
June 2003, Issue No. 53

THE FINANCIAL REPORTER
THE NEWSLETTER OF THE LIFE INSURANCE COMPANY FINANCIAL REPORTING SECTION

PUBLISHED IN SCHAUMBURG, IL BY THE SOCIETY OF ACTUARIES

A t the AICPA 2002 National
Conference on Current SEC
Developments, the SEC staff
announced their views that certain

reinsurance agreements, such as modified coin-
surance arrangements (modco), under which
the ceding company retains the underlying
assets and the reinsurer receives an invest-
ment return based on that underlying refer-
enced pool of assets, contain an embedded
derivative that must be accounted for in accor-
dance with Statement of Financial Accounting
Standards No. 133, Accounting for Derivative
Instruments and Hedging Activities (FAS 133).

In January 2003, the FASB announced that
it would clarify this interpretation of FAS 133
in a derivative implementation group (DIG)
Issue. On April 10, 2003, the FASB posted the
cleared DIG Issue No. B36, Embedded
Derivatives: Modified Coinsurance Arrange-
ments and Debt Instruments That Incorporate
Credit Risk Exposures That Are Unrelated or
Only Partially Related to the Creditworthiness
of the Obligor under Those Instruments. DIG
B36 is effective for the first fiscal quarter begin-
ning after September 15, 2003.

DIG B36 includes an example of a modified
coinsurance arrangement that includes an
embedded derivative that must be identified
and accounted for separately from the debt host
at fair value, provided that the reinsurance
arrangement is not already accounted for at
fair value. This bifurcation would be necessary
by both the ceding company and the assuming
company.

DIG B36 requires application of the inter-
pretation to both existing and future modco and
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D uring the hot breakfast at last
year’s annual meeting in Boston,
we conducted a survey of the
members present, seeking to find

out what the council has done well and where
we can do better. With a surplus of over
$400,000, the section is well positioned to sup-
port a number of possible projects, and it is the
intent of the council to use the membership’s
feedback to determine how to prioritize possible
endeavors. We received over 50 responses with
very positive feedback on what the council has
done, and some helpful recommendations on
what the council can do going forward.

Some of the highlights from the survey
responses include:
• High marks for the section’s newsletter,

The Financial Reporter

• The majority of respondents have not yet 
visited the section’s Web site

• Approximately 50 percent of respondents 
indicated that they have enrolled in the 
section’s list serves

• The majority of respondents indicated that 
online education would be valuable.

In addition to these general comments, we
also received a wide range of suggestions on
possible research topics, seminars, online edu-
cation topics, and webcasts. The section council
reviewed these suggestions during our meeting
in January as part of our goal setting process,
and determined that it would be helpful to
share the list of possible projects with the mem-
bership and get your feedback. Possible projects
discussed by the council include:
• Research on mortality improvement

• Periodic webcasts about current events in 
the financial reporting area

• Co-sponsoring seminars with other profes-
sional organizations (e.g. AICPA).

Borrowing a page from the Futurism sec-
tion, the council would like to use the feedback
in a Delphi-type study, which involves sharing
many of the responses that we receive from the
membership and, in turn, getting responses
about the responses to ensure that we are ade-
quately addressing the needs of our member-
ship. We therefore have posted a survey on the
section’s Web site that lists possible projects, as
suggested in our initial survey, and asks
respondents to indicate their strength of inter-
est in having the council move forward with
each.

Upon considering the possible projects, it is
important to recognize the mission of the sec-
tion, which is “to encourage and facilitate the
professional development of its members
through activities such as meetings, seminars,
research studies, and the generation and dis-
semination of literature in the field of life insur-
ance company financial reporting.” We therefore
ask that you consider your developmental
needs, what medium would be most effective for
you to meet these needs and how we can
improve upon our traditional approaches.

Please visit the section’s Web site and
complete the online survey—I am sure that
you will be impressed with the list of possible
projects. �

The Chairperson’s Corner

Feedback Needed!
by John F. Bevacqua
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A s new editor of the section’s
newsletter, I have recently experi-
enced my first, full-day meeting of
the section council, which consists

of the leaders of the Financial Reporting
Section. I generally avoid meetings whenever
possible, and I don't have a habit of thinking
about meetings that I don’t have to attend, but
I was curious about what happens at a meeting
of the section council. If you don’t have a bit of
that curiosity also, you may want to move on to
another article now.

This article is not a cover for a presentation
of the minutes, and I am making no attempt to
be even-handed. I’m going to take the liberty of
writing about what I thought was most inter-
esting and breeze by the rest.

We met around a long table in a nice air-
port hotel in Chicago during a cold wave in
January (which seems like a bizarre time for
financial reporting actuaries to meet). The
meeting lasted from 10:00 a.m. until 3:30 p.m.
The council works very congenially, which does
not at all mean that there is unanimity. When
we arrived, in front of each of us was a multi-
page summary of a survey of the members of
various SOA sections. This is an excellent
method of keeping early arrivers from getting
restless and troublesome—it sure worked on
me!

Early in the meeting we discussed the
results of the survey that was taken at the sec-
tion’s hot breakfast meeting at the annual
meeting in Boston. The council is very interest-
ed in input from section members and takes
seriously its responsibility to act on behalf of
the members and to serve the members.
Periodically throughout the meeting, we
desired more information about how the section
as a whole feels about a matter. As you receive
requests for feedback from the section in the
future, please respond! Of course, having infor-
mation does not always indicate a direction. For

example, we know that some people think that
2001 CSO has been beaten to death at meet-
ings; others want more sessions on 2001 CSO.
Such is the nature of a group of people.

We had a lengthy discussion about goals for
the section for the year. One of the first sugges-
tions was to promote more interest in the sec-
tion. We also discussed a desire to update the
GAAP textbook, which has been a huge success,
to include important topics that have emerged
since its publication. We discussed topics for
seminars that the section might sponsor during
the year, and the possibility of having a period-
ic (if not quarterly) financial reporting update
webcast. And the list went on.

We discussed progress on preparing for the
financial reporting sessions at the spring meet-
ing and picked topics for the financial reporting
sessions at the annual meeting.

We discussed various liaisons, more semi-
nars, various funding requests, the newsletter,
etc. The council gives very serious thought to
funding requests. You can be assured that the
sense of fiduciary responsibility is very strong
in this group.

For anyone who wonders why _____ was
not mentioned as one of the primary topics of
the meeting, I have several responses. First, I
have not attempted to be complete, objective, or
balanced in what I have written. Second, and
most importantly, I suggest communicating
your feelings with the section council members.
They are listed on page two of this newsletter.
Your communication will be taken seriously,
and it might change the future.

I was very impressed with what this small
number of people does. They deserve our
thanks and our help. �

- Jerry

Letter From the Editor

A Fly on the Wall: What Is a Meeting of the
Financial Reporting Section Council Like?
by Jerry Enoch
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similar arrangements for quarters beginning
after September 15, 2003, which, for calendar
year companies, means that compliance must
begin with the upcoming year-end statements.

This article examines the characteristics of
modified coinsurance and similar arrangements,
which may result in the presence of an embedded
derivative. It reviews the criteria that must be
satisfied in order for an instrument to be consid-
ered an embedded derivative under FAS 133 and,
finally, presents some of the considerations nec-
essary to properly account for the embedded
modco derivative according to FAS 133.

MODIFIED COINSURANCE AND SIMILAR

ARRANGEMENTS

Under modco arrangements the reinsurer
participates, on a pro-rata basis, in all premi-
ums and benefits from the underlying
contracts. The ceding company retains
control of the invested assets necessary to
support the reserves for the underlying
contracts. The reinsurer funds the statutory
reserves on the reinsured portion of the risks
through the modco reserve adjustment. The
ceding company credits interest to the rein-
surer on the statutory reserves at the modco
interest rate.

It is useful to think of modco as consisting
of traditional coinsurance of the risks, com-
bined with a loan from the reinsurer to the ced-
ing company. The loan balance is maintained at
an amount equal to statutory reserves via the
modco reserve adjustment, and the loan inter-
est rate is the modco interest rate. Using this
interpretation, the reinsurer’s balance sheet
would show both a reserve for future policy ben-
efits and also a “funds withheld asset” equal to
the loan balance. The ceding company’s balance
sheet would show a reserve liability to the poli-
cyholder, invested assets in the underlying
portfolio, a reserve recoverable from reinsurers
asset, and a “funds withheld liability” equal to
the loan balance:

Direct Writer

Assets Liabilities
Invested Assets Reserve
Reserve Recoverable Loan (FWA)

Reinsurer

Assets Liabilities
Loan (FWA) Reserve

In most modco arrangements in the
United States, the modco interest rate is equal
to the earned interest rate on the underlying
portfolio of invested assets, which are typical-
ly held in a trust, or some other legally segre-
gated portfolio, or is based on the ceding com-
pany’s return on general account assets. The
reason for this is that this approach will
assure transfer of investment risk and allow
the arrangement to qualify for reinsurance
accounting (for the ceding company) under
NAIC rules.

It is precisely this situation, when the rein-
surance arrangement provides for sharing of
investment results on a referenced pool of
assets, that is the concern of DIG B36. The con-
clusion is that, to the extent the investment
return includes credit risk beyond the counter-
party credit risk of the ceding/assuming compa-
ny, or other risks not clearly and closely related
to the funds withheld asset/liability, the
arrangement will include an embedded deriva-
tive. In order to see how this conclusion is
reached, it is necessary to understand the crite-
ria under FAS 133 for a particular instrument
to qualify as an embedded derivative.

FAS 133 EMBEDDED

DERIVATIVE CRITERIA

A financial instrument that contains an
embedded derivative is called a hybrid instru-
ment, which consists of a host contract and
the embedded derivative. In order to be
considered an embedded derivative, the
following criteria must be met:

1. The embedded derivative must qualify as a 
derivative as defined in paragraph 6 of FAS 
133. The following required characteristics 
of a derivative are described in paragraph 6:

� There must be an underlying and/or a
notional. Usually, the value of the 
embedded derivative is determined 
from the application of the underlying 

Embedded Derivatives ... | from page 1
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to the amount of the notional. In the 
case of a modco arrangement, the 
notional is the funds withheld 
asset/liability, and the underlying is 
the return on the referenced pool of 
assets (i.e., the modco interest rate).

� At inception, there must be no or 
insignificant required net invest-
ment in the embedded derivative.

� Investment cash flows must be net 
settled in cash at each settlement 
date defined in the contract.

2. The economic characteristics and risks of 
the embedded derivative must not be 
clearly and closely related to the economic 
characteristics and risks of the host.

DIG B36 indicates that if the return on the 
underlying portfolio includes credit risk 
associated with the issuers of the underly-
ing securities, this credit risk is to be 
distinguished from the credit risk of the 
ceding company (the counter-party risk),
and this prevents the embedded cash flows 
from being clearly and closely related to 
the debt host (the funds withheld 
asset/liability) issued by the ceding 
company. The DIG reads: “The risk expo-
sure of the ceding company’s general 
account assets or its securities portfolio is 
not clearly and closely related to the risk 
exposure arising from the overall credit
worthiness of the ceding company, which is 
also affected by other factors.
Consequently, the economic characteristics 
and risks of the embedded derivative 
instrument are not clearly and closely 
related to the economic characteristics and 
risks of the debt host contract.”

It should be noted that this treatment of 
credit risk is very different than the treat-
ment of interest rate risk. Regarding 
interest rate risk, FAS 133, paragraph 61,
suggests that when an embedded deriva-
tive related to interest rate risk exists and 
the host contract is a debt instrument,
then in most cases the risks and charac-
teristics of the embedded derivative are 
considered to be clearly and closely related 
to the risks and characteristics of the debt 
host.

3. The hybrid instrument is not carried at 
fair value under otherwise generally 
accepted accounting principles, with 
changes in the fair value of the instru-
ment reported in earnings at each report-
ing period.

The conclusion of DIG B36 is that many
modco arrangements contain an embedded
credit derivative. For these, it will be neces-
sary to bifurcate the funds withheld asset/lia-
bility (the hybrid instrument) into the embed-
ded credit derivative and the host contract.
Once the embedded derivative is identified
and separated, it should be recorded as an
asset/liability, and changes in its fair value
should be recorded in GAAP earnings.

BIFURCATION OF THE FUNDS WITHHELD

INTO THE CREDIT DERIVATIVE AND THE

HOST CONTRACT

The funds withheld (FW) provide a return based
on the modco interest rate, which is earned on a
notional amount equal to the statutory reserves.
The modco interest rate, which is the return on
the referenced pool of assets, may be thought of
as consisting of a risk-free rate of return plus a
spread for the credit risk associated with the
issuers of the securities in the referenced pool of
assets. Therefore, at any point in time the
market value of the FW asset (from the rein-
surer’s point of view) is the market value of a
risk-free asset with the same cash flows as the
FW less the discount for the credit risk associ-
ated with the issuers of the securities in the
reference pool. In particular, at the inception of
the reinsurance arrangement there is an antici-
pated level of default activity that has been
reflected in the determination of this discount
for credit risk. This suggests that variations in
this anticipated level of credit risk should be
reflected in changes in the value of the embed-
ded derivative.

Said another way, there is a “baseline”
level of anticipated credit risk associated with
the FW asset. As long as this baseline does not
change, the value of the embedded derivative
should not change. In subsequent periods the
fair value of the embedded derivative may
become positive or negative, reflecting devia-
tions from the baseline in anticipated default
experience. In subsequent periods the fair
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value of the embedded derivative will reflect
changes in the anticipated cash flows from the
FW asset that occur because of credit quality
changes in the reference pool.

The host contract would therefore be a
“credit risk free” asset with the same antici-
pated cash flows as the FW asset. These antic-
ipated cash flows would reflect the baseline
level of default activity in the reference pool.
The embedded derivative represents the risk
associated with changes from the baseline.

To illustrate these points, the following
section contains a simple example based on
the modco reinsurance of a five-year SPDA
contract, with underlying investments all in
five-year zero coupon bonds. This example
suggests that one approach to determining the
fair value of the embedded derivative may be
based on discounting projected cash flows of
the FW asset. The very broad subject of fair
value accounting is well beyond the scope of

this article. For an excellent discussion of prin-
ciples of fair valuation of liabilities in an
insurance context, some practical techniques,
and a very good list of references on these top-
ics, the reader is referred to the American
Academy of Actuaries public policy mono-
graph, Fair Valuation of Insurance Liabilities:
Principles and Methods, published in
September 2002.

A SIMPLE EXAMPLE

The example is based on a five-year SPDA
with investments made in five-year zero
coupon bonds, assumed to yield 4.75 percent.
Credited interest is anticipated to be 4
percent. There is a 3 percent commission and
a surrender charge of 4 percent graded out to
0 percent on any withdrawals. Withdrawal
rates are assumed to be zero percent in year

continued on page 8
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2 - - 10,400 416 541 10,275 9,967

4 - - 9,618 385 1,500 8,502 8,417

1 10,000 300 10,000 400 - 10,400 9,984

3 - - 10,275 411 1,069 9,618 9,425

5 - - 8,502 340 8,842 - -

Table 1

BOY Interest EOY EOY CSV

Year Deposit Commission Fund Credited Withdrawals Fund =Stat Res

1 9,700 461 - 177 9,984

3 9,967 473 1,047 (32) 9,425

5 8,417 400 8,842 (25) -

2 9,984 474 525 (33) 9,967

4 9,425 448 1,485 (29) 8,417

Table 2

4.75%

BOY Investment Assets EOY

Year Assets Income Surrenders Transferred Assets



one, 5 percent in year two, 10 percent in year
three, 15 percent in year four and 100 percent
at the end of year five. The following table
(Table 1) shows the anticipated fund develop-
ment for a single deposit of $10,000.

Deposits net of commissions are assumed
to be invested in zero coupon bonds yielding
4.75 percent. The direct writing company will
maintain assets backing the business equal to
the statutory reserves, with any excess trans-
ferred to surplus. Table 3 shows the cash flows
from assets, which are anticipated at incep-
tion. Investment income represents accrual of
discount, and the 4.75 percent rate is assumed
to be adjusted for anticipated defaults. The
assets transferred represent the adjustment to
assets in the reference pool to maintain a bal-
ance equal to statutory reserves.

The FW asset is always balanced to equal
the statutory reserves. Table 4 shows the
development of the anticipated FW asset cash
flows. The cash flow is equal to assets
released, which are equal to the surrenders
plus assets transferred from Table 2.

Now let us assume that, at the end of year
one, the anticipated default experience on the
reference pool of bonds has deteriorated, to the

extent that the expected return is now 4.5 per-
cent, rather than 4.75 percent. Assume also
that no other anticipated assumptions have
changed (withdrawal rates, credited interest).
We can now project the cash flows from the FW
assets under the anticipated experience at the
end of year one as follows in Table 4.

The present value of FW asset cash flows
at the end of year one, reflecting the revised
anticipated default experience is now 9,899.
The present value of FW assets cash flows at
the end of year one, based on the baseline
default experience, is $9,984. This suggests
that an estimate of the value of the embedded
derivative is given by the difference, or $9,899
– $9,984 = (85).

In this example, the present values were
taken at 4.75 percent. Appropriate discount
rates to use in estimates of fair value based on
discounted cash flows is beyond the scope of
this article. Again, the reader is referred to the
Academy’s public policy monograph, Fair
Valuation of Insurance Liabilities: Principles
and Method for discussions about this issue.

Two additional observations related to this
example should be made. First, in our simple
example we assumed that during year one
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2 9,984 474 9,967 (491) 525 (33)

4 9,425 448 8,417 (1,456) 1,485 (29)

1 10,000 300 9,700 461 9,984 9,523 - 177

3 9,967 473 9,425 (1,015) 1,047 (32)

5 8,417 400 - (8,817) 8,842 (25)

Table 3

BOY Mod ModCo EOY Mod Modco Net

Year Deposits Allowance Co Res Interest Co Res Adjustment Surrenders Settlement

1 9,700 461 177 9,984 177

0 (9,700)

3 9,967 473 1,015 9,425 1,015

5 8,417 400 8,817 - 8,817

2 9,984 474 491 9,967 491

4 9,425 448 1,456 8,417 1,456

Table 4

BOY FW Investment Assets EOY FW Asset

Year Assets Income Released FW Assets Cash Flow
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FSA, MAAA, is senior
manager at KPMG
LLP in Chicago, Ill. 
He can be reached at
rhbrowne@kpmg.
com

there were no changes in anticipated product
experience with respect to persistency or cred-
iting strategy. If in fact these factors had
changed, it would be necessary to re-determine
the baseline scenario to reflect the current per-
sistency or crediting expectations, but with the
original anticipated default experience. To see
why this is true, note that if the anticipated
default experience does not change, the value of
the embedded derivative should not change
even if the other factors do change. Also, the
baseline scenario would need to be updated to
true up for actual inventory changes during the
first year.

Second, under most modco arrangements,
the ceding company has the ability to move
assets in and out of the reference pool, subject
to certain asset type and quality restraints, as
long as the book value of the assets is main-
tained equal to the statutory reserves. Such
asset movements will cause shifts in the antic-
ipated FW asset cash flows resulting from
changes in anticipated default activity within
the investment constraints. These would also
need to be reflected in the estimate of the value
of the embedded derivative.

WHAT IS THE HOST CONTRACT?

Some public comment about the proposed
DIG has concerned the question about
whether the host contract is really a debt
instrument that appropriately belongs under
the scope of FAS 133. These arguments would
contend that the host contract is the entire
reinsurance contract and any associated
segregated asset agreements. Indeed, the two
final observations made in the preceding
section show how the cash flows under the
host are intricately related to the underlying

policy behavior that is transferred via the
reinsurance agreement and to the asset
balancing allowed within investment
constraints. Whether this view will gain favor
with the SEC remains to be seen.

OTHER SIMILAR SITUATIONS

It is possible that the guidance in DIG B36
may be generalized or expanded to include
similar insurance and reinsurance situations.
Whenever an insurance or reinsurance
contract provides for a total return based on a
referenced pool of assets on a guaranteed
basis, it will be necessary to analyze the
instruments carefully to determine whether
embedded derivatives exist. Possible examples
that come to mind include any participating
business that provides for a total return on a
referenced pool of assets, and perhaps
contracts with experience rating formulas that
provide a total return to the contract holder.

CONCLUSION

DIG B36 interpretation will be effective in
2003. Therefore, both ceding and assuming
companies should be taking inventory of their
modco reinsurance treaties, their coinsurance/
funds withheld treaties and similar arrange-
ments, and reaching conclusions about the
presence of embedded derivatives. It should be
noted that coinsurance/fund withheld type
treaties are similar to modco arrangements and
would also be included within the scope of DIG
B36. Implementation of accounting for embed-
ded modco derivatives will consume significant
time and resources, and will introduce new
elements of volatility in GAAP income. �

Embedded Derivatives...

0 - - - - -

2 9,984 449 466 9,967 466 -

4 9,425 424 1,432 8,417 1,432 -

1 - - - 9,984 - 9,899

3 9,967 449 990 9,425 990 -

5 8,417 379 8,796 - -8,796 -

Table 5

BOY FW Investment Assets EOY FW FW Asset PV Asset

Year Asset Income Released Asset Cash Flow Cash Flows



R
ecently there has been a number
of articles detailing large losses
and accelerated DAC amortiza-
tion of equity-driven products.

This has confirmed that better methods are
required, both to value these product lines and
to set capital requirements. Recognizing this,
the Life Risk Based Capital Working Group of
the NAIC (LRBCWG) asked for a recommended
capital standard from the American Academy of
Actuaries (AAA). In response, the Life Capital
Adequacy Subcommittee’s C-3 Work Group (the
Work Group), chaired by Bob Brown, formulat-
ed an approach for setting regulatory risk-
based capital requirements for variable prod-
ucts with guarantees. This recommendation
excludes index guarantees and has been
dubbed RBC C-3 Phase II.

The Work Group presented its recommen-
dations to the LRBCWG in December 2002
and is currently evaluating comment letters
reacting to the recommendation. This article
presents the current recommendations of the
Work Group. Although the final requirements
will probably differ somewhat from what is
presented here, disseminating this informa-
tion will allow a broader group of actuaries to
influence the process and prepare for the
eventual regulation.

Actuaries that work with annuity products
may recall Phase I of this project. It uses inter-
est rate scenarios to stress test single premium
life insurance and fixed annuities, using a com-
pany’s actual mix of assets and liabilities. In
both phases of this project, an attempt is made
to overcome the shortcomings of the factor-
based approach to risk-based capital. No com-
pany’s block of business is “average.” Using a
company’s actual mix of business and running
a broad range of scenarios will develop a com-
pany-specific distribution of risk exposures.

While the primary purpose of this project is
to develop capital requirements, the same
methodologies are appropriate for pricing and
risk management of many product lines. A sep-
arate Academy group is focusing on the appro-
priate methodology to use for statutory
reserves of equity-driven products. While there
are many issues (taxes, guideline versus law,
etc.) that arise only for reserves, both groups
are very aware of the savings in time and effort
if the respective methods can be supported by
the same modeling effort. A follow-up article is
planned to address the work being done by the
reserve group.

It is expected that the new capital require-
ments will be effective for year-end 2004. New
reserve requirements may be effective that
soon, but will likely come later. The rest of this
article will provide an overview of the recom-
mended methodology.

GENERAL DESCRIPTION

The approach that the Work Group has recom-
mended uses a modified conditional tail
expectation (CTE) measure. Actuarial certifica-
tion of results will be required. Modeling
hedges is allowed if the insurer is following a
clearly defined hedging strategy. It is expected
that a conservative factor approach, instead of
scenario analysis, will be allowed for minimum
guaranteed death benefit (MGDB) blocks.

WHAT PRODUCTS ARE COVERED?

The focus of this project has been on variable
annuity products. This is due primarily to the
non-diversifiable nature of equity risk when
combined with death benefit and living bene-
fit guarantees common to these products. For
example, an MGDB option might guarantee a
death benefit that accumulates (or rolls up)

Current AAA Recommendation for 
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the initial premium at 5 percent per year.
With negative results for the most recent
three consecutive years in most equity
markets, current net amounts at risk might
forecast a significant probability of large
future losses at some companies. The Work
Group’s goal is to better recognize that risk
and provide an early warning.

While equity-indexed products are outside
the scope of this recommendation, the Work
Group recommendation initially included vari-
able life products if doing so would increase
RBC. The reserve work group, however, is not
currently considering variable life products,
and additional discussions to maintain consis-
tency are ongoing.

SCENARIOS

Companies are encouraged to use their own
models to generate fund returns, but must cali-
brate to assumptions based on historical
returns. Using pre-determined historical peri-
ods to define calibration points will allow
proprietary models while maintaining compa-
rability between companies. Much of the work
so far has used Regime Switching Log Normal
(RSLN) models. An RSLN model developed by
Dr. Mary Hardy, ASA, FIA at the University of
Waterloo is available for educational purposes
on the SOA Web site at www.soa.org/research/
rsemw.html. These models assume that, most
of the time, equity returns follow a distribution
that can be described as stable, with moderate
volatility. However, in order to describe the
reality of a fat tail, an unstable, high-volatility
distribution is needed. From period to period,
the model jumps from one regime to the other
using a Markov process. Two-regime versions
of these models describe the major American
and Canadian equity indices quite well.

REQUIRED CAPITAL

The RBC requirement recommended is the 90
CTE (modified) value plus the starting value of
the tested liabilities, minus the reserve held.
For each scenario, the greatest present value of
the negative statutory surplus at all future

calendar year-ends during the projection
period is calculated for the entire book of
covered business. Results for all scenarios are
then sorted for use in the modified CTE
methodology.

The recommendation combines these
results with the common stock component (C-
1cs) of the RBC covariance formula.

MODIFIED CTE METHODOLOGY

While the modified CTE measure is new to
many actuaries, the jump is a short one if
distributions of results have been used in the
past for analysis. It helps to consider an exam-
ple. Take a distribution of 100 scenarios where
the sorted results range from –3 to 96, with
each incremental result one higher than the
one previous. (Think of it as a series from 1 to
100 with each scenario result being four less
than the corresponding scenario number, or
y=x-4.) Let’s assume the tail we are interested
in is the worst 10 percent; in this case, the
worst 10 scenarios. This is how CTE 90 and
modified CTE 90 are defined. In this example

continued on page 12



the worst 10 results are -3, -2, -1, 0,…,6. The
CTE 90 result is the average of all these
results, or +1.5 (15/10). In the modified CTE 90
methodology, any positive results are counted
as 0, so the result is -0.6 (-6/10). You would
hold 0.6 units beyond the starting value of the
tested liabilities to calculate required assets
(statutory reserves plus capital). This method
allows a separate result generated from the
same distribution of results (e.g., modified CTE
60) to define statutory reserves.

ASSUMPTIONS

Discussion continues regarding the use of
prudent best-estimate assumptions. The modi-
fied CTE methodology provides a basis for
determining conservatism that is not available
today in point estimate reserves. This will
require a paradigm shift for many practition-
ers. Depending on the combination of policy
features being valued and the degree of in-the-
moneyness at the valuation date, a
conservative assumption (e.g., lapses) might be
higher or lower than the best estimate. Best-
estimate assumptions should be used in the
models. However, when the direction of conser-
vatism is known and actual experience is not
credible, the actuary should lean toward
conservatism.

TERMINOLOGY

Several terms in the recommendation might be
new to the practicing actuary. A glossary is
included in the Work Group’s paper, but here is
a head start, using examples to define the
terms.

• Gross wealth ratio—Using a five-year hori-
zon, if the gross wealth ratio is 1.10, then 
the fund has grown by 10 percent over the 
five-year period (before expenses).
Similarly, a 0.6 ratio means that the fund 
is now worth 60 percent of its original 
value. A ratio of 1.0 means the value at the 

end of five years is the same as it was at 
the beginning. It does not mean there have 
been no fluctuations along the way.

• MGDB (minimum guaranteed death bene-
fit)—If a product guarantees a death bene-
fit that could be larger than the surrender 
value due to fund performance, then the 
contract features an MGDB.

• VAGLB (variable annuity guaranteed 
living benefit)—This product feature guar-
antees a minimum surrender value, matu-
rity value or income benefit at specified 
election dates while the policyholder is 
living.

OTHER SOURCES OF INFORMATION

The Work Group’s recommendation can be
found at www.actuary.org/pdf/life/rbc_
16dec02.pdf. The Canadian Institute of
Actuaries (CIA) published a paper that
provides a good methodology resource. It
reports the work of the CIA Task Force on
Segregated Fund Investment Guarantees and
is available as one of the appendices to the
above paper.
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T he insurance industry
in the United States
went through an active
merger and acquisition

era from the late 1980s until the mid-
1990s. Accordingly, much guidance was
written about how to prepare purchase
GAAP (PGAAP) financial statements for
SFAS 97 universal life type policies and
SFAS 60 traditional life policies in accor-
dance with the United States Generally
Accepted Accounting Principles. Merger
and acquisition activities seldom
involved equity-indexed annuities
(EIA), because these policies were first
developed in the mid-1990s. As SFAS 133
provides primarily for GAAP account-
ing guidance for EIA policies, previ-
ously established PGAAP rules for
SFAS 97 policies may not be strict-
ly applicable to purchased EIA
policies. In particular, the most
challenging items for preparing
PGAAP financial statements for EIAs are
(i) the initial PGAAP reserves and (ii) the
proper bifurcation of the initial PGAAP
reserves into the initial value of the host con-
tract and the fair value of the embedded deriv-
atives of the purchased EIA policies. The first
item is essential for preparing PGAAP financial
statements at the purchase date. The second
item is necessary for determining PGAAP
reserves for the purchased EIA policies in sub-
sequent reporting periods.

For illustrative purposes, assume that
Company B (the assuming company) purchased
a closed block of EIA policies from Company S
(the ceding company) using a 100 percent coin-
surance treaty. For simplicity, also assume that
there is no unearned revenue liability for the
assumed EIA policies. For Company B, the ini-
tial PGAAP balance sheet of the assumed busi-
ness may be stated as follows:

Assets Liabilities and Equity

Invested Assets PGAAP Reserves (GAAPV)

Deferred Tax Assets (DTA) Deferred Tax Liabilities (DTL)

Value of Business 

Acquired (VOBA) Equity (E)

Total Assets Total Liabilities and Equity

The PGAAP equity at the purchase date is
the purchase price. Goodwill is zero, because the
purchased block is a closed block and there are
no new EIA policies. The value of the invested
assets at the purchase date is the market value
of the transferred assets. The initial book value
of the assets, after the transfer, equals the statu-
tory reserves of the assumed policies. Values of
invested assets in future periods will be report-
ed at either book or market, depending on
Company B’s classifications of these transferred

Editor’s Note: The section’s GAAP
List Serve would be an appropri-
ate forum for discussing concepts
in this article.

continued on page 14



assets under SFAS 115. As the value of
DTL/DTA depends on the initial PGAAP
reserves and initial VOBA, one may
complete the initial PGAAP balance
sheet of the purchased policies by
determining either the initial PGAAP
benefit reserves or the initial VOBA.

(I) DETERMINING INITIAL
PGAAP RESERVE

The Define Initial Reserve Method (DIR) is a
widely used method for assumed SFAS 60 poli-
cies. The initial PGAAP reserves for assumed
SFAS 60 policies are determined in accordance
with the assuming company’s GAAP assump-
tions for the assumed policies as of the
purchase date. For policies subject to FAS 97,
paragraph 17 of SFAS 97 provides specific
guidance for determining GAAP reserves for
either directly written or assumed universal
life type policies. For most cases, the initial
PGAAP reserves are the account balances.
Thus, one may argue that SFAS 97 also uses
the DIR to define account balances as the
initial PGAAP reserves for the assumed
universal life type policies. The only difference
is that the account balances are independent of
the assuming company’s GAAP assumptions
for the assumed SFAS 97 policies.

An EIA is similar to a deferred annuity
from an economic perspective. SFAS 133 and
issue papers of the FASB’s Derivative
Implementation Group (DIG) indicate that an
EIA is a hybrid contract and that its GAAP
reserve is the sum of the value of the host con-
tract and the fair value of the embedded deriv-
atives. This specific point implies that SFAS 97
guidance on GAAP reserves for universal life
type policies does not apply to either directly
written or assumed EIA policies and that the
initial PGAAP reserves for the assumed EIA
policies are not necessarily related to their
account balances.

As DIR can be used to define initial PGAAP
reserves for both assumed SFAS 60 and SFAS
97 policies, DIR may also be considered as a
viable method to determine initial PGAAP
reserves for assumed EIA policies. If the initial

PGAAP reserve of the assumed EIA policies is
determined, it can be shown that:

Where:

P = Purchase Price

TaxV = Tax Reserve

DAC Tax = Unamortized Policy Acquisition 
Expenses per section 848 of the 
Internal Revenue Code.

For assumed EIA policies, possible values
of the initial PGAAP reserves include, but are
not limited to, the following:

(a) Aggregate account balance of the assumed
EIA policies

(b) Ceding company’s GAAP reserves (that is,
the sum of the value of the host contract 
value and fair value of embedded deriva--
tives) of the assumed EIA policies at the 
purchase date

(c) Reinsurance premium before ceding 
commission of the assumed EIA policies at 
the purchase date, and

(d) Reinsurance premium net of ceding 
commission of the assumed EIA policies at 
the purchase date.

The GAAP reserve for an EIA policy is the
value of the host contract plus the fair value of
the embedded derivatives. As SFAS 133 does
not consider account balance to be an appropri-
ate measure of GAAP liability for any directly
written EIA policy, this guidance may imply
that the account balances of the assumed EIA
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policies are similarly not appropriate for the
initial PGAAP reserves.

Using the ceding company’s GAAP reserves
of the assumed policies at the purchase date as
the initial PGAAP reserves has the advantage
of reserve continuity. However, there is no
GAAP guidance suggesting that the ceding
company and the assuming company should
have the same GAAP reserves for reinsured
EIA policies at the purchase date. In fact, the
two companies’ senior management teams may
have different disciplines in setting future par-
ticipation rates or caps of the reinsured EIA
policies. The changes in senior management’s
discretion can indirectly affect future policy-
holder behavior. Accordingly, the ceding and the
assuming companies are likely to have different
GAAP reserves for the reinsured EIA policies at
the purchase date, because they may have dif-
ferent estimates of the fair value of the embed-
ded derivatives.

Even if the two companies have the same
disciplines and assumptions to estimate the
fair value of embedded derivatives, there is no
guarantee that the ceding company’s practice to
determine GAAP reserves for the reinsured
EIA policies at the purchase date is appropri-
ate. If the assuming company wants to use the
ceding company’s GAAP reserves as the initial
PGAAP reserves for the assumed EIA policies,
it would be an additional burden on the assum-
ing company to ensure that the ceding compa-
ny’s GAAP reserves for the ceded policies are
reasonable. Based on these shortcomings, the
ceding company’s GAAP reserves of the ceded
EIA policies may not be the most appropriate
choice for the initial PGAAP reserves.

Using the reinsurance premium before ced-
ing commission as the initial value of PGAAP
reserves is comparable with the normal prac-
tice of using initial premiums as GAAP
reserves at issue for directly written EIA poli-
cies. In fact, reinsurance premium before ceding
commission equals the sum of statutory
reserves for the assumed EIA policies at the
purchase date. As reinsurance premium before
ceding commission is independent of the ceding
company’s GAAP assumptions and practice, the
initial PGAAP reserves can be determined
objectively under this method.

Please keep in mind that statutory
accounting principles are based on a solvency
perspective and the resulting statutory
reserves may not reflect the general principles
of GAAP. Using statutory reserves as the initial
GAAP benefit reserves, without examining all
related GAAP issues, is similar to fitting a
square peg in a round hole.

This suggested choice does not imply that a
statutory reserve is a substitute for a GAAP
reserve. It simply states that the reinsurance
premium before ceding commission (that is, the
sum of statutory reserves of the assumed EIA
policies) is a readily available value that may be
used as the initial PGAAP reserves. The overall
reasonableness of this method still depends on
whether or not the resulting initial value of the
host contract and the resulting implied internal
rate of return (IRR) are reasonable. In subse-
quent periods, PGAAP reserves of the assumed
EIA policies should not be statutory reserves
and should be based on guidance from SFAS 133
(that is, PGAAP reserves equal the sum of the
host contracts and the fair values of the embed-
ded derivatives).

For most transactions, the ceding commis-
sion is a negotiated value between the buyer

continued on page 16
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and the seller, and may be materially different
from the actuarial appraisal value. If the ceding
commission is significant, defining the initial
PGAAP reserves as statutory reserves minus
ceding commission may artificially reduce the
assuming company’s beginning PGAAP reserve
for the assumed EIA policies to an unreason-
able level. This situation is most significant for
back-end loaded EIA contracts with a long-term
point-to-point design where equity-related
interests are not credited until the end of the
term.

Among these four choices, it is my opinion
that reinsurance premium before ceding com-
mission appears to be a reasonable choice for
the initial PGAAP reserves of the assumed EIA
policies.

If the sum of statutory reserves is not con-
sidered a reasonable measure for the initial
PGAAP reserves or the DIR method is not con-
sidered acceptable, the assuming company may
consider determining the initial VOBA.

(II) DETERMINING THE INITIAL VOBA

An alternative method to complete the initial
PGAAP balance sheet of the assumed EIA poli-
cies is to determine the initial VOBA. A
common practice is to define the initial VOBA
as the present value before tax of statutory
profits discounted at a risk-adjusted rate (for
example, 12 percent). If the initial VOBA is
known, the initial PGAAP reserves and DTL
are:

Under this method, the initial VOBA may
be reasonably related to the purchase price. If
the initial value of the invested assets equals
statutory reserves (SAPV) minus Tax Rate
times DAC Tax, the tax reserves equal statuto-
ry reserves, and the purchase price equals

VOBA times (1-Tax Rate), the formulae for ini-
tial PGAAP reserves and DTL can be simplified
to:

= Statutory Reserve
= Reinsurance Premium before Ceding 

Commission

The net PGAAP liability (GAAPV minus
VOBA) is then the aggregate statutory reserve
minus the present value of projected before-tax
statutory profits discounted at a risk-adjusted
rate. As the risk-adjusted rate is greater than
the assumed investment earned rates, the net
PGAAP liability is greater than the gross pre-
mium valuation reserve at the purchase date
and there is no need for loss recognition, a
desirable result.

(III) HOST CONTRACT AND
BIFURCATION BASIS OF ASSUMED
EIA POLICIES

So far, we have discussed only the initial
PGAAP balance sheet of the assumed EIA poli-
cies. Additional steps are needed to report
PGAAP reserves of the assumed policies in
subsequent periods.

From a GAAP perspective, an EIA is a
hybrid contract that must be bifurcated into a
host contract and a group of embedded deriva-
tives. Guidance from Issue Paper B6 of the
Derivative Implementation Group states that
the initial value of the host contract is the dif-
ference between the basis of the hybrid contract
and the fair value of the embedded derivatives
at issue. This guidance is very helpful for direct
writers because the basis of the hybrid contract
at issue is normally the initial premium paid by
the policyholder. The definition of “the basis of
the hybrid contract,” however, is not as obvious
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for assumed EIA policies at the purchase date.
In order to avoid unexplainable GAAP

gains or losses at the purchase date, the initial
PGAAP reserves of the assumed EIA policies at
the purchase date should be the bifurcation
basis. Although using the reinsurance premium
before the ceding commission as the initial
bifurcation basis offers the advantage of being
comparable with the practice used by the direct
writer, reinsurance premium can be used as the
bifurcation basis only if it equals the initial
PGAAP reserves.

Regardless of the approach used by the
assuming company to complete the initial
PGAAP balance sheet of the assumed EIA poli-
cies, care must be taken to ensure that the ini-
tial value of the host contract and its IRR are
reasonable. For example, if the initial PGAAP
reserves are adjusted to a level such that the
initial value of the host contract (that is, initial
PGAAP reserve minus the value of embedded
derivatives) is even higher than the guaranteed
benefit floor at the end of the EIA term, the
host contract can have a negative IRR, a count-
er-intuitive result. On the other hand, if the ini-
tial PGAAP reserves are reduced to a level such
that the initial value of the host contract is sub-
stantially less than the guaranteed benefit
floor, the associated IRR can be higher than the
expected earned rates of invested assets, an
undesirable outcome.

(IV) SUMMARY

Although the initial PGAAP balance sheet can
be prepared by determining either the initial
PGAAP reserve or the initial VOBA of the
assumed EIA policies, it is the net PGAAP
liability that really matters. For a closed block
of EIA policies, an increase in initial PGAAP
reserves for assumed EIA policies would lead
to an equal increase in initial VOBA.

The assuming company has many possible
ways to prepare the initial PGAAP balance sheet
of the assumed EIA policies. The final value of
the initial PGAAP reserves should be examined
in light of the host contract’s initial value and
the associated IRR. Ideally, the IRR of the host
contract for the assumed EIA policies should be

comparable with the IRR of the assuming com-
pany’s directly written EIA policies. If the host
contract’s IRR is either negative or higher than
the expected asset yield rates, the associated ini-
tial PGAAP reserves should be considered ques-
tionable and further reviews are warranted. The
alternative approach of determining the initial
VOBA is also an acceptable approach, if the ini-
tial VOBA is reasonably related to the purchase
price of the assumed business.

In my opinion, the reinsurance premium before
ceding commission of the assumed EIA policies
at the purchase date appears to be a viable
candidate for the initial value of the PGAAP
reserves for the following three reasons:

1. Reinsurance premium before ceding 
commission is not an arbitrarily chosen 
number and is related to the reinsurance 
transaction,

2. Using reinsurance premium before ceding 
commission to establish initial PGAAP 
reserves is comparable to the practice of 
using initial premiums from policyholders 
to establish initial GAAP reserves for 
directly written EIA policies; and 

3. Reinsurance premium before ceding 
commission equals statutory reserves of 
the assumed policies. If the statutory 
reserve computation method is either the 
CARVM-Updated Market Value Method or 
the Market Value Reserve Method, the 
resulting statutory reserves are related to 
the guaranteed benefit floors. Thus, the 
resulting host contract’s IRR is likely to be 
reasonable.

After the initial PGAAP reserves and ini-
tial VOBA are determined, PGAAP reserves
and VOBA in subsequent periods should be
reported in accordance with guidance from
SFAS 133 and SFAS 97, respectively.

This article provides practical suggestions
for practitioners to prepare PGAAP financial
statements of assumed EIA policies. It may
ignite more discussions among actuaries,
accountants and other professionals who are

Purchase GAAP...



BACKGROUND

When the Society of Actuaries changed the
syllabus in 2000, students were no longer
tested on nation-specific topics. In order to sign
a Prescribed Statement of Actuarial Opinion
(PSAO) in the United States, there is a
requirement that an actuary be tested on, at a
minimum, applicable economic, regulatory and
legal environments. The American Academy of
Actuaries determined that students who took
exams under the 2000 syllabus do not meet the
minimum standards for signing actuarial opin-
ions, such as those required for the Statutory
Annual Statement. The American Academy of
Actuaries solved this problem by designing and
offering a seminar that covers the information
described above. The Canadians faced the

same issue and solved it similarly, with semi-
nars sponsored by the Canadian Institute of
Actuaries.

THE SEMINAR

The Academy’s seminar is intensive. The
course itself is three days long, followed by a
three-hour, open-book exam on the fourth day.
About 1700 pages of information, similar to an
actuarial exam, are studied prior to attending
the seminar. The syllabus can be used to build
a reference library for valuation actuaries. This
seminar has been offered once a year for the
past three years. This year’s seminar will be
November 11-14, 2003 in Washington, D.C.

The course is designed to cover all of the
topics a qualified actuary should know
before signing annual statement blanks.
On the life side, these include topics such
as valuation of liabilities and assets, rela-
tionship between cash flows from assets
and related liabilities, dividends, reinsur-
ance, policy forms and coverages, statutory
insurance accounting and nonforfeiture. On

the health side, topics covered include princi-
ples of insurance and underwriting, social
insurance, premiums, loss expense and contin-
gency reserves, statutory insurance accounting
and expense analysis.

The seminar is a mix of lectures, with many
opportunities for interaction between the teach-
ers and students, and case studies. Although the
purpose of the seminar is to fill a void in the SOA
syllabus, the Academy seminar is also useful for
those moving into valuation from another area
and for those who want to refresh their knowl-
edge of the subjects. Those attending all of the
sessions may record 18 hours of professional
development credit. The diverse mix of actuaries
new to the subject and seasoned professionals in
certain aspects of valuation has resulted in live-
ly question-and-answer sessions. Some people
who take the course as a refresher have even
decided to take the exam.

Can You Sign an 
Actuarial Opinion?
by Donna R. Claire
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THE INSTRUCTORS

From the start, the Academy designed the
exam to be oriented toward practitioners. It is
important that the attendees hear what the
regulators want from those who would know—
the regulators themselves. For the 2003
seminar, regulatory actuaries Bob Conover
(Calif.) and Kerry Krantz (Fla.) are part of the
scheduled faculty.

It is also important that people involved in
actually doing the work (both company employ-
ees and consultants) let the attendees hear
about the practical issues involved in statutory
valuation (e.g., details one needs to get regard-
ing certain policies; how one tests for XXX
reserves; what CARVM means for a variable
annuity with GMDBs; how to develop LTC
reserves; how to prepare an actuarial memo-
randum.) Instructors scheduled for 2003 semi-
nar include Bob Likins, Esther Milnes, Bill
Cutlip, Alan Ford, Bob Cummings, Darrell
Knapp and me (Donna Claire).

Sometimes developing opinions can get into

gray areas, so it is useful to get a reality check
from a lawyer (i.e., actuaries do have standards
that must be followed; otherwise one may not
have a career.) The Academy’s legal staff is
therefore part of the faculty at the seminar
(Lauren Bloom and Kit Pardee).

REACTIONS TO THE SEMINAR

The seminars are relatively small, with a cap
of 50 students in each seminar. The reactions
have been very positive, from both the newer
ASAs/FSAs and the more seasoned profession-
als. The reactions have also been quite positive
from the faculty. I have been involved in this
seminar from the beginning, and it is my
favorite. Each year, I learn new things—how to
perform certain aspects of the asset adequacy
testing or developing active life claim reserves
in a better way.

If you want more information about the
seminar, please check for the qualifications
seminar on the Academy Web site, www.
actuary.org/seminar/index.htm. �



T he advent of Model Regulation XXX,
now passed in most states, has
imposed on the industry a need to
quantitatively evaluate the antici-

pated mortality rates underlying many blocks
of life insurance business. The most common
method of doing this has been developing a
probability distribution for total claims (given
the anticipated mortality for the block being
tested) and seeing where actual claims over a
given period fall. If the actual result is at an
unacceptably high percentile of the predicted
claims distribution, then current anticipated
mortality is rejected in favor of some higher set
of rates.

Developing a closed-form distribution for
aggregate claims, however, can be problematic
when many policies of varying face amounts are
involved. For that reason, the most common
industry method of creating this distribution has
been Monte Carlo testing. In the most common
version of this methodology, each policy in the
block is independently assigned a random num-
ber between zero and one—once per scenario. If

the random number is lower than the anticipat-
ed mortality rate for that policy, that is consid-
ered a “death,” and the face amount for that pol-
icy is tabulated. If the random number is higher,
then that is considered a “survival,” and zero is
entered. For each scenario run, the face amounts
of all “deaths” are summed to give a total claim
amount. The resulting sample, over a large set of
simulations, provides the empirical claims distri-
bution.

This process can create the need for the
generation of quite a large quantity of random
numbers. For a block of 100,000 policies over
10,000 simulations, for example, the require-
ment would be for one billion random numbers.
Occasionally, an actuary faced with such a
requirement could run into a real time crunch.
Is there a way to reduce this random number
requirement, and thus computer run time?

There is, and it was first suggested to me by
my father, Edward Robbins. (He in turn would
credit reading from one of several good 20-plus-
year old Transactions articles that deal with
compounding of distributions in risk theory.
Neither of us has been able to pinpoint exactly
which article inspired his thinking on this.)

To see how run time can be reduced, it is
helpful to think of the one billion required sim-
ulations as though they were done in a spread-
sheet (despite the fact that the testing would
doubtlessly really be done via some program).
In that spreadsheet, the identifiers of the
100,000 policies being tested run down column
A. The face amounts pertaining to each policy
are then entered down the rows of column B.

Then, in each of the next 10,000 columns,
for each of the 100,000 policies, there are a
series of ones and zeros, with a one represent-
ing a death (the generated random number
being less than the anticipated mortality rate
for this policy), and a zero representing sur-
vival. Then at the bottom of each of these
10,000 columns, a sumproduct function is done
between this column of zeros and ones and the
face amount column, producing a total claim
amount in dollars for that trial. The resulting
10,000 total claim amounts become the empiri-
cal distribution for analyzing the actual mor-
tality results over the test period.

More Efficient Monte Carlo Simulations 
for Mortality Assumption Testing
by Douglas L. Robbins
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Editor’s Note: The section’s
Statutory Issues List Serve would
be an appropriate forum for
discussing concepts in this article.



June 2003 | The Financial Reporter | 21

Douglas L. Robbins,

FSA, MAAA, is a

consulting actuary at

Tillinghast-Towers

Perrin in Atlanta, Ga.

He can be reached 

at doug.robbins@

tillinghast.com.

Now it is true that the above methodology
is one correct way of forming the required
empirical distribution. But it is not the only cor-
rect way. Distributionally, there is a way to fill
in the 10,000 entries in each row, using far
fewer random numbers.

In the above methodology, each entry in our
one billion-cell grid is a Bernoulli trial. The ran-
dom numbers we are drawing are tested
against the Bernoulli probability density func-
tion (PDF) relevant to the given row’s antici-
pated mortality rate, in order to assign a one or
zero. However, it is clear that if we have an infi-
nite series of repeated Bernoulli trials with the
same probability of success (in this case death),
a geometric distribution will provide the proba-
bility that our first success occurs on precisely
trial number “n.”

For example, say an established NFL quar-
terback can be assumed based on experience to
have a 5 percent chance of throwing an inter-
ception on any given pass. It is then clear that
at any time, the chance of his next pass being
an interception (assuming we don’t know any-
thing else about the type of pass it will be, qual-
ity of defense, etc.) is 5 percent. The chance of
his first interception coming on his second pass
from now, must be 95 percent times 5 percent
equals 4.75 percent. The chance of it being on
his third pass is 95 percent (squared) times five
percent equals 4.51 percent, and so on.

These values form the geometric PDF,
which is defined as P(N=n) = (1-q)^(n-1)*q,
where q is the probability of success (in our case
death) on any given trial. The values of the pdf
can be summed in order to form the cumulative
distribution function (CDF).

Let us now go back to drawing random
numbers. To start filling in our one billion-cell
grid of ones and zeros under the old methodol-
ogy, we used an initial random number and
compared it to the Bernoulli PDF, filling in cell
one. Instead, we now compare it to the CDF of
the Geometric distribution. By the logic above,
the cdf entry pertaining to that random number
can be thought of as the timing of the first
observed death in a series of independent trials,
all with the same probability (the anticipated
mortality for this row).

In other words, say that our q for this row
is actually 1 percent. Our first random number
drawn is 0.5. Under the old methodology, this
would fill only one grid cell, with an entry of
zero (survival). Under the new methodology,
drawing 0.5 from the geometric CDF with a
parameter q = 0.01, produces a result of 69.
This results in us going across the first row of

our grid, filling in 68 zeros and then a one in the
69th cell. (Verbal interpretation: the first
observed death in a large number of identical
trials came on trial number 69. All earlier trials
resulted in survival.) 

Only at the 70th cell do we then need a new
draw of a random number. That number is used
to fill in cells starting with the 70th entry on the
top row. Say we draw 0.005. That is clearly a
result of one from our CDF, so cell 70 also gets
an entry of one, and then we start again with
the 71st cell. The next draw might be 0.98, pro-
ducing a result of 389 zeros and then a one in
the 460th cell. The program would continue fill-
ing in values in this way through the end of the
first grid row.

At the end of that row, the program would
have to stop no matter what. The reason is that
the compounding of Bernoulli trials into a
Geometric distribution only works if the trials
have identical q’s. (And except in infrequent
cases, the q will change when starting with a
new policy.) Any CDF result taking things
beyond the end of the row results in just filling
in the remainder of that row with zeros and
then starting over at the next row.

Once the entire grid of 1 billion cells is
filled in with ones and zeros, the stochastic
implications of the grid under this new
methodology are the same as for the old one.
Thus the interpretation of the column totals is
stochastically exactly the same.

What is the expected result of all of this in
terms of run time? Since the expectation for
any geometric trial result is 1/q, the expected
run time for any row would be about q times
the run time required to fill the row in one cell
at a time. In general, overall run time should be
about the average q times the old run time! �



I
n this article, we discuss the need to
search for alternative mortality tables
(other than the 1975-80 and 1990-95
tables), which may be more appropriate

for a particular company or specific products. It
must be recognized that differences or varia-
tions from company to company can exist in the
following areas which impact future mortality
patterns:

A. UNDERWRITING RULES/
GUIDELINES/PRACTICES

Variations in underwriting rules, guidelines
and practices obviously impact future mortal-
ity patterns. While underwriting guidelines
vary from company to company, the degree to
which the underwriters adhere to these guide-
lines (i.e. are underwriting exceptions often
made?) must also be considered.

B. AVERAGE SIZE OF POLICY

(FACE AMOUNT)

The average face amount per life insured
plays a dramatic role in the overall under-
writing screening process. For example, two
companies may have identical stringent
underwriting guidelines, yet one company
(Company A) may be writing policies with
average face amounts in excess of $500,000,
while another company (Company B) may be
writing policies with face amounts averag-
ing $100,000. Thus, the actual underwriting
requirements being obtained from Company
B would be very limited relative to Company
A.

C. DISTRIBUTION SYSTEM

The nature of the distribution system of a
company or for a particular product can have a

significant impact on the degree of potential
anti-selection of the policyholder.

D. MARKET SEGMENT (UPSCALE,
MIDDLE AMERICA, ETC.)

It is a well-known fact that the market
segment has its own variation in mortality
patterns, resulting from social, economic and
cultural differences.

Traditionally, actuaries have been recogniz-
ing the impact of the above variations by utiliz-
ing scaling factors that were applied to the
assumed underlying mortality table (i.e. 75-80
select/ultimate, 90-95 select/ultimate, etc.).
Higher scaling factors would normally be asso-
ciated with less rigorous underwriting or high-
er risk classification (i.e. scaling factors for
tobacco users exceed that for non-tobacco users,
which exceeds that for preferreds).

I am proposing that, in addition to utiliz-
ing scaling factors, we consider shortening
the select period. It will be shown that even
a modest decrease in the select period (e.g.
two years) can have a major impact.

First year select and ultimate mortality
tables have typically been used as the starting
point before applying scaling factors.
Conceptually, first year select mortality and the
subsequent select mortality rates (e.g. years 2-
15 in the 1975-80 Sel/Ult Table) would be rep-
resentative of fully underwritten business.
Ultimate mortality rates however, would be
more reflective of business with minimal or no
underwriting. Therefore, to the extent that the
variations discussed above (i.e. underwriting,
average size, distribution system and market
segment) are properly recognized, the appropri-
ate table to use should fall somewhere between
a first year select and ultimate table and a pure

Generalized Mortality Table
Analysis
by Larry Warren
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Editor’s Note: The section’s Statutory Issues List
Serve, GAAP List Serve, or Chief Actuaries List
Serve would be an appropriate forum for discussing
concepts in this article.
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ultimate table. For example, the appropriate
table may be to use a 13-year select period,
thereby the starting point may be deemed the
third year of the 15-year select period of the 75-
80 Sel/Ult Table. For purposes of analyzing the
effect of this concept, we have developed the fol-
lowing new tables.

Table A was constructed using a 13-year select
period by shifting each issue age of our model
office back two years and then starting with
third year select mortality of the 75-80
select/ultimate table.

Table B was constructed using an 11-year
select period by shifting each issue age of our
model office back four years and then starting
with fifth year select mortality of the 75-80
select/ultimate table.

Table C was constructed using a 23-year select
period by shifting each issue age of our model
office back two years and then starting with
third year select mortality of the 90-95
select/ultimate table.

Table D was constructed using a 21 year select
period by shifting each issue age of our model
office back four years and then starting with
fifth year select mortality of the 90-95
select/ultimate table.

The results of our analysis are shown in
Exhibits 1, 2 and 3.

The relationships shown in Exhibit 1 arise
from differences in the ratio of the qx’s (mortal-
ity rates) in the early years as compared to
those in the later years.

For purposes of developing Exhibit 1, we
assumed that a company changed its
underwriting guidelines/requirements
three years ago. Therefore, we analyzed the
mortality experience for all policies in their
first, second, and third durations.

We started with a simple model using the
assumption that a $10,000,000 face amount
was issued each year at the beginning of the

projection for each issue age (25, 35, 45 and
55) and experiencing Linton “B” lapse rates
(20 percent, 12 percent, 10 percent, 8.8 per-
cent, 8 percent, etc.). We also formed a com-
posite issue age by assuming the distribution
of face amount by age was 15 percent, 35 per-
cent, 35 percent and 15 percent for male issue
ages 25, 35, 45 and 55 respectively.

We used the model to calculate actual to
expected mortality ratios (for each mortality
table) for policies in their first three policy years.
(Expected mortality was calculated applying
lapse rates and multiplying the appropriate qx’s
to the face amount exposed in durations one
through three). Actual mortality was arbitrarily
assumed to equal 80 percent of the 1990-95 table.
This assumption was totally arbitrary and has no
impact on this analysis. Next, we calculated the
20-year present value of future claims (for a sin-
gle year of issue, representing new business)
using the qx’s of each mortality table separately.
That is, the actual to expected mortality ratio
obtained by using the 1975-80 mortality table
was applied to the 1975-80 mortality table in cal-
culating the 20-year present value of claims, and
analogously for the other mortality tables (i.e.
Tables A, B, C, D, 90-95 Select and Ultimate).

In Exhibit 1, scenario 1, we find that for
Table A, the present value of future claims are
16.6 percent lower than the 1975-80 Table and
for Table B, 21.8 percent lower*.

In scenario 2, using the 1990-95 Table as a
base, we find that the corresponding reductions
are 20.3 percent and 27.4 percent for Tables C
and D respectively.

It should be noted that all six tables are
based on the same actual mortality. The rank-
ing in order of highest present value of future
claims to lowest is shown on page 26.

The vast differences from table to table in
projected claims as shown above is extraordi-
nary. It is of utmost importance that the actu-
ary recognize the significant financial impact in
his selection of the appropriate mortality table.

continued on page 24
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25 $27,337 $27,293 $25,892 99.8% 94.7% 0.2% 5.3%

45 $123.820 $100,759 $98,616 81.4% 79.6% 18.6% 20.4%

35 $54,334 $45,375 $44,736 83.5% 82.3% 16.5% 17.7%

55 $370,761 $310,079 $275,793 83.6% 74.4% 16.4% 25.6%

composite** $122,069 $101,753 $95,426 83.4% 78.2% 16.6% 21.8%

Exhibit 1: Relationship of Mortality Projections and the Underlying Mortality Tables
(For A Single Year Of Issue)

The relationships shown in exhibit 1 arise from differences in the ratio of the qx’s in the early years as compared to those in the later years

Scenario 1: Present Value of Future Claims*

(based on the mortality experience of the first 3 policy years)

(1) (2) (3) (4) (5) (6) (7)

males based on based on ratio ratio reduction reduction

Issue based on table A table B table A table B table A table B

Age 75-80 table (2 yr-shift) (4 yr-shift) (2 yr-shift) (4 yr-shift) (2 yr-shift) (4 yr-shift)

25 $40,456 $34,887 $33,862 86.2% 83.7% 13.8% 16.3%

45 $158.473 $125,167 $111,268 79.0% 70.2% 21.0% 29.8%

35 $63,082 $49,418 $43,693 78.3% 69.3% 21.7% 30.7%

55 $377,786 $303,289 $283,282 80.3% 75.0% 19.7% 25.0%

composite** $140,281 $111,831 $101,808 79.7% 72.6% 20.3% 27.4%

* Based on a single year of issue of $10 million face amount for each age assuming Linton B lapses at 6 percent discount rate over a 20-year period.

** Using the distribution of 15%,35%,35%,15% for ages 25,35,45,55 respectively.

Note: The mortality experience underlying this analysis was arbitrarily chosen to equal 80 percent of the 90-95 Table. All ratios shown, however, are independent of this assump-

tion.

Table A was constructed by shifting each issue age of our model office back two years and then starting with third -ear select mortality of the 75-80 select/ultimate table. 

Table B was constructed by shifting each issue age of our model office back four years and then starting with fifth-year select mortality of the 75-80 select/ultimate table.

Table C was constructed by shifting each issue age of our model office back two years and then starting with third-year select mortality of the 90-95 select/ultimate table.

Table D was constructed by shifting each issue age of our model office back four years and then starting with fifth-year select mortality of the 90-95 select/ultimate table.

The relationships shown in exhibit 1 arise from differences in the ratio of the qx’s in the early years as compared to those in the later years

Scenario 2: Present Value of Future Claims*

(based on the mortality experience of the first 3 policy years)

(1) (2) (3) (4) (5) (6) (7)

males based on based on ratio ratio reduction reduction

Issue based on table C table D table C table D table C table D

Age 90-95 table (2 yr-shift) (4 yr-shift) (2 yr-shift) (4 yr-shift) (2 yr-shift) (4 yr-shift)
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* Table A was constructed by shifting each issue age of our model office back two years and then starting with third year select mortality of

the 75-80 select/ultimate table.

** Table B was constructed by shifting each issue age of our model office back four years and then starting with fifth year select mortality of

the 75-80 select/ultimate table.

Note: Similar results would be obtained using the 90-95 sel/ult tables.

1 100% 68% 58%

3 81% 70% 65%

5 70% 67% 63%

2 90% 70% 63%

4 75% 70% 65%

Exhibit 2: Ratio Of Actual To Expected Mortality
(Based On The Following Tables...)

Exhibit 2 displays the phenomenon of the relationship between the mortality table and perceived 

mortality improvements.

75-80

SEL/ULT

DURATION TABLE TABLE A* TABLE B**

* Effective annual compounded mortality improvement rate.

Note: Negative means mortality worsening.

1-2 10% -2.9% -8.6%

3-4 7.4% 0% 0%

1-5 8.5% * 0.4%* -2%*

2-3 10% 0% -3.2%

4-5 6.7% 4.3% 3.1%

75-80

FROM SEL/ULT

YEARS TABLE TABLE A TABLE B

continued on page 26



If actual to expected mortality ratios were
based on the first five policy years of 
experience, then the corresponding reduc-
tions would be 9.5 percent and 13.2 percent
respectively.

It is not uncommon for actuaries to observe
significantly decreasing ratios of actual to expect-
ed mortality and then wonder where all the mor-
tality improvement is coming from and how long
it will last. In my opinion, while some portion of
the mortality improvement may be “legitimate,”
the other portion (perhaps the greater part)
results from using an inappropriate mortality
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1 1.1 - 1.61 - 1.88 -

2 1.47 34% 1.9 18% 2.09 11%

3 1.88 28% 2.17 14% 2.33 11%

4 2.23 19% 2.42 12% 2.57 10%

5 2.57 15% 2.7 12% 2.88 12%

6 2.89 12% 3.0 11% 3.23 12%

7 3.24 12% 3.38 13% 3.72 15%

8 3.62 12% 3.83 13% 4.26 15%

9 4.05 12% 4.47 17% 4.81 13%

10 4.58 13% 5.11 14% 5.37 12%

11 5.34 17% 5.73 12% 5.92 10%

13 6.84 14% 7.14 12% 7.96 10%

14 7.76 13% 8.78 22% 8.78 10%

15 8.75 13% 9.69 10% 9.69 10%

16 10.69 22% 10.69 10% 10.69 10%

17 11.79 10% 11.79 10% 11.79 10%

18 12.98 10% 12.98 10% 12.98 10%

19 14.28 10% 14.28 10% 14.28 10%

20 15.69 10% 15.69 10% 15.69 10%

12 6.01 13% 6.36 11% 7.22 22%

* Composite model office mortality rates using the 1975-80 select/ult mortality table.

** Table A was constructed by shifting each issue age of our model office back two years and then starting with third year select mortality of the 75-80 select/ultimate

table.

** Table B was constructed by shifting each issue age of our model office back four years and then starting with fifth year select mortality of the 75-80 select/ultimate

table.

Exhibit 3: Comparison Of Mortality Rate Increase By Duration *

Exhibit 3 demonstrates the underlying reason for the relationship between the mortality tables and perceived mortality improvements as

shown in exhibit 2.

QX Percent Table Percent Table Percent

Duration 75-90 Increase A ** Increase B ** Increase

PV of Reduction in PV
Future in Relation To 
Claims 90-95 Sel/Ult

1. 1990-95 Sel/Ult 140,281 --
2. 1975-80 Sel/Ult 122,069 13.0%
3. Table C 111,831 20.3%
4. Table D 101,808 27.4%
5. Table A 101,753 27.5%
6. Table B 95,426 32.0%
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table. Exhibit 2 was therefore developed to dis-
play the relationship between the mortality
tables and the phenomenon of perceived mortali-
ty improvements.

In Exhibit 2, we arbitrarily assumed
decreasing mortality ratios (100 percent grad-
ing down to 70 percent over five years) under
the 1975-80 Sel/Ult Table. This assumption is
reflective of what would appear to be an effec-
tive annual compounded mortality improve-
ment rate of 8.5 percent as shown in this exhib-
it. Under Table A, we were able to show that,
over the same 5-year period using the same
mortality assumption, the annual mortality
improvement rate was essentially non-existent
(.4 percent). Using Table B, the annual mortali-
ty improvement rate is -2 percent, reflective of
the fact that, relative to Table B, the mortality
ratios actually increased over this 5-year peri-
od. It should be noted that similar results
would be obtained using the 1990-95 Sel/Ult
Table.

Again this exhibit demonstrates the fact
that mortality improvements are related to
the underlying mortality table being used.
What appear to be significant mortality
improvements may in fact be the result of
using an inappropriate mortality table.

As we discussed earlier, the relationship of
the ratio of the mortality rates in the early
years to the mortality rates in the later years,
is what gave rise to the great variation in the
present value of future claims for each table.
The phenomenon we observed, however, in
Exhibit 2 relating to perceived mortality
improvement is based on another relationship,
which is the annual mortality rate increase of
each table as shown in Exhibit 3.

Exhibit 3 demonstrates this relationship
between the mortality tables and perceived
mortality improvements as shown in Exhibit 2.

In Exhibit 3, we show a comparison between
the composite model office mortality rates using
the 1975-80 Select/Ultimate Table, Table A and

Table B. The major distinction of interest
between these tables, however, is not the magni-
tude of the rates themselves (since this is typi-
cally adjusted for by utilizing a scaling factor),
but the annual increases from year to year.

As can be observed, the 1975-80 Sel/Ult
Table has very high select mortality rate
increases for the first two years (34 percent and
28 percent for years two and three respectively)
and moderately high mortality rate increases of
19 percent and 15 percent for the next two
years (years four and five respectively), before
grading down into the 12 percent-10 percent
range.

Table A, however, has only moderately high
mortality rate increases of 18 percent and 14
percent for years two and three respectively
and then grades down into the 12-10 percent
range, while Table B has relatively low-level
mortality rate increases generally between 10
percent and 12 percent throughout. The tables
show a mortality rate increase of 22 percent at
durations 16, 14 and 12 for the 75-80 table,
Table A and Table B respectively, which reflects
the grading discontinuity from select mortality
to ultimate mortality.

In an earlier article entitled, “The
Relationship of Mortality Projections and the
Underlying Mortality Tables Used,” I have
shown that the choice in the selection of a mor-
tality table (1975-80 Table vs 1990-95 Table)
can have a major impact on mortality projec-
tions and hence on product pricing and reinsur-
ance premium determination.

For example, the present value of future
claims was shown to be 13 percent lower for
males and 10 percent lower for females, using a
projection based on the 1975-80 Select and
Ultimate Table (based on a composite model
office) as opposed to using the 1990-95 Select
and Ultimate Table.

In light of the above discussion, it is my
belief that actuaries must begin to ask whether
there are other tables as demonstrated in this
article, besides the 1975-80 and 1990-95 tables,

continued on page 28
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that may be more appropriate to use and what
is the effect of using these other tables?

From a direct writer’s perspective, the
product actuary should be asking whether the
mortality table currently being used is possibly
overstating or understating future mortality. If
it is overstating future mortality, then this
could result in a higher premium and a less
competitively priced product—and possibly
result in significantly reduced market share. If,
on the other hand, it is understating future
mortality, then this could result in lower premi-
um (perhaps a loss leader) and greatly dimin-
ished profits, or losses.

From a ceding company’s perspective, if the
mortality table being used overstates future
mortality, then the ceding company actuary
may be more likely to negotiate a reinsurance
premium that will prove to be too high (or a
coinsurance allowance too low) and in effect
pass on too much profit to the reinsurers. If the
mortality table understates future mortality,
then the reinsurance actuary may have prob-
lems obtaining reinsurance on what he believes
would be favorable terms.

From a reinsurance company perspective,
if the mortality table used overstates future
mortality, then they would be more likely to
develop a less competitive quote and could lose
market share. On the other hand, if the mor-
tality table used understates future mortality,
the reinsurer runs the risk of underpricing,
resulting in losses.

Each actuary must develop a tailor-made
mortality table, which he believes is most
appropriate for his company’s business.
Sensitivity tests should be done using two or
more tables routinely as a matter of practice.

In conclusion, it is almost naive to believe
that different companies with vastly different
underwriting rules, average policy sizes, distri-
bution systems and market segments would
use the same mortality table with only a differ-
ence in scaling factors. This “one shoe fits all”
philosophy currently being used in this indus-
try should be re-evaluated. �

Bringing on the Reserves!

The SOA and PolySystems are sponsoring a series of courses in Chicago to provide a

comprehensive look at U.S. reserving principles for these major products:

Individual Health Insurance – June 16, 2003
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Universal Life Insurance, Fixed & Variable – June 19, 2003
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principals and application of U.S. statutory, tax and GAAP reserving to actuaries

involved in financial reporting and also product development.  See the SOA Web

site for details. �

Generalized Mortality Table Analysis | from page 27


	Embedded Derivatives in Modco and Similar Reinsurance Arrangements by Richard H. Browne
	Articles Needed for the Reporter
	The Chairperson's Corner: Feedback Needed!  by John F. Bevacqua
	Letter From the Editor: A Fly On The Wall: What Is A Meeting of the Financial Reporting Section Council Like?  by Jerry Enoch
	Current AAA Recommendation for RBC C-3 Phase II by Max J. Rudolph
	Purchase GAAP for Equity-Indexed Annuities by Vincent Y. Tsang
	Can You Sign An Actuarial Opinion?  by Donna R. Claire
	More Efficient Monte Carlo Simulations for Mortality Assumption Testing by Douglas L. Robbins
	Generalized Mortality Table Analysis by Larry Warren
	Bringing on the Reserves!

