage



purpose of this study our concern about whipsaws focuses on whether the benefit
expected to be paid is the benefit that is valued.

All of the above dealt with annual minimum guarantees. One plan that provided an
equity index for interest credits provided a cumulative 0% guarantee. A cumulative guar-
antee tends to be much less expensive than an annual guarantee since the risk decreases
as interest becomes a larger percentage of the account balance. This can be a low cost
feature. It needs to be realized that this will allow account balances to decline from one
year to the next. We have seen similar types of guarantees (usually at 3%) on Tax
Sheltered Annuities (TSA) long term fixed income accounts. As interest rates rose in the
early 1980s, these TSAs provided negative annual returns dropping the account values to
the minimum balance and creating policyholder concerns.

Subsidized Annuity Options
A subsidized annuity conversion basis may be an embedded feature. For this report,
subsidized is defined as providing a benefit greater than the 417(e) basis. For example,
consider a plan that provides annuities based on a fixed 6% interest basis. Some years
this may be a rate higher than the 417(e) rate and the plan may provide for a whipsaw
treatment of lump sums in those years. If the actuarial valuation assumes lump sum
payments, some estimate needs to be made of the impact of the potential whipsaws.

Partly because of the guidance under IRS Notice 96-8, many cash balance plans
convert to annuities based on 417(e) rates. Because these rates are tied to conservative
fixed income rates, the safest thing to assume is usually a lump sum form of payment. In
this situation, whenever a participant elects an annuity, leveraging is likely to continue (a
net gain may or may not occur). However, some plans use a higher fixed interest rate and
at least five of the 39 plans surveyed used fixed annuity conversion factors that did not
vary by age. One plan in the survey had an interest rate for annuity conversions as high
as 8%. Assume that a plan uses a fixed 8% rate for annuity conversions and the GATT
rate is 5.5% and the same mortality table is used. Figure 3.3 shows when it is most
conservative to value an annuity or a lump sum for this plan. We have shown two sets of
results because not every plan recognizes the need to provide a whipsaw benefit.

While most surveyed plans assumed 100% of participants take a lump sum, some did
assume 10% to 30% would take annuities.

Society of Actuaries Cash Balance Study

11

Valuation Interest

Assumption: >8% 8% 5.50% <5.5%
Assuming No Whipsaw 6 Lump Sum Either LS or Annuity Annuity Annuity
Whipsaw Lump Sum Lump Sum Either Annuity

Figure 3.3
Lump Sum vs. Annuity - Conservative Assumption



Regarding whipsaws, the purpose of our study is not to discuss the legal issues
connected with the whipsaw effect. Some plans do pay higher benefits because of whip-
saw treatment of certain plan provisions. Other similar plans (including those designed
prior to IRS Notice 96-8) just pay the account balance. While there may be a risk that
IRS or DOL might find that a whipsaw should exist where none was paid, this type of
risk is beyond the scope of this study.

Transfer or Rollover Amounts which may be Converted To Annuities
Only two plans in the survey allow transfers from a 401(k) plan to a cash balance plan.
One of these plans allows transfers to an active employee account balance while the
other plan requires immediate annuitization. Either is an embedded feature since the
liabilities that will be transferred are unknown and often only valued after the transfer
takes place.

Assume that the actuarial valuation report and plan document had the following state-
ment that is intended to control risk:

Once 401(k) funds are transferred into the plan, they become a part of the vested 
accrued benefit and as such cannot be eliminated by plan amendment. However, 
the plan may be amended at any time to eliminate the ability to accept future 
401(k) transfers.

The question arises as to whether the actuary should anticipate future transfers, espe-
cially if minimum interest credits or subsidized annuity factors are involved. At worst,
losses would be recognized when funds are transferred. More likely, gains will be recog-
nized when transfers occur if GATT rates are used for annuity purchases. Based on a
very small sample, it appears that future transfers are not being anticipated and current
plan design tries to avoid future actuarial losses.  

One surveyed plan allows transfers to convert to immediate annuities at GATT rates.
Since GATT rates are tied to recent 30-year Treasuries and RPA Current Liabilities are
based on 105% of a four-year average of 30-year Treasuries, this leads to a situation
where transfers reduce the amount of the unfunded Current Liability. It is likely to be a
gain under the regular valuation but may generate additional PBGC variable premiums
because of the low rate used for this purpose.

Based on the above, risk controls for this embedded feature include:

• Selection of market related annuity conversion factors;
• Ability of the plan/employer to discontinue future transfers; and
• Limitations on the rights to transfer funds.

Because there is no information on how subsidized 401(k) transfers might be valued,
we suggest one possible approach. Assume that a particular transfer subsidy adds 10% to
the value of the 401(k) transfer. Assume also that 5% of all eligible 401(k) money is
actually transferred and not paid directly from the 401(k) plan. This results in a subsidy
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of 0.5% of the value of the 401(k) accounts. Based on these assumptions and current
401(k) account balances and contribution data, adjustments can be made to the defined
benefit plan’s actuarial liability and normal cost. Exactly how this would be done would
depend on the funding method. In addition, we expect most plans would try to find a way
to avoid the subsidy and the extra liabilities as discussed in the prior three bullet points.

Tax Sheltered Annuity (TSA) Match Credits
Some hospital plans provide a cash balance match based on employee TSA (403(b))
deferrals. Plan valuation requires an assumption of the level of future TSA contributions.
At least two of the plans surveyed had this feature, and assumed that an individual’s prior
year’s deferral percentage would continue fixed until termination of employment. From
the actuarial valuation report of a third plan, we could not tell the assumption used for
future TSA deferrals or matches. One risk is that TSA savings will increase. The ability
to end this feature prospectively may be the best method of controlling risk. It should
also be pointed out that the same types of cost risks to the employer exist where the TSA
match does not involve a cash balance plan.

Establishment of Floor Benefits
A few of the cash balance plans established a traditional final-average-pay floor benefit.
One plan actually provided the greater of the old plan or the cash balance plan to
employees who were participants at the date of transition. This is like a traditional plan
that provides the greater of a final-average-pay formula or a fixed dollar rate and simply
values the greater of the two benefits. As long as both benefits are being tested and
valued, there is no special funding requirement.

One interesting note relates to a benefit “mismatch” using the PUC attribution rule
under the Annuity Accrual Method (described in detail in Section 4). Under this fund-
ing method, the proportion of a future benefit, projected with a salary scale, attributed to
each year of service is based on a projection of future benefits without a salary scale.
Consider a plan that provides the greater of a cash balance benefit or a final-average-pay
benefit. Assuming a salary scale, the final-average-pay accrued benefit would be the
greater after some age X. Assuming no future salary increases, the final-average-pay
accrued benefit would not exceed the cash balance accrued benefit until some later age,
X+Y. Under this PUC method, the normal cost at ages between X and X+Y will be the
present value of a percentage of the final-average-pay benefit where the percentage is
based on the ratio of the current and projected cash balance benefits. A similar situation
can exist in a traditional plan with a fixed dollar benefit minimum. 

Normal Retirement Age  
In a cash balance plan, from the employee’s perspective there may be no material signifi-
cance to normal retirement age, since the basic benefit is communicated as a lump sum
and not as an annuity. However, from a compliance perspective, selection of normal
retirement age can be material. One feature of some newer cash balance plans is to
define normal retirement age as the earlier of age 65 or five years of vesting service. It
raises questions on whether a plan can avoid a whipsaw while guaranteeing an interest
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credit higher than the 417(e) rate by only projecting to current age (i.e. normal retire-
ment). While acceleration of retirement eligibility may help with some compliance
issues, it is likely that an actuarial valuation will assume that the average employee will
retire far beyond the normal retirement age. This issue is primarily a regulatory issue. 

Measurement of Leverage Risk
In this report the word leverage is used to define the difference between the rate of return
on the trust fund assets and the interest credit rate. This difference is because the
employer is generally taking more risk by investing in assets different from the basis for
the cash balance interest credit. We have measured the risk by looking at levels of lever-
age over periods of time using Monte Carlo simulations. Details of the assumptions and
methods used are in Appendix D. We looked at the effect of (1) changing investment
mix, (2) selection of interest credit basis, (3) adding a minimum interest credit rate and
(4) changing the period of historical performance being examined.

We looked at six different situations. The first five were based on returns from 1926 -
1998. The 20-year median leverage results were as follows:

Each figure (3.4 − 3.9) shows the risk that the leverage implicit in the assumptions
may not be met over a 1 to 20 year period.

Of particular significance is the impact of providing a minimum rate of return on the
long-term median leverage result. Figure 3.4 shows a median expected leverage of
4.85% after 20 years. Adding a 6% minimum, shown in Figure 3.8, reduces the median
expected leverage from 4.85% to 3.09% after 20 years. This is comparable to an average
increase in the annual interest credit rate of 1.76%. The lower 3.09% rate was heavily
influenced by the use of returns back to 1926. Long-term Treasury income rates were
below 6% in 1926-69, 1972, and 1998.
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Cash Balance Interest Trust Fund Investment Median Leverage
Credit Basis Mix (Equity/Fixed) after 20 years

Figure 3.4 Long-Term Treasuries 7  70%/30% 4.85%
Figure 3.5 Long-Term Treasuries  50%/50% 3.78%
Figure 3.6 50% S&P + (50% LT Gov.,  70%/30% 1.68%

Income only)
Figure 3.7 50% S&P + (50% LT Gov.,  70%/30% 0.47%

Income only); minimum
Figure 3.8 Long-Term Treasuries,  70%/30% 3.09%

minimum annual return = 6%
Figure 3.9 Same as 3.4 except based on Same as 3.4 except based on 6.59%

experience from 1979 - 1998 experience from 1979 - 1998
vs. 1926 - 1998. vs. 1926 - 1998.



All six figures use the same scale. From this it can be seen that while the equity based
interest credits (Figures 3.6 and 3.7) have the lowest level of leveraging, they also have
the lowest level of variation.
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Risk Measurement and Asset Matching
The concept of the efficient frontier has been part of pension modeling for many years.
This is often graphed with Total Return on the Y-axis and Risk on the X-axis. The effi-
cient frontier is usually expressed as an increasing curve that flattens out as risk increases
as shown in Figure 3.10 below. Investment portfolio mixes that fall along this curve
provided the highest level of return for a given amount of risk. Portfolios that fall below
this line do not provide the most efficient mix of assets.

In a cash balance setting, we are looking for a different type of efficient frontier. We
want to find the investment mix that maximizes leverage for a stated amount of risk. A
plan that uses 52-week Treasuries for interest credits obtains a relatively risk free situa-
tion by investing in short term investments. The sponsor may choose not to invest in this
fashion in order to obtain some positive leveraging. Similarly, interest credits might be
based on 50% of the S&P and 50% of short term Treasuries. This plan can also have
relatively no risk and no leverage if it is invested in the same 50%/50% manner.  Any
deviation away from a 50%/50% mix, in either direction, will increase risk and affect
leveraging. A 60%/40% mix will, on average, create positive leverage while a 40%/60%
mix will, on average, create negative leverage. An equity interest credit basis with
matching investments can be risk free but minimizes the opportunity for leveraging.

Figure 3.11 shows what the cash balance efficient frontier for leveraging purposes
might look like. It plots the same six efficient portfolios from Figure 3.10 and assumes
interest credits mimic the investment returns of portfolio C. Based on this revised effi-
cient frontier, we would never invest using portfolios A or B. Portfolio C offers no risk
or leverage. Portfolios D - F offer increasing amounts of risk and positive leverage.

In our example, we assumed that interest credits would be tied to a portfolio that falls
on the efficient frontier. This would not necessarily be the case. 

One of the difficulties is that some cash balance plans use interest credits based only
on income (dividends and interest) rather than total returns. Investments that would
reproduce interest credits based on 30-year Treasury income would not be 30-year
Treasury investments because of market appreciation or depreciation risks not reflected
in the interest credits. 
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SECTION 4: DISCUSSION OF FUNDING METHODS 
AND FUNDING TARGETS

It has long been recognized that cash balance plans do not have the same funding
characteristics as traditional plans, due to the fact that most cash balance plans tend to
front-load the benefit accruals. In a traditional plan, higher turnover leads to lower cost.
In a cash balance plan, which pays immediate lump sums, a higher turnover rate shortens
the time for anticipated leveraging and may actually increase plan cost. The extent to
which a cash balance plan reacts to various assumption changes depends on a number of
factors, including:

• Anticipated leverage;
• Availability of immediate lump sum payments;
• Degree of front or back-loading in cash balance formula; and
• The funding method selected.

To examine the impact of some of these variables, we created sample life valuations.
We started with a fairly simple cash balance plan, 4% pay credit rate for the first ten
years and 5% thereafter, with interest credits assumed at 6%. The valuation interest rate
assumed is 8%. It is important to note that the benefit formula selected can have a mate-
rial impact on the level of the actuarial liability under different funding methods. The
next two parts of this section, Account Balance Funding Ratios and Funding Methods,
describe how we will compare different funding methods and define the methods used.

Account Balance Funding Ratios
One method used to compare the level of funding is the ratio of the active actuarial

liability to the active lump sum account balance, which does not depend on the turnover
assumption used. This ratio is referred to in the report as the Account Balance Funding
Ratio. A ratio of 80% means that the plan is only funding to a target of 80% of the
account balance and leaves the difference to (1) anticipated leverage, (2) anticipated
forfeitures for those not yet vested, and (3) future normal costs. It does not mean that
plan funding is at 80% of the target. In many plans, the account balance will equal the
plan termination liability and the Account Balance Funding Ratio represents a percentage
of the termination liability. However, the active life termination liabilities may be differ-
ent from the associated account balances.

Similar ratios compare the normal cost to the expected dollar amount of the pay cred-
its for the coming year 8. We have called this the Normal Cost Ratio. It is often expected
that this ratio will be below the Account Balance Funding Ratio since younger employ-
ees have more weight in the determination of the normal cost versus the actuarial
liability. The Normal Cost Ratio is usually easier to measure than the Account Balance
Funding Ratio since transition issues and inactive liabilities are less likely to complicate
the calculation. 
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In our survey a rough estimate of the average Normal Cost Ratio for 15 plans came
out to be 66% (41% minimum and 100% maximum). A similar ratio based on the annual
increase in Current Liability was 78%. The difference between 66% (or 78%) and 100%
of the pay credits was created mostly by anticipated leveraging and to a lesser degree by
anticipated forfeitures.  

Detailed survey results appear in Appendix B.

Funding Methods
In Figure 4.1, the Account Balance Funding Ratios are graphed for the five different
funding methods listed below. We have also graphed the Normal Cost Ratio and normal
cost as a percentage of pay. All of these are based on the sample plan described above.
Appendix C provides a more detailed description of each of the following funding meth-
ods and assumptions used. 

PUC Service Prorate Method (PUC S/P): 
A simple Service Prorate was the most common method found in our survey. Under this
method an equal amount of the cash balance benefit is associated with each year of serv-
ice and an employee’s normal cost is affected by changes in age. For example, if an
employee hired at age 25 is projected to get a $100,000 lump sum at age 65, $2,500 is
associated with each year of service ($100,000/40 years). Obviously, $2,500 discounted
back to age 25 will create a smaller normal cost at age 25 than $2,500 discounted back to
age 40 to create the age 40 normal cost.

There are many variations of the Service Prorate. One variation assigns the transition
(opening) account balance plus interest to past service. Future pay credits plus interest on
future pay credits are prorated from the date of transition.

PUC Annuity Accrual Method (PUC Ann): 
Another method is to allocate the normal cost in proportion to the annuity being earned
each year. In a final-average-pay plan which has an accrual rate of 2% per year for the
first ten years and 1% per year for additional years above ten, the attribution pattern
during the first ten years would be twice that for years after ten. This attribution pattern
is developed without regard to future salary increases. Because the cash balance benefit
is a lump sum with an unknown level of future interest credits and unknown future annu-
ity value, this creates a question on how to determine the equivalent annuity benefit.
However, the valuation should have an assumption concerning future interest credits and
future annuity conversion factors. Using this as a basis, each year’s projected account
balance can be projected forward to normal retirement age with interest only (no salary
scale is used as noted in the final-average-pay example above) to produce an annuity to
be used for attribution purposes. From this an allocation of normal cost can be deter-
mined. See Appendix C for a numerical example and some further discussion. It should
be noted that this method front-loads cost and was not used by any of the plans we
surveyed. This method and the Entry Age Normal method may be very conservative if
the cash balance pay credit rate increases sharply by age/service (see Figure 4.1). This
method may require a complicated computer program when the benefit is defined by
comparing multiple benefit formulas, including non-cash balance formulas.
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PUC Pay Credit Method (PUC PC): 
Another method is to allocate the normal cost in proportion to the pay credit rate associ-
ated with each year. This can be looked at as a weighting of service under the Service
Prorate Method. While this sounds similar to the prior method, the result is very differ-
ent. Since the weights do not recognize salary increases and interest credits, the Pay
Credit Method is not similar to PUC funding of a final average formula. 

In the Appendix C illustration, an employee earns a pay credit rate of 4% for the first
ten years and 5% thereafter. The actuarial liability under this method after 5 years for a
decrement at 15 years equals 20%/65% times the present value of that benefit. 

Traditional Unit Credit Method (TUC): 
Under the Traditional Unit Credit Method the actuarial liability is the ABO, which is
basically the existing account balance projected at the assumed interest credit rate to the
expected payment date and then discounted back at the assumed investment return rate. 

Comparison of Funding Methods
On the following graphs, Entry Age Normal Funding is abbreviated as EAN and the
notional cash balance pay credit rate is abbreviated as Pay Credit. Figure 4.1 shows the
actuarial liability as a percent of the account balance under five different funding meth-
ods. Figure 4.2 shows the normal cost as a percent of pay under five different funding
methods as well as the actual pay credit rate. Figure 4.3 shows each normal cost as a
percent of the pay credit. The significance is the impact of anticipated leveraging and the
choice of funding method.

Figure 4.1
Account Balance Funding Ratio from Entry Age to Retirement Age
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Why does Figure 4.1 look the way it does? It tracks one employee from age 30
through age 65. The plan is assumed to have five-year vesting, which accounts for the
steep curve during the first five years when the employer’s cost is discounted for antici-
pated forfeitures. In four of the methods there is a bump at age 40 when the pay credit
increases from 4% to 5% (this is best seen in Figure 4.2). Three of the funding methods
never get to 100% until age 65 primarily because of anticipated leveraging. The exact
shape depends on many factors including the pay credit structure, salary assumptions,
interest assumptions and the funding method.

Figure 4.2
Normal Cost as a Percentage of Payroll

The top line in Figure 4.2 represents the nominal pay credit rate for a sample
employee throughout his potential career and is not a normal cost rate. The EAN normal
cost is a fixed percentage. The four other normal cost lines react to vesting and three of
these react to changes in the pay credit rate. It is interesting to note how low the normal
cost gets at age 65 under the PUC Annuity Accrual method. Few employees actually
work 35 years to get to this situation.

Figure 4.3 shows the normal cost ratio for each method, which can be determined by
dividing the normal cost by the pay credit rate.
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Figure 4.3
Normal Cost Ratio from Entry Age to Retirement Age

In some plans, the PUC Pay Credit Method produces lower actuarial liabilities than
the Traditional Unit Credit method. Is this a problem? Question #9 from the 1999
Enrolled Actuaries Meeting Gray Book made some points that are relevant to this discus-
sion. It noted that variations of “project and prorate” methods were acceptable to the IRS
as long as the actuarial liability was no less than the present value of accrued benefits. It
also noted the significance of some transition benefits.

It has been pointed out in the past that ABO can be greater than the Projected Benefit
Obligation (PBO) using the Service Prorate Method if the salary scale is less than the
interest credit rate. If this were to occur, the relationships between the TUC and PUC S/P
lines on our graphs would change. About a third of the plans in the survey indicated that
the PBO is equal to the ABO for purposes of meeting financial accounting standards
(FAS); and the rest had a PBO higher than the ABO.

Impact of Turnover on Funding Levels
Figure 4.4 compares the actuarial liabilities using either a T-3 or T-7 turnover table 9.  For
an employee hired at age 30, the Account Balance Funding Ratio at age 40 under Entry
Age Normal Funding would be 103% using T-7 and 97% using T-3. As stated above,
this occurs due to a change in the working lifetime available for leveraging. In a tradi-
tional defined benefit plan the lower turnover table would have produced the equivalent
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of a higher target. Entry Age Normal and four different unit credit funding methods are
used. The results are for an employee age 40, hired at age 30, using the plan provisions
and assumptions described in Appendix C.

Figure 4.4
Effect of Turnover on Account Balance Funding Ratio

4% to 5% Pay Credit, 2% Anticipated Leverage

This shows that the PUC Pay Credit method can produce the lowest level of funding.
Some actuaries put a minimum on the liability equal to the TUC result just as under FAS
when the PBO is not allowed to be less than the ABO.

Other Observations
Are any of the above too low a level of funding? What is a reasonable attribution method
to allocate normal cost? Does the answer depend on the cash balance credit formula?
One guide is Regulation 1.412(c)(3)-1(e)(3), which requires that the allocation between
past and future service benefits for career average pay plans “must be reasonable.”
Paragraph 40 of FAS 87 has us look to the formula to determine how to attribute benefits
to each year of service. All of the funding methods get to 100% funding at age 65 but so
does terminal funding which generally is not appropriate since it provides neither (1)
protection to the participant offered by prefunding in a trust nor (2) a charge to the
employer while benefits are being earned. Both of these factors may need to be met to
provide an adequate funding method. However, it is expected that actuaries will differ on
the amount of protection needed. 

The degree of anticipated leverage and the pay credit rate structure may have an
important influence on what is or is not reasonable. We looked at how such variations
impacted the Account Balance Funding Ratio. To do this we changed the degree of antic-
ipated leverage or the pay credit rate structure in our sample life calculations. Figure 4.5
shows the Account Balance Funding Ratios for a plan that has a fixed (6%) pay credit at
all ages and assumes that interest credits will be 2% less than the investment return of the
fund (i.e. 2% anticipated leverage). Figure 4.6 shows what happens when the anticipated
leverage is reduced to 0%, thus increasing the Account Balance Funding Ratios. Figure
4.7 shows the Account Balance Funding Ratios for a plan that has a pay credit that
increases every four years from 2% to 10% of pay and assumes 2% leverage. All three of
these figures assume that the benefit is paid as a lump sum at time of termination of
employment. Figure 4.8 modifies Figure 4.4 by assuming that the payment of the lump
sum is deferred until age 65.
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Entry Age PUC Annuity PUC Service TUC PUC Pay Credit

Normal Method Prorate Method Method

T-7 103% 106% 86% 80% 78%
T-3 97% 108% 79% 73% 70%



Figure 4.5
Account Balance Funding Ratio

Flat 6% Pay Credit, 2% Anticipated Leverage

Figure 4.6
Account Balance Funding Ratio

Flat 6% Pay Credits, No Anticipated Leverage

Many plans have pay credits that increase substantially as age and/or service increase.
Using either Entry Age Normal or a PUC Service Prorate Method will tend to increase
the Account Balance Funding Ratio because the plan is more back-loaded than a plan
that provides flat cash balance pay credits. The normal cost under these methods might
even exceed the pay credits depending on the extent of back-loading and the demograph-
ics. A PUC Annuity Accrual method would be less affected. Because it would be very
difficult to explain why the plan’s normal cost is higher than the notional pay credits, the
Entry Age Normal or PUC Service Prorate methods might not be selected.  

Figure 4.7
Account Balance Funding Ratio

2% to 10% Pay Credit, 2% Anticipated Leverage

All of the above assumed that the lump sum would be paid immediately at termina-
tion of employment. Some cash balance plans may make employees wait until age 55 or
65 to get a lump sum, or even require that the benefit be annuitized. All of these extend
the potential period over which anticipated leveraging could occur and lower the
Account Balance Funding Ratio.  
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Entry Age PUC Annuity PUC Service TUC PUC Pay Credit

Normal Method Prorate Method Method

T-7 90% 103% 78% 80% 10 78%
T-3 83% 104% 70% 73% 70%

Entry Age PUC Annuity PUC Service TUC PUC Pay Credit
Normal Method Prorate Method Method

T-7 110% 134% 97% 100% 97%
T-3 105% 148% 96% 100% 96%

Entry Age PUC Annuity PUC Service TUC PUC Pay Credit
Normal Method Prorate Method Method

T-7 160% 115% 114% 80% 77%
T-3 162% 121% 117% 73% 69%



Figure 4.8 contains examples where an employee must wait until age 65 to receive the
lump sum benefit. This sample employee is again age 40 and was hired at age 30 using
the same basis as from Figure 4.4 (T-7) except for the age at which the lump sum is paid.
Comparing this with the plan that assumes immediate lump sum payments produces the
following result: 

Figure 4.8
Account Balance Funding Ratio

4% to 5% Pay Credit, 2% Anticipated Leverage, T-7 Turnover

If an employee must wait until age 65 to receive a lump sum, the lower Account Balance
Funding Ratio may be justified. From a consulting perspective, the employer needs to
understand the cost associated with lowering the age at which lump sums can be paid. 

Effect of Transition Benefits on Funding
While any of the above PUC methods can fund benefits by expected termination of
employment, the presence of a transition benefit can impact on the funding decision. Of
the plans surveyed, 37 out of 39 had traditional plan formulas that were converted to
starting account balances. Many of the starting (transition) account balances were materi-
ally different from what they would have been had the plan always been a cash balance
plan. Is the Service Prorate method appropriate for these plans? At least three of the
surveyed plans made adjustments to the PUC attribution method. Each was similar in
that they kept the transition benefit attributed to past service. 

Since plan sponsors provide such a wide variety of transitions, it is difficult to gener-
alize. Examples based on survey responses are as follows.

1. The prior plan accrued benefit is converted to a starting account balance simply 
protecting the old accrued benefit. No other transition rules applied. Many such plans 
continue to use a simple PUC Service Prorate Method. However, others treat past 
accruals associated with the initial account conversion differently from future cash 
balance accruals. These actuaries modify the PUC Service Prorate by always keeping 
the initial balance as past service liability and prorating the future pay credits with 
service starting from the date of transition. This way the prior benefit does not 
contribute to the normal cost.

2. The plan described above but the initial starting balance is based on an 8% interest 
rate (higher than the 417(e) rate). There may be a wearaway problem for some
number of years. Should the normal cost be zero for these years? The actuary should 
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Entry PUC

Age Annuity PUC Service TUC PUC Pay Credit

Normal Method Prorate Method Method
Immediate Lump Sum 103% 106% 86% 80% 78%
Lump Sum at Age 65 92% 87% 68% 50% 61%



be valuing lump sum payments higher than the account balance for decrements during 
the wearaway period. However, the PUC attribution method and assumed future 
417(e) rate should also be considered as a way of managing the risk of these extra 
liabilities.

3. The old formula is continued as a minimum for some (or all) employees either for a 
limited period of time (three to five years) or forever. In this case, a portion of the 
normal cost is still associated with the prior plan formula. Attribution rules should 
again be examined; however, the added risk is that the amount of time that the benefit 
under the old formula will be larger than the cash balance benefit may depend on the 
level of future interest credits and 417(e) rates. This would have to be measured on a 
case-by-case basis and often may not be significant.

4. Extra temporary pay credits are given for some or all employees in the plan at 
transition. For example, 3% additional pay credits would be given over the next five 
years for all employees age 50 or older at transition. If a pure Service Prorate Method 
were used, it may not measure any front-loading for this benefit. Our survey found 
plans with this type of provision using a five-year attribution rule on this portion of 
the benefit. 

5. This plan has the following features:

• Pay credits that increase with age and service (about 3% to 4% per year);
• Some special transition credits that ended after 10 years; and
• Retention of Final-average-pay formula for some older employees at transition.

In this plan the actuary assumed that for a new hire, the simple Service Prorate rule
would apply. Then to reflect the fact that the starting account balance should perhaps
have a different attribution rule, the actuary modified the rule by assuming the starting
account balance is always past service liability. To accomplish this the actuary split the
projected benefit into two parts: the protected transition account balance and the
projected benefit derived from post transition benefit credits.  Only the second portion
was prorated based on service and the service for this purpose starts from the date of
transition. Where cash balance benefit credits did not continue until normal retirement,
the Service Prorate was also limited to ten years. In other words, the special ten-year
transition credit had a third attribution rule. Finally, for employees expected to receive
the final-average-pay benefit, a traditional attribution rule was used.

Summary
While it can be assumed that all of the assumptions and methods found in our survey
would fund benefits if given enough time, each funding method will create a different set
of Account Balance Funding Ratios. From an employee or PBGC perspective, it may be
desirable for the active actuarial liability to equal or exceed the sum of the account
balances. However, in an ongoing plan, the anticipated leverage can be realized.
Actuaries need to be aware of how plan design, assumptions, and methods interact.
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SECTION 5: PLAN TERMINATION CONCEPTS AND CONCERNS

The Fallacy of Perpetuity
Actuarial valuations and Schedule B’s are almost always focused on the plans being
ongoing; however, all plans must provide for what will happen when they terminate.
There are some cash balance specific issues, involving both standard and distress termi-
nations, that have not yet been resolved. PBGC rules on distress terminations of cash
balance plans have not yet been established. Questions to ask include:

1. Do cash balance plans tend to be funded at the level of the termination liability?
2. What must be provided if the plan terminates as a standard termination?
3. What does PBGC guarantee?

This section explains what is already known and discusses these issues.

Do Cash Balance Plans Tend to be Funded at the Level of the Termination
Liability?
For both traditional and cash balance plans, the amount of liability depends on whether
the plan is being measured on an on-going or termination basis. For example, on-going
valuations are likely to use a higher interest rate and a salary projection.

When a traditional plan is terminated, liabilities may exceed the ongoing plan liabili-
ties. In addition, traditional plans may present other funding challenges at termination
such as (i) flat dollar or career average pay plans with frequent past service updates and
(ii) plans with shutdown benefits.

When a cash balance plan is terminated, the lump sum account balance may become
available immediately. This total loss of anticipated leverage increases liabilities. If a
plan can be frozen and not terminated this increase can usually be avoided.

Every plan will terminate eventually. If plan termination liabilities are greater than
ongoing actuarial liabilities, the probability of a standard termination is reduced. If the
following conditions were met, a cash balance plan could not terminate as a standard
termination without additional funding:

1. The plan were funded to the level of 100% of the actuarial liability; 
2. Account balances exceed the actuarial liability; and
3. Plan termination liabilities equal account balances.

Does this mean that cash balance plans are more likely to end up at the PBGC than
traditional plans? Traditional final-average-pay plans often have higher plan termination
liabilities than ongoing liabilities due to factors that may include the use of a lower inter-
est assumption or special termination benefits. However, in a final-average-pay plan the
funding for future pay increases offsets some or all of this cost.
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Recent investment returns of 20% per year and surplus assets at the time of conver-
sion to a cash balance plan make it likely that cash balance plans can have enough assets
to cover all lump sum benefits. Interestingly, 53% of the plans surveyed were at the
ERISA Full Funding Limit. However, it seems that when interest leveraging is antici-
pated (interest assumption higher than interest credit assumption), plan funding will
trend toward assets equal to 100% of the actuarial liability and, in the long-term view, the
PBGC may bear a greater risk of taking over the plan. This risk may involve more
administrative problems than actual liabilities since the PBGC should be able to earn
some of the anticipated leverage that the employer did not have the time to enjoy.

What does PBGC Guarantee?
At first one might realize that there is a conflict between the PBGC’s concern to have
plans funded on a termination basis and most employers’ desire to fund on an ongoing
basis recognizing future leverage. However, there is also an internal conflict between
PBGC’s missions of (1) encouraging the continuation and maintenance of private
pension plans and (2) protecting pension benefits in ongoing plans.

It should be understood that the PBGC had trusteed only five cash balance plans by
the end of 1998. How to apply many of the PBGC’s guaranteed benefit rules to tradi-
tional cash balance plans has yet to be decided. However, one long-standing PBGC rule
is that they only guarantee annuities at retirement and not lump sums. PBGC pays lump
sums only in a limited number of situations (mostly those under $5,000). PBGC does pay
annuities at ages below 55 where a plan has a provision such as normal retirement after
30 years of service at any age. PBGC would likely continue annuity payments to an
existing cash balance plan annuitant regardless of age; however, it is not clear whether
PBGC would provide annuities beginning at any age. 

In the earliest cash balance plans, the lump sum account balance was divided by a
person’s life expectancy to provide a variable annuity that would increase both before
and after retirement based on inflation credits. Because the PBGC does not guarantee
cost of living adjustments, the inflation credits might not have been guaranteed in these
original plans. However, almost all current cash balance plans now have future interest
credits built into the definition of the accrued annuity benefit. Therefore, it seems likely
that PBGC will guarantee an annuity based on the current account balance plus future
interest credits.

Assume that a terminated participant age 40 has a vested cash balance account of
$10,000. The plan credits interest based on 1-year Treasury Constant Maturities (at prior
December rate) and annuitizes based on GATT interest and mortality (at prior December
rate). These interest rates for December 1998 would be 4.52% and 5.06% respectively.
For January 1999, PBGC would discount the value of annuities at 5.3% for the first 20
years and 5.25% thereafter. PBGC might value the annuity by bringing the $10,000
account forward (interest only) at 4.52% for 25 years 11 and annuitize at 5.06%. This
would produce an annuity at age 65 of $219.27/month. Discounting back for interest and
no mortality at PBGC rates produces a present value of $8,195. If the plan provided
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immediate lump sums of $10,000, the guaranteed benefit (PBGC Priority Category 4)
would be worth $8,195 and the remaining $1,805 might be a Priority Category 5 or 6
benefit for which the PBGC could try to recover from the employer. However, the miss-
ing $1,805 might not exist as any type of liability because the PBGC does not pay lump
sums above $5,000.

Other problems for the PBGC actuaries arise from this example:

1. How should death benefits be valued?

2. Is the plan sufficient if the $1,805 is not a benefit liability and plan assets fall between 
the $8,195 and $10,000 levels discussed above?

3. Does the PBGC take over the plan (assuming the employer is bankrupt) if assets fall 
between $8,195 and $10,000? If not, what gets paid?

4. Should assumed retirement age (XRA) be equal to current age?

5. What should the PBGC do if the value of the annuity is more than the cash balance 
lump sum?

6. What rate should be credited for interest after the PBGC takes over the plan?

The last two points are particularly relevant to this study. The fifth point is PBGC’s
version of the whipsaw. Even plans that follow IRS Notice 96-8 to avoid the whipsaw in
an ongoing plan can encounter this problem on termination. Had the interest credit in the
prior example been 1% higher, the annuity would have increased and the present value
would have been over $10,000. Will the PBGC really assess, against the plan sponsor, an
unfunded benefit liability claim that is greater than the unfunded account balance?

Should PBGC Set the Interest Credit Rate, Ending the Use of the Plan’s Index? Can
the Rules be Changed to Allow the Plan Document to Provide for this at Plan
Termination (even on a standard termination)?

The issue about what rate should be credited for interest after the PBGC takes over
the plan is very important. In our example, should the rate be fixed at 4.52% or should it
be allowed to float? Allowing it to float also has some administrative complexities for
the PBGC. What if the rate is based on the S&P index? What if the prior year’s S&P
index increased 20%? Or 0%? If employees get to choose the index while the plan is
ongoing, will they be allowed to choose the index after PBGC trustees the plan? Should
PBGC simply set (freeze) the rate to that used to value the benefits at time of termination
(such as 5.3% and 5.25% in our example)? 

The PBGC might look for guidance at how the FDIC deals with interest rates on
certificates of deposit when the depository institution fails [6]. The precedent would reset
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the interest credit to the lesser of the credit rate in effect at the time of plan termination
or the PBGC’s valuation interest rate.

PBGC’s practice is to issue benefit statements showing fixed annuity benefits 12. It
does not show lump sums (>$5,000) because it does not generally pay lump sums. Even
if the IRS allows a cash balance benefit to be definitely determinable with future annu-
ities that float, PBGC might be uncomfortable showing lump sum types of benefit
statements with estimated future annuity benefits. How important is it that PBGC be able
to set the annuity at date of plan termination vs. letting the lump sum and annuity float?

Other Observations
Some have suggested that cash balance plans be allowed to have a provision that would
apply only at plan termination. This would allow the terminating plan to set future inter-
est credits at a fixed rate, such as 5%. The effect would be to establish fixed dollar
annuity benefits at plan termination commencing at any retirement age. For existing
plans, this conflicts with the IRS concept that the interest credit rate cannot be changed
for current account balances.

Even if a plan is sufficient by PBGC’s terms, how is it possible to buy a deferred
annuity if the interest credit is tied to the S&P index? Can the annuity option be limited
to an immediate annuity?

If money is transferred from a 401(k) plan to a cash balance account or used to
purchase an annuity from a cash balance plan, are there any special issues? How would
PBGC’s phase-in rules apply? What priority category is this in? Is it in Priority Category
1 (voluntary contributions) even if not exactly in a separate account? Note that money in
a 401(k) plan is not guaranteed by PBGC and that, while Priority Category 1 is a rela-
tively safe category, it is not guaranteed by PBGC.

Should employees be told they lose the ability to get a lump sum if PBGC ever
trustees the plan?

Current Liability and PBGC Variable Premiums
The Current Liability is used for many purposes including Full Funding Limit calcula-
tions, additional funding requirements and PBGC variable premiums. Generally, cash
balance plans have converted account balances to annuities when determining Current
Liability. Assuming the plan uses the GATT conversion basis and the Current Liability
interest rate is higher 13, this produces a smaller Current Liability than would be produced
by assuming a lump sum form of payment. To the extent that PBGC variable premiums
are based on Current Liability, consider the following:

• Would the Current Liability be better valued if the form of payment were assumed to 
be a lump sum? Or does the fact that PBGC does not guarantee lump sums mean that
the annuity form is more appropriate?
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• Should the rules to determine the PBGC variable premium be changed so that 
adjustments of the Current Liability to the PBGC interest rate basis could be ignored,
and the current account balance (plus any whipsaw) be used for these participants? Is 
this too complicated? Should it be optional?
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SECTION 6: FASB STATEMENT NO. 87 AND CASH BALANCE PLANS

This section looks at special FAS 87 issues that apply to cash balance plans based on
responses to FAS related questions in the survey. Below is a list of relevant points
followed by some survey facts and observations related to embedded features. The first
four points were discussed at the April 1993 Society meeting in San Diego [3]. 

1. The vested benefit obligation (VBO) can be measured as either an immediate 
termination benefit or a benefit at separation. The immediate benefit would be the 
cash balance account and the other measure would likely be a smaller value factoring 
in interest leveraging. Also see point 6.

2. In a cash balance plan there is no single, generally accepted attribution method under 
unit credit. A service proration would likely be acceptable. Alternatively, an annuity 
accrual proration method might also be acceptable. This second method is what we 
have referred to as the PUC Annuity Accrual Method.

3. If ad-hoc interest credits are applied, the full expense may need to be fully recognized 
in that year for FAS purposes.

4. In converting to a cash balance plan some plans use a higher interest rate than the 
GATT 30-year treasury rate. This results in protected benefits issues. For a period of 
years many employees may not accrue any benefits. A curtailment, under FAS 88, is 
the elimination of accruals for some or all years. Some thought should be given to 
curtailment accounting.

5. Paragraph 169 of FAS 87 requires that the substantive plan be valued. For a cash 
balance plan, this means that if an employer plans to provide future bonus interest 
credits, this should be taken into account when determining current PBO and ABO. 
One way to reflect this is by raising the assumed interest credit rate. None of the 
plans surveyed indicated that future plan amendments were included as part of the 
substantive plan, with the possible exception of the plan for California part-time 
teachers. They assume that the valuation interest rate and interest credit rate are equal.
This seems intended to make the plan act like a money purchase plan through special 
interest credits. The California plan is not subject to FAS 87.

6. For many years there has been discussion whether the ABO and VBO should equal 
the account balances or should be a lesser amount based on discounts for anticipated 
leverage and non-vested terminations. The Emerging Issues Task Force Statement 
88-1 allows the VBO to be measured on either basis. One large actuarial firm has a 
formal preference to discount the ABO and VBO. Based on our research (see survey 
in Appendix B), discounting is almost always done. If plan assets are less than the 
ABO, FAS 87 may require employers to create a minimum liability for the shortfall. 
If the account balance were used, minimum liability issues are more likely to arise.
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7. In eight out of 27 plans that provided this information, the ABO equaled the PBO. For 
the other 19, the combination of the attribution rule, plan provisions, and assumptions 
produced a PBO greater than the ABO.

8. Because of the prevalence of lump sum payments, some smaller cash balance plans 
need to consider whether a settlement occurs during the normal operation of the plan. 
This occurs when the lump sum payments exceed the sum of the service cost plus the 
interest cost.

Survey Results
It is common that the funding valuation interest assumption would be higher than the
FAS discount rate and lower than the FAS expected return on plan assets. Most plans
used the same assumption for future interest credits for funding and FAS. The following
is from Figure B.3.

Figure 6.1
Average FAS Assumptions

We found that in 23 of 28 plans the interest credit assumption was the same for both
funding and FAS purposes. The average amount of anticipated leverage was as follows:

Figure 6.2
Anticipated Leverage

Paragraph 44 of FAS 87 defines the discount rate as the rate at which the pension
benefits could be effectively settled. FAS suggests that PBGC rates and yields on high
quality fixed income investments could be used. The average 1.20% anticipated leverage
shown above generally reflects the difference in rates between different qualities of fixed
income investments. Is a 1.20% spread appropriate? The table below shows the spread
between the December Moody’s AA Corporate Bond Yield and 30-Year Treasuries rates
for the last three years.  
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Funding Funding FAS FAS

Investment Interest Credit Credit FAS Discount Return on Plan
Assumption Assumption Assumption Rate Assets

8.42% 6.05% 5.93% 7.27% 9.24%

Leverage in Rates

Valuation Basis 2.22%

FAS Discount Basis 1.20%
FAS Expected Return Basis 3.17%



Figure 6.3
Spread Between AA Bond Yields and 30-Year Treasuries Rates

Treatment of Embedded Features for FAS Purposes

401(k) Transfers: Consider a plan that allows 401(k) transfers to purchase immediate
annuities. Assume the annuity conversion is at GATT rates and the discount rate is higher
than the GATT rate. If such purchases are only recognized when they occur, the amend-
ment generates no past service base and gains are realized as annuities are purchased.

Stochastic Valuations: Some embedded features like minimum interest credits and
equity indexing may be best measured by stochastic valuations; however, like regular
funding valuations, the FAS valuations are all done as deterministic models. There were
no special comments received in the survey that related to risk under FAS valuation
methods that did not also relate to the regular valuation, except that the PBO was not
allowed to be less than the ABO.

Anticipated FAS Leverage for Equity Interest Crediting: If a cash balance plan used an
equity index for interest credits, would negative leveraging be anticipated for FAS
(discount rate less interest credit assumption)? Discount rates may be based on insurance
company annuity contracts. It may be possible to argue that an indexed annuity could be
found with limited negative leverage. One informal discussion indicated that this argu-
ment might not succeed until such a market is established. We leave this as an open issue.

Subsidized Annuities: Some plans with subsidized annuity features appeared to
assume that future GATT rates will be high enough to avoid projected potential whipsaw
issues, allowing the actuary to value the projected account balance by assuming it will
equal the lump sum.

Society of Actuaries Cash Balance Study

41

Dec-97 Dec-98 Dec-99
Moody's AA Corporate Bond Yields 6.98% 6.65% 7.90%

30-Year Treasury Rates 5.99% 5.06% 6.35%
Difference 0.99% 1.59% 1.55%



SECTION 7: ACTUARIAL DISCLOSURE ISSUES

This section contains a discussion of disclosure for actuarial valuation reporting. It
does not consider participant statement disclosures. Our comments focus on identifying
issues related to the types of items that might be disclosed. 

Disclosure of Future Cash Balance Interest Credit Assumption
Most cash balance plans tie their interest credit to an index rate. If employees get to
select the index, an issue develops as to how this would be used to set the assumption for
future credits and how it would be disclosed. For example, consider account balances
tracked in separate sub-accounts for each investment option on an employee-by-
employee basis. Further, the equity fund index is assumed to equal 9% and the money
market fund index is assumed to equal 4.5%. Would the assumed future interest credit be
based on a re-balancing at the end of each year? Would future contribution credits be
allocated in the same proportion as the current account balance?  

Form of Payment Valued
Many actuaries stated that the form of payment valued was an immediate lump sum at
termination of employment. For current liability purposes, the form valued must be an
annuity. Some consideration should be given to stating the form of payment valued for
all purposes.

Annuity Conversion Factors
If lump sum payments are valued and annuity conversions are based on GATT factors,
there may not need to be an assumption for future GATT factors. However, there may be
a need to use assumed future GATT factors for current liability purposes. If a plan uses a
fixed factor or a fixed set of factors, it may be acceptable to include this in the summary
of plan provisions, as it is not an assumption.

Future Match Credits
Some plans provided credits tied to matching 403(b) deferrals. The level of future
matches needs to be disclosed to know what benefits were valued. This may best be
expressed as the level of future employee deferrals as percentage of salary, since the
level of match may vary by age or service. 

PUC Funding Method
Since there is a variety of attribution rules available under the PUC funding method, how
detailed of a disclosure is appropriate? 

Level of Funding
Is it important to disclose the sum of the account balances in order to identify the
amount of leverage that is anticipated? In plans with both cash balance and traditional
formulas in place, how would this work? We recognize that many actuaries already
state that the liabilities at plan termination are not the same as in an ongoing plan. We
also recognize that leverage might be anticipated. Given the relatively low Account
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Balance Funding Ratios in some plans and the fact that readers might assume that the
account balances are equal to the actuarial liability, does this make disclosure of this
number in the actuarial valuation report important? Is this any different than other
termination liabilities in traditional plans?

FAS Disclosure
ASOP #2 discusses recommendations for actuarial communications for FAS 87 and 88.
Part of the concern was that FAS 87 paragraph 18 says: “The accumulated benefit obli-
gation and the vested benefit obligation provide information about the obligation the
employer would have if the plan were discontinued.” IASB had concerns that plan termi-
nation liabilities can be very different and the results might be misinterpreted. We have a
similar concern that some readers will incorrectly assume that (1) the actuarial liability or
ABO equals the sum of the account balances and (2) in plans with a whipsaw feature the
account balance equals the immediate lump sum. This is another reason to think about
disclosing the account balances or some other measure of termination liability.

Other Possible Disclosure Items:
1. Should a statement be included about the likelihood that the employer would need to
continue contributions to the plan if the plan were frozen? Even if 100% funded, this can
be an issue if the actuarial liability is less than the ABO. Examples of when this can
sometimes occur include: (1) when using the PUC pay credit method, (2) when using a
Service Prorate method with a wearaway problem and (3) when the salary scale is
smaller than the interest credit assumption.

2. Should the basis for conversion to an initial account balance be disclosed? Given that
the current account balance includes this amount, it can be argued that this information is
not required. However, should it be included in the summary of plan provisions at least
when the cash balance feature is new and protected accrued benefits may be present?

3. Should actuaries consider disclosing the impact of a 1% change in the interest credit
assumption similar to the FAS 106 disclosure of the effect of changing the medical infla-
tion assumption by 1%?

4. Should actuaries disclose: (1) embedded features in the plan provisions; (2) investment
mix of plan assets; (3) approach to arrive at the assumed real rate of return on invest-
ments and interest credits; and (4) adjustments (if any) to the interest assumption to
reflect the risk associated with embedded features?
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APPENDIX A

DEFINITION OF TERMS

Following are definitions of terms used in this study. Most of the terms have specific
meaning related to cash balance plans. Many are in common use but have no single,
formal definition.

417(e) rates − This refers to the interest rates contained in section 417 of the Internal
Revenue Code. This section specifies the interest and mortality rates to be used to
convert between lump sum and annuity forms of payment in qualified defined benefit
plans. This is also referred to as GATT rates.

Account Balance − A notional value used to communicate to a participant the value of
his accumulated benefit under the plan.

Accumulated Benefit Obligation or ABO − This is a term used in FAS 87. It is an
ongoing measure of liabilities based on current accrued benefits, current service and
current salary levels.

Account Balance Funding Ratio − The ratio of a plan’s actuarial liability to the sum of
the account balances, or immediate lump sum liability if higher.

Actuarial Liability − Defined by the Actuarial Standards Board as “that portion, as
determined by a particular Actuarial Cost Method, of the Actuarial Present Value of
pension plan benefits and expenses that is not provided for by future Normal Cost.” 

Annuity Accrual Method − A Projected Unit Credit method under which normal cost
and actuarial accrued liability is allocated based on the relative weights of the annuity
associated with the cash balance account. Projecting the account balance forward to age
65 with no mortality or salary scale usually develops the annuity.

Cash Balance Plan − A defined benefit pension plan with notional accounts. The benefit
is initially defined as the account lump sum comprised of contribution credits and inter-
est credits. Note: some of the original cash balance plans were more like career average
pay plans with pre and post termination COLA provisions. The benefit accrual was like
the contribution credit and the COLA was like the interest credit.

Embedded Feature − A cash balance plan provision whose consequence depends on
market conditions or future employee elections, and may be difficult to recognize using
standard actuarial valuation methods.

GATT Rate − This is a common name for the 417(e) rate. See definition above.
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Interest Credit − The dollar amount added to the participants’ account balances as a result
of the passage of time. Equals the prior account balance times the interest credit rate.

Interest Credit Rate − The basis used to determine the interest credit to be added to a
cash balance account. This may be tied to an external index such as the yield on 30-year
Treasuries.

IRS Notice 96-8 − This is an IRS notice issued in 1996. It contains safe-harbor rules for
cash balance interest credits that can be used without creating a whipsaw effect.

Leverage − For cash balance plans, leverage is defined as the excess of the investment
return rate on the plan’s assets over the interest credit rate. The actual rate of return on plan
assets is expected to be higher than the interest credit rate because the plan can adopt a
higher level of risk on its investments than can be reflected in the interest credit rate. This
difference can produce an actuarial liability less than the sum of the account balances. 

Match Credit − The dollar amount of employer provided contribution credits added to a
participant’s account and linked to a separate employee contribution. The employee
contributions being matched may be contributed to a separate plan, such as a 403(b) plan.

Normal Cost Ratio − The ratio of a plan’s normal cost to the expected dollar amount of
pay credits for the coming year.

Pay Credit − The dollar amount added to a participant’s account balance for benefit
accrual purposes. Equals pay credit rate times compensation.

Pay Credit Rate − The contribution credit to be added to a participant’s account
balance, expressed as a percentage of compensation. 

Pay Credit Method − A Projected Unit Credit method where normal cost and actuarial
accrued liability are allocated based on a weighting of the pay credit rates.

Projected Benefit Obligation or PBO − This is a term used in FAS 87. It is an ongoing
measure of liabilities based on current service and projected salary levels. See FAS 87
for more details.

Projected Unit Credit or PUC − This is a type of actuarial funding method. Future
salary levels and benefits are projected and then prorated to each year of service using an
attribution rule. 

Service Prorate Method − A Projected Unit Credit method where normal cost and actu-
arial accrued liability are allocated based on a simple service proration where no year of
service has more weighting than another.
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Traditional Unit Credit or TUC − This is a type of actuarial funding method. The
actuarial liability is based on the current accrued benefit. The normal cost is based on
the value of the benefit expected to be earned in the coming year. 

Vested Benefit Obligation or VBO − This is a term used in FAS 87. It is an ongoing
measure of liabilities based on current vested accrued benefits. It is the vested portion of
the ABO.

Whipsaw − The need to pay a lump sum greater than the account balance due to the
need to project the account balance forward and annuitize at rates different than the
417(e) basis for discounting back. 

Wearway − This is a situation where the accrued benefit (expressed as either an annuity
or lump sum) may not benefit from additional benefit accruals for some period of time
due to the protected benefit being higher than the basic cash balance formula. This some-
times happens at or shortly after transition from a traditional plan to a cash balance plan.
Reasons for this occurring include (1) using interest rates higher than current lump sum
rates to establish opening account balances or (2) a decline in GATT lump sum interest
rates after plan conversion.
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APPENDIX B

SURVEY OF CASH BALANCE PLANS

We surveyed the actuarial aspects of the design and valuation of 39 large cash balance
plans. This appendix has four parts: (1) description of the survey process, (2) survey of
plan features, (3) survey of funding methods and assumptions, and (4) detailed results on
pay and interest credits. As is indicated below, not every plan provided complete informa-
tion. For example, not all plans provided information on FAS assumptions. In addition,
not all surveyed items applied to all plans (e.g., FAS 87 did not apply to one governmental
employer). Therefore, some survey topics will not cover all 39 plans.

Part 1: Survey Process
The Society of Actuaries provided us with a list of about 80 cash balance plans. Initially,
we asked plan sponsors to provide information in the form of plan documents and actuar-
ial reports. From these sources we obtained the types of information shown in this
survey. Some plan sponsors did not respond, chose not to participate, or responded to
specific questions but chose not to provide copies of valuation reports or plan docu-
ments. In seven cases we relied on information from 5500 filings or employee
communication material. As a result, these seven plans do not have FAS or certain other
assumption information in this survey. In most cases we followed up on our request with
phone calls to the plan’s actuary to discuss issues such as transition benefits and compli-
cated pay credit provisions. 

Part 2: Survey of Plan Features
The design of features varied widely. Below is a summary of some of the findings followed
by a longer description of the more interesting individual plan features we found.

Number of plans surveyed: 39

Median number of participants covered = 7,991
(49% had over 10,000 and 10% had fewer than 1,000)

As of 1/1/99, average period since cash 
balance feature adopted: 6.17 years 

(Minimum = <1 year, Maximum = 14 years)

Average cash balance interest credit for 1998 = 5.90%
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Number with pay credit that is:

Constant % over career = 13
Based on service only = 10
Based on age only = 6
Based on age and service = 10

Total = 39

Integrated with Social Security (also included in above numbers) = 12
Three plans frozen — no current pay credits (prior pay credit schedule included in
above)

Figure B.1
Range of Pay Credits as a % of pay ($40,000 14 pay in 1999)

Percent with unlimited lump sums at any age = 69% (27 out of 39)

All but two converted from a traditional plan

Percent with special transitional benefits 15 = 51% (20 out of 39)

Embedded features found:

Subsidized option benefit forms 7 out of 39

Accept DC plan transfers for conversion to an annuity 2 out of 39

Interest credits tied to equity index 1 out of 39

403(b) (tax sheltered annuity) match credit 3 out of 39

Other match credit 1 out of 39

Interest Credit > IRS Notice 96-8 safe harbors 6 out of 39

Potential whipsaw (all causes) 12 out of 39
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Employee Employee's Minimum Median Credit Maximum Standard 

Age Service (years) Credit Rate Rate Credit Rate Deviation
25 5 1.00% 3.00% 7.00% 1.5%
35 10 1.00% 4.00% 8.35% 1.6%
45 15 1.00% 5.00% 11.35% 2.0%
55 20 1.00% 6.19% 14.35% 2.6%
65 25 1.00% 6.50% 15.35% 3.0%



Interesting Plan Features
The following four features were found in one plan that was converted to a cash balance
plan in 1998.

1. Investment Options: Investment credits are based on the investment gains or losses of 
the same or similar funds available through the company’s 401(k) plan. There are 11 
different funds ranging from a money market fund to an equity fund. Employees get 
to elect from these options.

2. 401(k) Transfers: Employees were allowed (and encouraged) to transfer most of their 
current 401(k) account balance into the cash balance plan. This appeared to be a 
one-time option. The same investment options were allowed.

3. Investment Guarantee: Because of the possibility of negative returns, there is a 
minimum guarantee that the lump sum will not be less than the sum of (1) the 1998 
starting account balance, (2) any 1998 401(k) plan transfers and (3) future employer 
pay credits. Over time, the value of this guarantee would diminish. 

4. Transition Benefit: There is a transition benefit where certain older or long service 
employees have the old plan formula continue until 2003.

In other plans the following features were found:

• Employees are allowed to make contributions to their account balances. Those that 
made employee contributions were given additional employer provided pay credits. 
Employees were able to start or stop making employee contributions at any time. The 
additional pay credits were not called a match but that is effectively what they were.

• Ongoing 401(k) plan transfers: One plan placed an interesting limitation on transfers. 
An employee could only transfer the account balance at time of retirement if used 
to purchase an immediate annuity and this was only allowed if the total benefit 
(including the cash balance account and 401(k) account) were used to buy an annuity. 
Annuity option factors were based on GATT rates. This is discussed in more detail in 
Section 3 of the report.

• Several had minimum and/or maximum interest credit rates.

• One plan based the pay credits on a target benefit plan type of approach.

• One plan provided an ongoing minimum, floor, final-average-pay benefit.

• 16 plans provided annuity conversion rates tied to GATT or PBGC (417(e)) rates. 14 
plans used fixed annuity conversion factors, including 5 that used fixed factors that 
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did not vary by age. Two plans used floating rates that were not based on 417(e) rates. 
The basis for seven plans was either not provided or was not yet established. 

• One plan limited the lump sum payment to one times pay. The excess was paid as an 
annuity unless the remaining lump sum was less than $30,000 in which case the 
excess could also be paid as a lump sum.

• Some of the plans for hospital employees had a TSA match. 

• Some plans give extra cash balance pay or interest credits for participants at 
transition. Some credits were temporary while others were permanent.

• Some plans covered multiple employee groups, some of whom had cash balance 
benefits while others did not.

• The plan for California part-time teachers required pre-tax employee contributions 
(414(h) pick up feature). 

• One plan has a loan feature.

• Of the plans that were integrated with Social Security, most provided an extra pay 
credit on compensation in excess of one-third to one-half of the Social Security 
Wage Base.

• A few plans did not convert their pre-cash balance traditional benefit to a starting 
account balance. They simply add a prospective account balance to the prior plan 
annuity. One plan restricted the lump sum to the cash balance portion of the plan thus 
requiring the pre-cash balance portion to be paid as an annuity.

Part 3: Survey of Funding Methods and Assumptions
Most plans were funded anticipating interest leverage. We estimated that anticipated
leverage resulted in current actuarial liabilities being 20% to 30% less than the current
account balances.

One plan did not anticipate any leverage in funding. In this plan the normal cost was
determined as the current pay credits. The funding method was described as Traditional
Unit Credit with a 6.5% interest assumption and 6.5% interest credit assumption. Interest
on account balances is credited using 30-year T-Bill rates but excess earnings are used to
provide extra ad-hoc interest credits when a sufficient surplus is generated.
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The following summarizes some of the survey results:

Number of plans surveyed: 38

Number of plans covered by ERISA: 37 of 38

Funding method:

Projected Unit Credit 74% (28 out of 38)
Traditional Unit Credit 8% (3 out of 38)
Entry Age Normal 11% (4 out of 38)
Aggregate 5% (2 out of 38)
Frozen Initial Liability 3% (1 out of 38)

Variations of Projected Unit Credit (see Section 4 and Appendix C for a description of
funding methods). Note: 6 of the 28 plans using PUC did not specify details

Single Service Prorate 73% (16 out of 22)
Multiple Service Prorates 5% (1 out of 22)
Pay Credit Method 23% (5 out of 22)
Annuity Accrual Method 0% (0 out of 22)

Average valuation interest rate = 8.29%
(Min. = 6%, Max. = 9%)

Average salary scale = 5.23%

This survey provided information on the relationship of the salary assumption to the
interest credit assumption in 36 plans. The salary assumption was higher in 6 plans,
equal in 3 plans and lower in 27 plans.

Another area of focus was the interest credit assumption. For instance, if a plan
granted cash balance interest credits based on 30-year Treasury rates, what did the actu-
ary assume the future rate would be on 30-year Treasuries? We asked for this
information on both an IRS funding valuation basis and a FAS basis. On average, the
assumed interest credit rate was 2.22% less than the funding valuation interest assump-
tion and 1.20% less than the FAS 87 discount rate. However, because plans are not
equally generous with their interest credits, we broke the results down into categories
based on which index they used. We focused on the ultimate rate a new employee would
receive, thus ignoring any other rates that might be applied to transition benefits. 

The following table shows the assumed rate of future interest credits. Because some
plans use 52-week Treasuries while others used 52-week Treasuries plus an adjustment
(e.g., +1%), we added a core rate column. The core rate is the assumed interest credit
with that adjustment removed. For a plan that assumes a future interest credit of 6%
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based on 52-week Treasuries plus 1%, the core rate assumption will be 5%. All of the
numbers in the next two charts are assumptions and not actual interest credits or actual
investment returns.

Figure B.2
Future Cash Balance Interest Credit Assumption

Figure B.3
Average Assumptions (excludes plans that did not provide all five assumptions)

Turnover Assumptions
Given the significant impact of turnover on cost, information was also collected on
turnover assumptions. In some cases, there were different assumptions for different
groups of employees within a plan. While select turnover rates were used for many
plans, to simplify our report, select turnover rates were ignored and only ultimate
turnover assumptions for males were summarized. Following is the average ultimate
turnover assumption at ages 25, 40, and 55.

Figure B.4
Average Ultimate Turnover Rates of 26 plans
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Average

Valuation
Basis for Interest Number of Average Minimum Maxium Interest

Credit Plans Core Rate Credit Credit Credit
All plans 38 5.85% 4.00% 7.15% 6.07%
30-year Treasuries 8 6.39% 5.75% 7.00% 6.33%
52-week Treasuries 13 5.87% 5.00% 7.00% 6.17%
Other 17 5.59% 4.00% 7.15% 5.87%

Average Funding

Funding Valuation FAS 87 FAS 87 FAS 87
Basis for Interest Number of Valuation Interest Discount Rate of Interest

Credit Plans Interest Credit Rate Return Credit
All plans 28 8.42% 6.05% 7.27% 9.24% 5.93%

30-year Treasuries 7 8.43% 6.30% 7.44% 9.75% 6.19%

52-week Treasuries 11 8.34% 6.02% 7.23% 9.05% 5.98%

Other 10 8.51% 5.90% 7.20% 9.10% 5.70%

Age Probability
25 12.18%
40 6.00%
55 2.39%



Many plans included select turnover rates. Generally, the lowest cost estimate is
produced using high select turnover prior to vesting (maximizing forfeitures) and low
turnover thereafter (maximizing anticipated leveraging).

Part 4: Pay and Interest Credits Charts
The following charts show some of the individual features and assumptions used.
Individual plans are not identified nor are they in the same order in each figure. Figure
B.5 shows the average pay credit for five different combinations of age and service for
someone earning $40,000 in 1999. The results are sorted from highest to lowest, based
on the simple sum of the five pay credit rates shown. Note that Figures B.5 and B.6 focus
on the benefits offered to a new employee, without prior transition benefits. Employees
in the plan at the time of transition may have higher benefits. In addition, certain other
benefits such as TSA matches and minimum final-average-pay formulas were not
included in Figure B.5. Figure B.6 shows the basis for providing interest credits and the
assumptions used to value them. 
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Figure B.5
Survey of Pay Credits at Various Age/Service combinations:
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Age: 25 35 45 55 65
Years of Service: 5 10 15 20 25

Plan Rank by
Pay Credit

1 6.35% 8.35% 11.35% 14.35% 15.35%
2 7.00% 7.00% 7.00% 7.00% 7.00%
3 3.00% 4.25% 6.50% 10.00% 10.00%
4 4.50% 5.50% 6.50% 7.50% 8.50%
5 3.00% 4.50% 6.00% 9.00% 9.00%
6 5.25% 5.25% 7.00% 7.00% 7.00%
7 3.00% 4.00% 5.00% 7.80% 11.60%
8 6.25% 6.25% 6.25% 6.25% 6.25%
9 6.00% 6.00% 6.00% 6.00% 6.00%
10 3.00% 4.00% 6.00% 7.00% 9.00%
11 4.00% 5.00% 6.00% 7.00% 7.00%
12 2.00% 3.00% 6.00% 8.00% 10.00%
13 1.70% 2.70% 4.60% 8.00% 10.70%
14 3.30% 3.30% 7.00% 7.00% 7.00%
15 4.00% 5.00% 6.00% 6.00% 6.00%
16 3.29% 3.99% 4.99% 6.19% 7.58%
17 3.23% 4.23% 5.23% 6.23% 6.73%
18 2.50% 4.00% 6.00% 6.50% 6.50%
19 2.50% 3.75% 5.00% 6.25% 7.92%
20 5.00% 5.00% 5.00% 5.00% 5.00%
21 3.00% 3.00% 4.00% 5.60% 7.20%
22 3.00% 4.00% 4.00% 5.00% 5.00%
23 4.00% 4.00% 4.00% 4.00% 4.00%
24 4.00% 4.00% 4.00% 4.00% 4.00%
25 4.00% 4.00% 4.00% 4.00% 4.00%
26 3.00% 3.00% 4.00% 4.00% 4.00%
27 2.00% 2.50% 3.50% 4.00% 5.00%
28 3.30% 3.30% 3.30% 3.30% 3.30%
29 2.00% 2.50% 3.00% 4.00% 4.00%
30 2.00% 2.50% 3.00% 3.00% 3.00%
31 1.35% 1.84% 2.45% 3.31% 4.53%
32 2.00% 2.00% 2.00% 2.00% 2.00%
33 1.00% 1.00% 1.00% 1.00% 1.00%
34 1.00% 1.00% 1.00% 1.00% 1.00%

Average = 3.37% 3.93% 4.90% 5.77% 6.36%



Figure B.6
Anticipated Leverage by Index 
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Core Valuation Interest
Interest Margin Interest Credit Anticipated

Credit Basis +/- Minimum Maximum Assumption Assumption Leverage
30-yr Treas. 9.00% 6.11% 2.89%

30-yr Treas. -1.0% 4.0% 7.5% 9.00% 6.00% 3.00%

30-yr Treas. 8.50% 6.50% 2.00%

30-yr Treas. 8.50% 5.75% 2.75%

30-yr Treas. 8.00% 6.75% 1.25%

30-yr Treas. 6.0% 8.00% 6.00% 2.00%

30-yr Treas. 0.5% 5.0% 8.00% 7.00% 1.00%

30-yr Treas. 6.50% 6.50% 0.00%

52-wk Treas. 5.0% 12.0% 9.00% 7.00% 2.00%

52-wk Treas. 9.00% 6.50% 2.50%

52-wk Treas. 8.75% 5.50% 3.25%

52-wk Treas. 1.0% 5.0% 8.50% 7.00% 1.50%

52-wk Treas. 8.50% 6.00% 2.50%

52-wk Treas. 8.50% 6.00% 2.50%

52-wk Treas. 1.0% 8.50% 6.00% 2.50%

52-wk Treas. 8.25% 6.00% 2.25%

52-wk Treas. 8.25% 5.00% 3.25%

52-wk Treas. 8.00% 6.50% 1.50%

52-wk Treas. 6.5% 7.00% 6.50% 0.50%

52-wk Treas. 1.0% 9.00% 6.25% 2.75%

52-wk Treas. 1.0% 8.00% 6.00% 2.00%

6% fixed 9.00% 6.00% 3.00%

6-month Treas. GATT 8.60% 4.50% 4.10%

6-month Treas. 4.0% 6.0% 8.50% 6.00% 2.50%

CPI 4.0% 9.00% 4.00% 5.00%

CPI 4.0% 5.0% 8.00% 5.50% 2.50%

CPI 9.00% 7.00% 2.00%

CPI 7.00% 6.00% 1.00%

Five-yr. Treas 9.00% 6.08% 2.92%

Five-yr. Treas 8.50% 6.00% 2.50%

Five-yr. Treas 1.0% 8.50% 7.00% 1.50%

Fixed 4% 9.00% 4.00% 5.00%

Fixed 6.5% 6.50% 6.50% 0.00%

Fixed 7% 8.00% 7.00% 1.00%

Set annually, 3% min. 3.0% 9.00% 7.00% 2.00%
Set annually, 4% min 4.0% 6.00% 6.00% 0.00%



APPENDIX C

PROJECTED UNIT CREDIT VARIATIONS/SAMPLE LIVES

There are several ways to allocate normal cost using the Projected Unit Credit actuarial
cost method. This appendix contains an illustration of four unit credit attribution methods.
The charts at the end of this Appendix begin with the development of the basic benefit
and present values (Figure C.1). This is followed by separate pages calculating normal
cost and actuarial liabilities for each unit credit attribution method (Figures C.2 − C.5).
The sample life illustration assumes the following and is the basis for the charts in Section
4 of the report.

• Interest Assumption 8%

• Salary Scale = 5.5%

• T-7 turnover with five-year vesting (a variation was also done using T-3 for the
Figures in Section 4)

• Cash balance interest credit rate = 6% (credited at end of year on BOY balance)

• Cash balance pay credit rate = 4% of pay for first ten years and 5% thereafter (other 
variations were also done for some Figures in Section 4)

• Benefit paid as a lump sum at termination of employment (a variation was also done 
assuming payments delayed until age 65 for Table 8 in Section 4)

• Assume that the plan annuitizes at GATT rates and the valuation assumes that the 
future GATT interest rate will be 6.5%. The assumed age 65 GATT annuity factor is 
therefore 10.246. 

• Assume that an employee joins the plan at age 30 with a salary of $30,000

Based on the above the following can be derived:

Service Prorate Method: Figure C.1 shows that the projected account balance at age 65
will be $330,381. Ignoring for a moment the cost of vesting and death benefits, the pres-
ent value of providing this age 65 lump sum benefit is discounted back at 8% for 35
years (0.06763) and for preretirement mortality and turnover (0.14517). This equals
$3,244. Under a Service Prorate method, the first year’s normal cost for the retirement
decrement is 1/35th of this amount or $93. For all decrements the total first year normal
cost is $533. See Figure C.2. It is interesting to note that the retirement decrement
accounted for 17.4% ($93/$533) of the first year’s normal cost and to note the ratio
under other funding methods. 

THE PENSION FORUM

56



Annuity Accrual Method: Next, consider allocating normal cost based on some type of
annuity attribution rule. If a final-average-pay plan gave 1% for the first 20 years and 0%
thereafter, the normal cost attribution rule would be weighted as level for 20 years and
zero thereafter, without looking at salary scales, mortality or other decrements. However,
for a cash balance plan the annuity attributable to each year (at each attribution age from
30 to 64 in our example) would be:

Pay credit rate at attribution age times current salary times [(1+ assumed interest
credit rate) ^ (age 65 − attribution age)]/annuity factor at age 65

If this is calculated at every age it is apparent that some terms do not change.
Therefore the relative attribution amount can be thought of as:

Pay credit rate at attribution age times [(1+ assumed interest credit rate) 
^ (age 65 − attribution age)]

While this is a good simplification, it may not work in real life when there are non-
cash balance transition or minimum benefits.

In Figure C.3 we calculated both of the attribution formulas italicized above. Using the
first method, the annuity values for the first two years are $900 and $849, both payable at
age 65 and both based on a $30,000 salary. The difference of 6% ($900/$849−1) is tied to
the assumed interest credit rate.  To determine the portion of the first year’s normal cost for
the retirement benefit, the $3,244 present value shown above (in the Service Prorate
method) is multiplied by the ratio of $900 to the sum of all annuity credits ($15,536 =
annuity equivalent of projected age 65 account balance with no salary increases). Still
ignoring for a moment the cost of vesting and death benefits, the first year’s normal cost for
the retirement decrement is $188 ($3,244 x $900/$15,536). For all decrements the total first
year normal cost is $756. See Figure C.3. The retirement decrement accounted for 24.9%
($188/$756) of the first year’s normal cost.

The annuity method will tend to increase the back-loading of normal cost (higher in
later years) relative to the Service Prorate method if the following occurs:

• The plan has contribution credits that increase with age and/or service;

• Salary increases are higher than expected; and

• The assumed interest credit assumption (6% in our example) is reduced.
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Some variations that might be questioned include:

• Using interest and mortality to bring the balance forward instead of interest only,
when determining the attribution percentage when using the Annuity Accrual Method.

• Using the valuation interest rate (8% in our example) instead of the assumed interest 
credit assumption (6%) to bring the balance forward when determining the attribution 
percentage when using the Annuity Accrual Method.

Pay Credit Method: This method simply weights the service based on the pay credit
rates. In this example the pay credit rate was 4% for ten years and 5% thereafter. To
determine the portion of the first year’s normal cost for the retirement benefit, the $3,244
present value shown above is multiplied times the ratio of the first year’s credit to all
credits until age 65 (4%/(4% x 10 + 5% x 25) = 4/165). Still ignoring for a moment the
cost of vesting and death benefits, the first year’s normal cost for the retirement decre-
ment is $79. For all decrements the total first year normal cost is $198. If the pay credit
rate does not vary by age or service, this method is the same as the Service Prorate
method. See Figure C.4. The retirement decrement accounted for 39.9% ($79/$198) of
the first year’s normal cost

Traditional Unit Credit Method: Under this method the actuarial liability equals the
current account balance discounted for anticipated leverage and the normal cost is equal
to the current year’s pay credit also discounted for anticipated leverage (Figure C.5).

It is worth noting that the cause of decrement (e.g., death, retirement or quit) is not
significant since the benefit paid is not dependent on the cause. Figure C.5 was designed
to make this point. We recognize that actual plan design might not allow such simplifica-
tion. For example, death benefits might be paid if death occurs before vesting. 

Other Thoughts:

1. There is an issue that arises concerning the determination of the annuity used in 
the attribution rule under the PUC Annuity Accrual method. Often annuities are 
determined at age 65 (normal retirement age). What if a valuation assumes that some 
participants work beyond age 65? Is it appropriate in the attribution ratio to include 
annuities payable at different ages? This can also lead to a discussion that if age 65 
has no significance to the participant, can actuaries value annuities payable at the age 
of decrement for normal cost attribution purposes? 

2. Another important issue concerns how starting account balances should be factored 
into the PUC attribution rules when transitioning from a traditional Defined Benefit 
formula. This is a particular concern when the conversion rate was aggressive (high 
interest rate) and protected annuity benefits may apply for a few years.
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All Column references are at age (x) unless indicated

Selected Formulas for Figure C.1 -Sample Life PVB & EAN Projection

Column Description/Formula
1 Age (x)
6 Cash Balance Account at Age = Col. 6 (x−1) + Col. 7 (x−1) + Col. 8 (x−1)
7 Cash Balance Pay Credit = Col. 4 * Col. 5 
8 Cash Balance Interest Credit = 6% * Col. 6 
16 PVB − Retirement = Col. 6 * Col. 10 * Col. 14 * Col. 15
17 PVB − Turnover = Col. 6 * Col. 9 * Col. 14 * Col. 15; if Col. 2$5; 0 

otherwise.
18 PVB − Death = Col. 6 * Col. 11 * Col. 14 * Col. 15
19 PV Salary at Entry = Col. 4 * Col. 14 * Col. 15
20 If Active PVB in Year of Decrement = (Sum of Col.’s 16 to 18 from 

Age x to 65) * [1/ (Col. 14 (x) * Col. 15 (x))]
21 EAN Normal Cost = 2.82% * Col. 4 (2.82% developed at bottom of 

Col. 18 at Entry Age)
22 EAN Act. Liability = Col. 20 - 2.82% * (Sum of Col. 19 from Age x to 65)

* [1/ (Col. 14 (x) * Col. 15 (x))]

Selected Formulas for Figure C.2 - PUC Service Prorate Method

Note: Fig 1: Col. 16 (x) refers to Column 16 of Figure C.1, at age (x)

Column Description/Formula
2 PUC NC at Entry − Retirement = (Fig 1: Col. 16) * (1/Col. 1 (x))
3 PUC NC at Entry − Turnover = (Fig 1: Col. 17) * (1/Col. 1 (x))
4 PUC NC at Entry − Death = (Fig 1: Col. 18) * (1/Col. 1 (x))
5 Current PUC NC − Retirement = (Sum of Col. 2 from x to 65) * 

{1/ (Fig 1: Col. 14 (x) * Fig 1: Col. 15 (x)}
6 Current PUC NC − Turnover = Same as 5 but uses

(Sum of Col.3 from x to 65)
7 Current PUC NC − Death = Same as 5 but uses 

(Sum of Col. 4 from x to 65)
9 Current PUC AL − Retirement = Col. 5 * Col. 1
10 Current PUC AL − Turnover = Col. 6 * Col. 1
11 Current PUC AL − Death = Col. 7 * Col. 1
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Selected Formulas for Figure C.3 - PUC Annuity Accrual Method

Column Description/Formula
1 EOY Annuity at Age 65 from Deposit = Fig. 1: Col. 4 (30) * 

Fig. 1 : Col. 5 (x) * (1.06 (65 − (x)) /ä65(12))
Note: ä65(12) is based on 6.5% GATT Mortality and is the Assumed 
Annuity Conversion Basis.

2 Weighted Service Attribution (NC Payments) = Col. 1 (x) / Col. 1 (64)
5 PUC NC at Entry Age − Retirement = Fig. 1 Col. 16 (x) * 

Col. 2 (30)/(Sum of Col. 2 from 30 to x−1)
6 PUC NC at Entry Age − Turnover = Same as 5 but uses Fig. 1 Col. 17 (x)
7 PUC NC at Entry Age − Death = Same as 5 but uses Fig. 1 Col. 18 (x)
8 Current PUC NC − Retirement = Sum of Col. 5 from x to 65 *

1/(Fig. 1 Col. 14 (x) * Fig. 1 Col. 15 (x)) * [Col. 2 (x)/Col. 2 (30)]
9 Current PUC NC − Turnover = Same as 8 but uses Sum of Col. 6 

from x to 65
10 Current PUC NC − Death = Same as 8 but uses Sum of Col. 7 from x to 65
12 Current PUC AL − Retirement = Sum of Col. 5 from x to 65 * 

1/(Fig. 1 Col. 14 (x) * Fig. 1 Col. 15 (x)) * 
[Sum of Col. 2 from 30 to (x-1)/Col. 2 (30)]

13 Current PUC AL − Turnover = Same as 12 but uses Sum of Col. 6 
from x to 65

14 Current PUC AL − Turnover = Same as 12 but uses Sum of Col. 7 
from x to 65

Selected Formulas for Figure C.4 −− PUC Pay Credit Method

Column Description/Formula
2 Weighted Service Attribution (NC Payments) = Col. 1 (x)/Col. 1 (30)
3 PUC NC at Entry Age − Retirement = Fig. 1 Col. 16 (x) * 

Col. 2 (30)/(Sum of Col. 2 from 30 to x−1)
4 PUC NC at Entry Age − Turnover = Same as 5 but uses Fig. 1 Col. 17 (x)
5 PUC NC at Entry Age − Death = Same as 5 but uses Fig. 1 Col. 18 (x)
6 Current PUC NC − Retirement = Sum of Col. 3 from x to 65 * 

1/(Fig. 1 Col. 14 (x) * Fig. 1 Col. 15 (x)) * Col. 2 (x)
7 Current PUC NC − Turnover = Same as 6 but uses Sum of Col. 4 

from x to 65
8 Current PUC NC − Death = Same as 6 but uses Sum of Col. 5 from x to 65
9 Current PUC AL − Retirement = Col. 6 (x) * Sum of Col. 2 from 30 to 

(x-1)/Col. 2 (x)
10 Current PUC AL − Turnover = Same as 9 but uses Col. 7 instead of Col. 6
11 Current PUC AL − Death = Same as 9 but uses Col. 8 instead of Col. 6
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Selected Formulas for Figure C.5 - Traditional Unit Credit Method

Column Description/Formula
8 TUC NC = Col. 1 (x) * {SumProduct of Col. 4-7 from (x+1) to 65}/

[Col. 3 (x) * Col. 6 (x) * Col. 7(x)]
9 TUC AL = Col. 2 (x) * {SumProduct of Col. 4-7 from (x) to 65}/

[Col. 3 (x) * Col. 6 (x) * Col. 7(x)]

Note: SumProduct is a Microsoft Excel function
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APPENDIX D

MONTE CARLO METHODOLOGY

Figures 3.4 - 3.9 represent the results of our Monte Carlo simulation of the difference
between the expected fund investment results and the assumed interest credit rate. We
ran one thousand 20-year simulations. In each, we were calculating the average amount
of leverage over 1 to 20 year periods.

Investment experience from 1926-1998 was used in all but one of the graphs, which
used experience from 1979-1998. The basic investment data used for the period 1979-
1998 is shown in columns (a) - (c) below. Column (d) is defined below.

Both (a) and (b) are assumed to be representative of asset classes used for investments
and (c) is assumed to be the interest credit basis. The return in column (c) is income only
and does not include any appreciation or depreciation. The leverage in column (d) is {.7
x (a) + .3 x (b)} − (c) and was used for Figure 3.4. This assumed a 70/30 investment mix
and interest credit tied to income on long-term government securities.
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Year
(a)

S&P 500 TR
(b)

LT Gov
(c)

LT Gov
(d)

 %Total Return  Total Return  Income  Leverage  
1979 18.44% -1.23% 8.86% 3.68%
1980 32.42% -3.95% 9.97% 11.54%
1981 -4.91% 1.86% 11.55% -14.43%
1982 21.41% 40.36% 13.50% 13.59%
1983 22.51% 0.65% 10.38% 5.57%
1984 6.27% 15.48% 11.74% -2.71%
1985 32.16% 30.97% 11.25% 20.55%
1986 18.47% 24.53% 8.98% 11.31%
1987 5.23% -2.71% 7.92% -5.07%
1988 16.81% 9.67% 8.97% 5.70%
1989 31.49% 18.11% 8.81% 18.67%
1990 -3.17% 6.18% 8.19% -8.56%
1991 30.55% 19.30% 8.22% 18.95%
1992 7.67% 8.05% 7.26% 0.52%
1993 9.99% 18.24% 7.17% 5.29%
1994 1.31% -7.77% 6.59% -8.01%
1995 37.43% 31.67% 7.60% 28.10%
1996 23.07% -0.93% 6.18% 9.69%
1997 33.36% 15.85% 6.64% 21.47%
1998 28.58% 13.06% 5.83% 18.10%

Average 1979 - 1998 18.45% 11.87% 8.78% 7.70%

Average 1926 - 1998 13.17% 5.70% 5.20% 5.73%



If the first three random years selected were 1980, 1985 and 1990, the average lever-
aged return was assumed to be [1.1154 x 1.2055 x (1−.0856)] ^ (1/3) −1 = 7.13%.

Generally, the median line starts near the median for the years being considered (e.g.
1926-1998) and trends downward toward the geometric mean. Changes in asset classes
and historical time frames can materially change the results. Long-term government
investment returns in (b) and (c) came from Ibbotson Associates [4]. This is used in lieu
of 30-year Treasuries data, which could not be obtained back to 1926.
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FOOTNOTES

1) Items that are defined in Appendix A appear in bold type the first time that they 
are used.

2) Lump sum at IRS mandated 417(e) rates are probably higher.

3) Only includes plans with the same core basis, but excludes those with a minimum.

4) Equals Plan’s (9% interest − 7% Interest Credit) − other 52-week plans’
(8.48% interest − 5.98% Interest Credit)

5) Incorporates the 0.5% margin.

6) Implies plan not relying on IRS Notice 96-8 and is paying lump sums equal to 
Account Balance.

7) Used in lieu of 30-year Treasuries since return information back to 1926 is not 
available on 30-year Treasuries [4].

8) For methods like Aggregate, this measure is not very useful. However, for the 
Traditional Unit Credit or the Current Liability, it provides a very interesting 
demonstration of anticipated leverage.

9) T-3 and T-7 refer to Crocker-Sarason turnover tables. T-3 has lower rates of 
turnover than T-7.

10) The TUC ratio would have been less than the Service Prorate ratio if the salary 
scale (5.5%) had been more than the Interest Credit Assumption (6%).

11) PBGC actually uses assumed retirement ages (XRAs) and not normal 
retirement age.

12) Usually deferred annuities

13) This statement ignores differences in mortality.

14) A pay level is used to help capture the integration found in some of the plans.

15) Benefit other than conversion of accrued benefit to lump sum starting Account 
Balance based on regular lump sum basis. Examples include continuing old 
formula for employees over age 55.
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The OASDI from a Canadian Perspective

Review by Bernard Dussault of the 2000 Trustees Report on the OASDI

Introduction and Executive Summary
The production of reliable long-term financial projections on social security programs
(SSP) such as the OASDI rest on the availability of three main items: input valuation
data, methodology and assumptions. Therefore, the results of such projections make
sense to the extent that the underlying ingredients do. This review of the 2000 Trustees
report puts emphasis on the actuarial evaluation assumptions, methodology and results,
though a short and last section is devoted to some policy-related suggestions.

Assumptions make general sense. However, an analysis of their internal consistency
reveals that they are somewhat optimistic. Internal consistency procedures are suggested
and an embryonic model is offered.

The valuation methodology needs to be described in a more layman language and in
more detail, and the underlying basic approach might benefit from some revamping. A
simple alternative formula is presented for examination of its appropriateness.

The analysis of the main results is incomplete as it only refers to the baby boomers.
The projected aging of the population results mainly from sustained lower fertility rates
(baby bust) and to a lesser extent to assumed sustained mortality declines. The baby
boomers are not much involved in the aging process. The temporary demographic fluctu-
ation they represent merely adds a slight contribution, from about 2010 to 2040, with a
peak in about 2025, to the permanent aging process that was launched sometime ago by
declining mortality rates and more importantly about 1990 when the baby busters started
joining the labor force.

The 75-year actuarial deficit is a weak template for the solution of the financing issue
caused by the projected population aging. More robust measures are required to address
both the financial and social equity issues that lie ahead of the current and future cohorts
of contributors to the OASDI. The 1997 reform to the Canada Pension Plan is presented
as a template for such robust measures.

1. Assumptions
When one is asked to comment on a Trustees report, the first and easiest target area 
of discussion is normally assumptions because of their intrinsic nature. Indeed, no 
one knows the future. Fortunately, the effect of the wide range of possible ultimate
assumptions is quite attenuated on the long run by:
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• The fact that it is their relative rather than absolute value that really counts in the case 
of pension valuations (e.g. high absolute values of 20% and 24% for the inflation 
and investment return on assets, respectively have the same effect on the (cost) 
contribution rate of a pension plan as absolute values of 0% and 3.333%);

• Extreme values for a given ultimate assumption cannot be selected without also
imputing a somewhat neutralizing extreme value to one or more of the other key 
ultimate assumptions involved in the valuation process. For example, it would not be 
reasonable to assume a high productivity rate of 5% without considering in parallel 
higher mortality declines and lower disability incidence rates, as healthier economic 
conditions are normally associated with healthier human beings.

Generally speaking, the process for selecting the assumptions for the Trustees reports
is refined and sophisticated. And these are quite voluble in providing some rationale for
the selection of the nominal value of assumptions. However, those reports would gain
much in professional and scientific value if they would provide some rationale on the
relationship or correlation between the various economic and demographic assumptions
wherever such relationship can be proven to exist. Eventual research and development in
that area might show that the effect of extreme case scenarios have a somewhat limited
effect on valuation results. Moreover, in that sense, the selection of the traditional low,
medium and high cost estimates could thereby possibly be done on a less arbitrary basis.
Until this is done, it can only be concluded that the selection of assumptions lacks some
internal consistency. The effect of such internal inconsistency is that the assumptions
would tend to be somewhat optimistic for the following two main reasons:

• In reference to the second bullet above, assumed productivity levels (1.5%, 1.0% 
and 0.5% for the low, medium and high cost estimates, respectively) appear to be 
incommensurate with the assumed annual rates of decline in mortality (0.2%, 0.7% 
and 1.2%, respectively), as the recent 40-year experience for these two factors is 1.1% 
for productivity and about 1.15% for mortality declines. Besides, consistency would 
require that longevity improvements decrease, rather than increase, as productivity 
decreases.

• The report is totally silent about the critical point made in several instances by Robert
Brown, e.g. in his Research Report “A Demographer’s Review of the Assumptions 
Underlying the Trustees Report,” published in 1995, to the effect that the projected 
rapid aging of the population over the next 30 years, and in particular the dramatic 
associated increase in age dependency ratios, is bound to increase inflation during that 
period, as consumption (or demand for goods, which will be reinforced by the higher 
retirement pension income applicable during the 21st century) will increase faster 
than production (or supply of goods).

Another example of correlating assumptions would be the demographic and the
production (or economic growth) increases, the underlying theory being that annual vari-
ations in the amounts of products and services (or more simply in the national payroll or
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employment earnings) would tend in the long run to parallel those in the total population.
Canadian data for 1925 to 1995 show some striking evidence in that sense. It would be
interesting to see how, on average in the long run, the projected annual U.S. population
increase compares with the annual increases in total covered earnings projected for
OASDI purposes. The report actually fails to examine and discuss the internal consis-
tency of the increase in total covered earnings. This parameter, which essentially
corresponds to the economic growth rate for a program covering most of the national
payroll, results from compounding the average wage increase with the annual increase in
participation to the plan. In turn, most of the annual increase in participation in the plan
corresponds to the projected annual demographic increase, as constant proportions of
contributors are usually assumed for the whole projection period and as additions to the
population are usually assumed to participate to the program in unchanged proportions.
However, the other factors could, but only temporarily, alter the projected increase in
total covered earnings, and these are the degree of compliance with participation in the
program and the changes in employment rates. The matter of compliance is not covered
in the Report. It should. On the other hand, some changes in employment rates are
explicitly assumed for the future in terms of some relatively small gradual decreases.

Several other relationships would also exist between the various economic and demo-
graphic assumptions involved in the valuation of a SSP. In that connection, an embryonic
model of what a rationale could look like for the relationship between the three key ulti-
mate economic assumptions (inflation, wage increase and interest) is presented. For
simplicity, productivity (herein defined as the difference between the nominal increase in
average wages and inflation) and real return on assets are identified hereafter using as an
approximation the arithmetic basis rather than the theoretically correct geometric basis.

As projections for SSPs are for the long-term, assumptions have to be determined in a
manner consistent with the automatic adjustments that appear to take place in the macro-
economy over the long run (e.g. 50 years or more). In that sense, the return on assets
should normally be greater than the annual nominal increase in average wages, which in
turn should be greater than inflation. Here is why. For the general case where the econ-
omy is projected to evolve on a wealthy basis, some productivity is presumed. For
developed countries, productivity would usually be thought or hoped to be at least 1%. It
would and could be higher for developing countries due to the room available for closing
the gap between developed and developing economies. If inflation were assumed at 3%,
then the annual nominal wage increase would be at least 4%. If the return on assets were
assumed at 5%, still with inflation at 3%, real interest would be 2%, which is not incon-
sistent or unrealistic per se. However, in countries where income is taxed, the real
interest would normally have to be at least equal to inflation grossed up for income taxes
in order to account for the eroding effect of income taxes on investment income. With a
marginal tax rate of 40%, this would mean that the nominal return should be assumed to
be at least 5%, i.e. 3% divided by the complement of 40%. For a 50% marginal tax rate,
the grossed up rate would be 6%. In other words, investment earnings are eroded by both
inflation and income taxes and would normally be higher than the sum of those two
factors. Under the above scenario, the absolute return on assets would accordingly have
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to be higher than 6% for a presumed marginal tax rate of 50%. Return at 7%, wage
increase at 4% and inflation 3% would accordingly be a sensible set of key economic
assumptions. Coming back to the very starting point, which is inflation, the assumed ulti-
mate level of inflation (3%) is irrelevant. Relevant relationships start out with
productivity, and then progress on to the real return on assets and the others.

As a practical application of the above rationale, let us look at both the relevant expe-
rience data presented in the 2000 Trustees Report for 1960 to 1999 and the selected
ultimate assumptions. The simple historical arithmetic average for inflation, wage
increase and interest rate over that period is 4.4%, 5.5% and 7.3%, respectively. This
means an average productivity rate of 1.1% and a real rate of return of 2.9%. In line with
the above rationale, the real return would be associated with a marginal tax rate of 40%.
Regarding the ultimate assumptions selected for the intermediate cost scenario in the
Trustees Report, the starting point, ultimate inflation, is assumed at 3.3%. Then, ultimate
wage increases are assumed at 4.3%, representing an underlying productivity rate of 1%.
And finally, the ultimate nominal level of return on assets is assumed at 6.3%. This
represents a real rate of return of 3% and an associated marginal tax rate of 48%.

There happens to be much correlation between the embryonic rationale described
above, the actual 1960-1999 experience as well as the 2000 Trustees Report ultimate
assumptions. There are several possible reasons for that. One could be pure coincidence.
At another extreme, it would be that the above rationale is of great scientific reliability
and that assumptions of the 2000 Trustees report have been selected using on a strict
basis that above rationale. In any event, the main conclusions are that a rationale should
be used for the selection of assumptions (which is likely actually the case) and that such
rationale should be disclosed in the Report.

Let us now look at how the embryonic rationale correlate with the ultimate assumptions
adopted for both the low and the high cost estimate. For the low cost estimate, ultimate
assumptions are 2.3%, 3.8% and 6.0% for inflation, wage increase and interest, respec-
tively. This means a productivity rate of 1.5% and a real rate of return of 3.7%, for an
underlying marginal tax rate of 62% or a return premium of 1.4% assuming a marginal tax
rate of 50% (2.3%/0.5 +1.4% = 6.0%). This is not lacking any reasonableness or common
sense because in the long term productivity may well be at 1.5% (versus 1% for the inter-
mediate cost estimate), as it has actually been on average over the last 60 to 70 years.
Likewise, real return may well exceed to some extent inflation grossed up by a deemed
marginal tax rate of 50%. However, this would be more easily expected for a fund invested
in a diversified portfolio than for one exclusively constituted of government bonds. In that
sense, it would appear that the low cost scenario is somewhat overly optimistic as long as
investments will be restricted to government bonds and that life could hardly be better on
average in the long run. For the high cost estimate, ultimate assumptions are 4.3%, 4.8%
and 6.5% for inflation, wage increase and interest, respectively. This means a productivity
rate of 0.5% and a real rate of return of 2.2%, for an underlying marginal tax rate of 34%.
Again, these make sense, except that the real rate of return would appear to be unrealisti-
cally low considering the relatively low underlying marginal tax rate.
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Still, one also has to investigate the correlation between productivity and real return
on investments, in other words between the nominal the nominal wage increase and the
nominal interest rate. If such correlation exists in the long term, then it should be docu-
mented and disclosed. The 1960-1999 experience shows a differential of about 1.75%
between real return and productivity. The corresponding ultimate values assumed for the
report are 2.2%, 2.0% and 1.7% for the low, intermediate and high cost scenarios,
respectively. This implies a rationale whereby higher productivity would be associated
with even higher returns on investments. This reflects an environment where productiv-
ity gains are shared less and less equally between workers and investors with increasing
economic growth. In real life, this may well be the case. As an extreme case, wage
increases could remain low or unchanged despite high real returns if most business prof-
its would be reinvested rather than split to some extent between salary increases and
investments. This might well be a driving factor in the 21st century consistent with the
globalization of markets.

As a general conclusion of the above discussion of assumptions, it is fair to say that
the assumptions of the 2000 Trustees Report make sense but that they tend to be some-
what optimistic. Moreover, the rationale presented for their selection, although refined
and sophisticated, should go beyond a mere justification based on observed past experi-
ence. In that sense, past economic and demographic experience should be investigated
further in order to deal appropriately with the correlation between various assumptions.
The selection of assumptions could then be made, taking into account their internal
consistency, on a more valid and explicit basis.

2. Methodology
• Basic valuation approach

Because of the very large number of people and the long-term future involved in the 
valuation of SSP, macrosimulation is normally used as the projection approach. 
Contrary to microsimulation, which deals with individuals, macrosimulation deals 
with numbers of people by age, gender, and calendar year.

Despite their lesser complexity, macrosimulation models still present material
challenges of their own, typical ones being numbers of people eligible to benefits,
pattern of individual earnings over the contribution period, etc. The main drawback
with macrosimulation, very rarely disclosed, is that the underlying mathematical
projection approach is accurate (to the extent of the selected assumptions) only in
connection with some inevitable implicit assumptions underlying the approach. For
Canada’s SSP’s, the methodology is coded in ACTUCAN. The CPP model is used for
the statutory valuation of the Canada Pension Plan purposes. ACTUCAN encom-
passes only one simple (and luckily sensible) implicit assumption where contributors
dying before retirement are implicitly deemed, in respect of each calendar year until
their death, having employment earnings equal to the average earnings of the birth-
cohort to whom they belong. This is disclosed, but not demonstrated in the section on
methodology of the actuarial reports on the CPP. The general projection approach
used for the CPP does not rely whatsoever on numbers. Indeed, proportions rather
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than numbers are explicitly projected. Total covered earnings and benefits are accord-
ingly projected at once for each age-gender-year cohort. The basic general formula
for the average initial retirement benefit factor BENFAC for any given age-gender-
year cohort is:

BENFAC = ratio of
• The sum, for each year over the contributory period, of the products of the 

proportions of contributors by the average covered (pensionable, differing from 
contributory) employment earnings, to

• The contributory period.

Surprisingly enough, multiplying BENFAC by the benefit replacement rate (namely
25%), and by the population at the appropriate retirement age, produces the correct
answer for the annual retirement benefit of the that age-gender year cohort before further
adjustments can account for some social adequacy-related provisions of the CPP. This
includes its three “drop-out” provisions that disregard some years of lowest earnings for
benefit calculation purposes. One of the fundamental reasons for this mathematical accu-
racy is that eligibility for the CPP retirement pension rests simply on having contributed
at least one year to the program. However, this correct answer needs further adjustment
before it can be accounted for social adequacy-related provisions of the CPP.

Due to the progressive nature of the OASDI retirement benefit formula, microsimula-
tion is used for the projection of benefits. However, microsimulated results need to be
validated using the validated results of a parallel macrosimulation projection model. SSA
valuation actuaries should examine whether that “BENFAC” mechanism could not be
properly applied to the OASDI valuation approach, being well understood that a new
series of adjustment factors would need to be developed to account for the OASDI’s own
social adequacy-related and other special provisions. That is crucial because other meth-
ods are more complex; because it is likely not possible to identify the hidden implicit
assumptions they encompass; because, even worse, it is not possible to determine the
extent of their inaccuracy. In any event, the Trustees reports should disclose these
matters of fact.

• Description
The Trustees reports would gain in professional and public credibility if the 
description of the valuation methodology were described in a more layman language 
and in more detail. One structural change that could help in that respect would be 
to fully segregate, as done in the actuarial reports on the CPP, the description of
methodology from the description of assumptions.
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• Validation
Again, credibility would be gained if the SSA actuarial valuation team went through 
the exercise of backdating the actual start of the projection in order to verify that the 
valuation model replicates accurately results of the past. This would represent a major 
endeavor. Such algorithm was put in place about 10 years ago in the CPP ACTUCAN 
model and has so far proven to be a very helpful tool for methodology improvements 
and refinements purposes. 

• GDP, labor force participation rates and unemployment rates
The Trustees report is not clear regarding how the GDP, labor force participation 
(LBFPR) rates and unemployment rates are projected and used. This area of 
methodology description is commingled with a reference to proportions of 
contributors (PROCON) to the program. Either, but not both, of these two series of 
variables needs to be used for the simulation of employment earnings. As explicit 
approaches have to be preferred to implicit ones, an exclusive “PROCON” approach 
should be adopted. A LBFPR approach is implicit in that such rates, as well as 
unemployment rates, are available only on an instantaneous basis, while PROCON 
values are the accurate average annual values explicitly required for the proper 
simulation of employment earnings. LBRPR instantaneous values cannot be 
accurately converted to an annual basis. Therefore, the reports should be clearer 
regarding the exact and explicit or implicit role of the GDP, labor force participation 
rates and unemployment rates within the valuation process. Still, these parameters are 
not expressly required for the valuation process. Moreover, although the GDP is a 
nice concept, its measurements appear distorted and inaccurate. Indeed, as nothing 
gets produced within the controlled economy other than through the payment of 
salaries, why is it that GDP values always amount to about twice the total national 
payroll?

3. Presentation of results
The main reason given in the report for the large projected increase in the paygo rates
over the next 30 years is the baby-boomers. But it must be understood that the baby-
boomers merely correspond to a temporary demographic fluctuation. The projected
ultimate aging of the population and the resulting ultimate paygo cost increases stem
mainly, besides the less impacting projected longevity improvements, from the drop in
fertility rates started in the late 1960s and their sustained low values assumed for the
future. This should not come as a surprise as most populations of the world are aging,
while baby boomers are strictly a North American phenomenon. The baby-boomers
merely add a slight contribution, from about 2010 to 2040, with a peak around 2025, to
the permanent aging process, measured using age dependency ratios, that was actually
launched sometime ago by declining mortality rates and more importantly about 1990
when the baby-busters started joining the labor force. If it were not for the baby busters,
the rise in age dependency ratios after 2010 would be practically negligible for these
reasons listed in the following paragraph on page 80. 
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Fertility rates reached a peak of about 4 during the baby boomers years. Fertility rates
have rapidly dropped below 2 after 1965, and are not assumed to exceed that level under
intermediate assumptions. In that sense, 3 can reasonably be regarded as a standard fertil-
ity level. Boomers correspond to a temporary period of fertility at an average level of 3.5
(arithmetic mean of 3 and 4), i.e. exceeding by only 0.5 the standard level of 3. Busters
correspond to a permanent fertility rate of 2 or less, i.e. a cut of at least 1 from the stan-
dard level of 3. Moreover, the effect of variations in fertility rates on age dependency
ratios shrinks with increases in the fertility rates, which further reduces the effect of
boomers on age dependency ratios. It would be convenient if one could eventually model
historical population figures with a removal of the baby boomers (by assuming such a
standard fertility rate of 3). Then one would see a very meager difference between the
age dependency ratios of the “ modeled without” and the “historical with” boomers
populations, respectively, after 2010.

Due to legal requirements, the Trustees reports must include two rather distinct series
of projections, i.e. short-range and long-range estimates. This is unduly confusing as the
short-range estimates already encompassed by the long-range estimates presented in a
given report for costing purposes should not be allowed to differ from a distinct set of
short-range estimates presented in the same report for accounting or budgeting purposes.

In a related vein, the 75-year actuarial balance test is unduly misleading and somewhat
useless except for the involved actuarial deficit calculation. Its estimate is interesting as it
indicates that a level contribution rate of 14.3%, i.e. the present contribution rate of 12.4%
plus the actuarial deficit of 1.9%, would prevent a depletion of the fund for the next 75
years. However, that level contribution rate would require a further material increase of
about 4% at the expiration of that period, which would bring it close to 18%. The Trustees
Report should accordingly disclose the projected pay-as-you-go rate that would apply for a
certain number of years (one year would be minimal but valuable information) after the 75-
year period. A good alternative to the 75-year actuarial balance test would consist of
measuring the level contribution rate over a longer period, e.g. 100 years, that would
support the payments of all expenditures over that period of time as well as the mainte-
nance of a larger minimum contingency fund equivalent to a multiple of the current annual
expenditure, such as four to six years. Any increase in the current target fund/benefit ratio
of one would reduce accordingly the resulting ultimate contribution rate. That ultimate
contribution rate would have the advantage of being practically good forever, except for the
low and gradual effect of longevity improvements.

4. Intragenerational inequities, Intergenerational equity, Funding and
Reform Opportunity
The report should build further on its good discussion of fund/benefit ratios by providing
information on funding. For example, the fund/benefit ratio for a fully funded plan is
about 30 times the current annual expenditure, i.e. about the arithmetic mean of the
contributory and benefits periods.
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Funding is an unavoidable subject matter in the financial valuation of a SSP, as the
impact of the applicable financing approach, be it pure paygo or quasi paygo (partial
funding), can be properly assessed and understood only in reference to the full funding
approach. The least reason for referring to the full funding approach is that the readership
ought to be clearly informed about the differences in terms of social rationale and finan-
cial impact between paygo financing generally applying to social pension plans and full
funding imposed on private plans.

Equity and fairness issues are involved here and the public disclosure of their finan-
cial assessment in the Trustees reports should be a trivial requirement. Do actuaries have
to be reminded that the rationale underlying the mathematics of actuarial funding is indi-
vidual equity? Compared to private pensions plans, social pensions programs provide
some legitimate social adequacy-related benefits that need not be financed on a pure
intragenerational individual equity basis. But why should the transfer of any part of those
legitimate intragenerational individual inequities to future generations be allowed? In
other words, the unavoidable inequities induced by social adequacy measures should be
allocated on an equitable basis from one generation to the next. Intergenerational
inequities should be avoided. That objective cannot be met without funding.

All of this would mean that no SSP should be implemented on a basis other than full
funding. This has not happened. Is it not amazing that funding easily looks inappropriate
for a publicly sponsored national pension plan only until it would be privatized?
Correcting the intergenerational inequities that have actually ensued would induce further
but much lesser inequities. This does not mean that nothing should or could be done.
There is an opportunity to attenuate the level of inequities that will anyway be carried
indefinitely forward to future generations as long as those inequities are not fully
corrected. Such opportunity was seized in Canada through the 1997 reform of the CPP.
Benefits were reduced by about 10%. Future emerging cash flows will be invested in a
diversified portfolio rather than exclusively in provincial securities. Contribution rate
increases are accelerated until 2003, leading to a higher funding ratio, at which time a
steady-state rate of 9.9% is envisioned for the rest of the 21st century. Without the reform,
future generations were projected to contribute at a rate of about 12.5% after 2030. The
CPP reform therefore represents a relative contribution rate reduction close to 20%.

In the Conclusion of their report, the Trustees “urge that the long-range deficits of the
OASI and DI funds be addressed in a timely way”. However, more than the long-range
deficits need to be addressed. As discussed above, in connection with the 1997 CPP
reform, social equity would compel an increase in the OASDI contribution rate beyond
the floor level represented by a mere addition of the actuarial deficit of 1.9% to the exist-
ing 12.4% contribution rate, for a total of 14.3%. That would no longer be a workable
rate beyond year 2075. Simple arithmetic indicates that slightly higher rate of 14.7%
might be workable practically for ever provided changes similar to those of the 1997
CPP reform, i.e. 10% benefit reductions and investments into a diversified portfolio,
would also be introduced to the OASDI program.

The OASDI from a Canadian Perspective
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PROCEDURE FOR PREPARING ARTICLES FOR

THE PENSION FORUM

P ension Section News is intended as a medium for the timely exchange of ideas and
information of interest to pension actuaries. The Pension Forum is for the publica-
tion of full papers and is issued on an ad hoc basis by the Pension Section.

All articles will include a by-line (name, with title and employer, if you wish) to give
you full credit for your effort. The Pension Forum is pleased to publish articles in a
second language if a translation is provided by the author.

So that we can efficiently handle articles and papers, please use the following format
when submitting articles and papers to either Pension Section News or the Pension Forum.

Mail articles on diskette using either ASCII or Microsoft Word files, or send
scannable copy, i.e, typed copy that is single-spaced with 72-character lines. Headlines
are typed upper and lower case. Carriage returns are put in only at the end of paragraphs.
The right-hand margin is not justified.

If this is not clear or you must submit in another manner, please call Joe Adduci (847-
706-3548) at the Society of Actuaries for help.

Please send a copy of article (hard copy only) to:

Daniel M. Arnold, FSA
Hooker & Holcombe, Inc.
65 LaSalle Road
West Hartford, CT  06107
Phone: (860) 521-8400
Fax: (860) 521-3742
E-mail: danarnold@hhconsultants.com

Please send original hard copy and diskette to:

Joseph B. Adduci
Integrated Communications
Society of Actuaries
475 N. Martingale Road, Suite 800
Schaumburg, IL  60173-2226
Phone: (847) 706-3548
Fax: (847) 273-8548
E-mail: jadduci@soa.org
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