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MBEDDED DERIVATIVES AREN’T usually the first things pricing actuar-
ies associate with more traditional risk products such as term life insurance,
disability insurance, and long-term care insurance. Annuities or universal life,
yes. Or maybe some other investment-oriented product. After all, the tech-
niques for pricing risk products have been around for decades and certainly
never contained any embedded derivatives.

When | was taking my fellowship ex-
ams in the mid-1980s, a popular ques-
tion was to describe the pricing consid-
erations for just about any insurance
product. This question came up so often
that a candidate who answered simply,
“Interest—a conservative long-term rate
should be used,” was probably halfway
to fellowship.

Most product development at that time
consisted of setting a long-term interest
rate as low as possible, as much as 600 to
700 basis points below market. If invest-
ment earnings exceeded this pricing, the
excess was returned to the policyholder in
the form of dividends or excess interest
credits. The discretionary nature of these
credits required the insured to have a high
degree of trust in the willingness of the in-
surance company to pass on excess in-
vestment earnings. Fifteen years later we
have products that require interest rate
guarantees that are closer to market.

A number of products today—partic-
ularly long-term care, guaranteed level
term, and disability income—don't con-
tain features that allow the passing
through of excess interest earnings. This
places competitive pressure on actuaries
to choose conservative interest rates that
aren't overly conservative.

What'’s the difference between a con-
servative rate and an overly conservative
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rate? It’s not exactly clear. In the early
1990s, the state of New Jersey wouldn't
approve a long-term care rate fitting if the
loss ratio was computed using rates low-
er than 7 percent. At the time, this seemed
to be a conservative long-term rate. Very
few actuaries today would consider 7 per-
cent conservative. By 2010, if rates con-
tinue their decline, we may look back at
today’s conservative rates of 4 percent and
5 percent the same way we look at 7 per-
cent now.

While this article applies to any prod-
uct that has level premiums and no cash
surrender values, the example will focus
on long-term care insurance.

Exhibit 1 gives the assumptions and
premium rate for a 5 percent per year in-
creasing benefit policy issued at age 65.
The key assumption for this analysis is
the interest rate assumption—in this case
5% percent.

The cash flow pattern for this policy is
shown in Exhibit 2. For 19 years the pol-
icyholder premium, plus investment in-
come, is expected to be greater than what
the policyholder receives in benefits. The
cumulative amount of this excess forms
the “reserve,” which is liquidated over the
remaining term of the policy as benefit
payments exceed the policyholder premi-
um and investment income. This disin-
vestment policy continues until the poli-

cy matures, at which point the asset bal-
ance is zero.

Since this product is priced at 5% per-
cent, the insurance company must be able

EXHIBIT 1 i
Long-term Care Assumptions

> ISSUE AGE: 65

> PREMIUM: $2,455 net premium is 70%
of gross or $1,718.50

> INCIDENCE RATES: 70% of SOA LTC Ins
Val Methods Task Force Table (Male)

» PRICING INTEREST RATE: 5.5%

> 7-Year Benefit Period

» Benefits are 100 per day in home care
or nursing home increasing 5% per year

» Home care benefits are received 4 days
per week

» Benefits incurred due to loss of 2 ADLs
or cognitive impairment

» Select Factors (20-Year Select Period

Linear)
Year 1 5.00%
Year 2 10.00
Year 3 15.00
Year 4 20.00
Year 5 25.00
Year 6 30.00
Year 7 35.00
Year 8 40.00
Year 9 45.00
Year 10 50.00
Year 11 55.00
Year 12 60.00
Year 13 65.00
Year 14 70.00
Year 15 75.00
Year 16 80.00
Year 17 85.00
Year 18 90.00
Year 19 95.00
Year 20 100.00

» ELIMINATION PERIOD: 90 Days

> LAPSE RATES: 2.00%

> MORTALITY: Annuity 2000

» Assume claims incurred end of year
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to invest these positive cash flows in assets
that earn at least 5% percent in order to ma-
ture its obligation.

To view this through a capital markets
lens, when the policyholder pays his pre-
mium, he's purchasing a bond yielding
5% percent. The insurance company is
agreeing today, at point of issue, to sell to
the policyholder a series of bonds yield-
ing 5% percent. What the insurance com-
pany has done is embed a series of call
options in this product.

Granted, the policyholder isn't going
to decide to exercise or not exercise his
call option based on current market con-
ditions, but rather on whether he feels he
needs the coverage. From the insurer’s
perspective, the reason the policyholder
exercises his options is immaterial. What
is material is that the policyholder has the
options and that there are times when
these options may be exercised to the dis-
advantage of the insurer.

Alternative Interest Rate Scenarios

Exhibit 3 shows the asset buildup for this
long-term care policy under various inter-
est rate scenarios. The green line assumes
all cash buildup is invested at 5% percent.
We can view this line as the policy reserve
without any statutory conservatism or any
GAAP provisions for adverse deviations.
As long as our assets are above this line,
the insurance company can mature its
obligation. If asset growth is below this line,
the policy will suffer losses.

The blue line in Exhibit 3 compares
the asset buildup at 5% percent and 7 per-
cent. The 7 percent line represents the as-
set share the product development actu-
ary probably first showed management
when developing the business case for
first entering the long-term care market.
The difference between the green line and
the red line represents the excess profits
the insurance company would make if
rates were to remain unchanged. Actuar-
ies typically would label the 7 percent line
the best-guess or expected scenario and
the 5% percent line as a pessimistic sce-
nario.

What's missing from our asset share
analysis is the cost of the call options we're
selling to the policyholder. If a company
were to purchase a series of nine call op-
tions on August 2, 2001, and if when the
option is exercised the company would
receive 5% percent for 10 years, the com-

EXHIBIT 3

Asset Growth Under Alternative Interest Rates
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EXHIBIT 4 i
Buy a LIBOR Floater in Year 3

LIBOR

INSURANCE COMPANY
LIBOR 6.67%

SWAPS COUNTERPARTY

EXHIBITS _ o
Offsetting Derivatives

ASSET

Sc + Cs
—

Lf Sf

Lf = LIBOR Floating

INSURANCE COMPANY

SWAPS COUNTERPARTY | @ SWAPS COUNTERPARTY Il

Sf=Swap Forward Sc = Swap Current

Lf Sc

Cs = Credit Spread over Swaps Fixed

pany would pay $489. When the option
cost is reflected in the asset share calcu-
lation, the expected profitability falls, as
shown by the green line in Exhibit 3. This
better reflects expected results.

More critical to the analysis is what
happens to our asset share if the policy-
holder exercises his options to the detri-
ment of the company. The red line in Ex-
hibit 3 shows asset growth if the risk goes
unhedged and the market rates are 50 ba-
sis points lower than those assumed in
pricing. The company has not only lost
its expected windfall but has also lost sur-
plus over the life of the policy.

The main point of this analysis is fair-
ly intuitive—an insurance company has
a risk on guaranteed level products. If all
other assumptions are realized, the com-
pany will incur a loss if investment earn-
ings are lower than the level assumed in
pricing. The major benefit to recognizing
that this risk is an embedded derivative
is that it leads us to finding capital mar-
ket solutions that can eliminate this risk.

There are five strategies that compa-
nies have investigated to manage these
embedded calls, particularly as they re-
late to long-term care insurance:

Assume the company will file for a rate increase.
An actuary adopting this strategy should
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ask himself the following questions:

If I recommended a rate increase to-
day because rates are approaching the
pricing level, could I get my management
to accept the recommendation? Or will
the management response be to wait un-
til rates eventually rise?

Do | believe I'll know when rates have
gone below the pricing level and will stay
there? How long will rates need to be be-
low pricing before action is taken?

Do | know of a company that has filed
for a rate increase on the business it wrote
10 years ago because current market rates
are lower than the 7 percent to 7% per-
cent assumed in pricing?

If I could correctly decipher the point
where interest rates fell below pricing and
stayed there, and if | could convince my
management of such, do | believe regu-
lators would grant a rate increase in a
timely manner (particularly given that
the only reason a rate increase is being
requested is my company’s failure to
hedge the risk)?

Any actuary who answers these ques-
tions honestly would probably conclude
that this strategy isn't viable. Surprising-
ly, it’s the strategy most often in place and
the reason most often given why actuar-
ies don't set up additional reserves when
long-term care fails cash flow testing.

Assume the risks offset. A company that has

a deferred annuity line would lower its
crediting rate as interest rates decline. This
large gain would offset its long-term care
risk, so long as the portfolio is duration-
matched in the aggregate. Very often this
benefit is asserted even though the value
of the offset isn't tested.

Duration-match is a good strategy for
dealing with the risk of interest rate fluc-
tuation. Any year the company loses val-
ue due to a decline in interest rates for its
long-term care block would be offset by
a gain. If the assets and liabilities were
shown at market, this would be clearer in
the reported results.

A strategy for dealing with fluctuating
interest rates, however, isn't the same as
a strategy that manages the risk of a gen-
eral decline in interest rates. Ultimately,
if rates decline over the next decade, the
annuity portfolio will roll over into low-
er-yielding assets. So while the extraordi-
nary losses continue on long-term care,
the extraordinary gains on the annuity
line disappear.

Having described the more popular

strategies, here are some of the newer,
more effective strategies:
Enter into offsetting derivatives. A call option
is equivalent of a series of future starting
interest rate swaps. We can close out this
position by entering into a series of off-
setting forward starting interest rate
swaps. Lets look at an example:

If the company has $100 million in
long-term care premium coming due in
3 years, it could enter a 3-year forward
starting swap with a notional amount of
$100 million. The company would make
this arrangement with a swap counter-
party.

Under this arrangement, beginning in
year 3 the company would receive a fixed
coupon on the $100 million notional
amount and pay the London interbank
offered rate (LIBOR). If this fixed coupon
is greater than LIBOR, the company
would receive a payment from the swap
counterparty. This payment would equal
the forward starting swap rate, less LI-



BOR. While the forward starting swap rate
would remain fixed for the life of the
swap, LIBOR would change. Typically,
these changes would occur quarterly; in
any given quarter the company will either
pay or receive cash from the swap
counterparty.

In mid-August of this year, a forward
starting swap beginning in 3 years and
lasting 7 years would have had a fixed
coupon of 6.67 percent. In our example,
if a company entered into this swap agree-
ment beginning in 3 years, and every
quarter thereafter for 7 years, the com-
pany would receive from the swap coun-
terparty $100 million x (.0667/4—LI-
BOR/4). If this amount is negative, the
company would pay the absolute value
to the swap counterparty.

In 3 years, the company receives its
$100 million. At this point the company
has two options. The simplest is to buy a
floating-rate asset-paying LIBOR. This is
illustrated in Exhibit 4. The insurance
company is receiving LIBOR from the as-
set and paying LIBOR to the swap coun-
terparty. These items cancel, and the com-
pany is left receiving the swap forward
rate—6.67 percent in this example.

The only drawback to this strategy is
that companies typically invest in order to
receive a spread over swap rates, and the
supply of floating-rate assets offering a sig-
nificant spread is modest.

Another option for the company is to
enter into an offsetting swap and buy a
fixed-rate credit instrument. Exhibit 5 il-
lustrates this transaction. Under this op-
tion, when the cash comes in, the insur-
ance company enters into a 7-year swap
in which it pays a fixed rate and receives
LIBOR. The cash is used to purchase a
fixed-rate asset. The company now has a
fixed-rate asset and two interest rate swaps
on its books. The flows from this trans-
action are as follows:

Company receives from swap coun-
terparty B LIBOR and pays this to swap
counterparty A.

Company receives swap forward (SF)
from swap counterparty A and pays swap
current (SC) to swap counterparty B. So
net the company receives SF-SC.

EXHIBIT 6

Total Cash Flow and Premium Long-Term Care Cash Flow (First 10 Years)
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EXHIBIT 7 o
Structured Liability
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EXHIBIT 8 o
Structured Liability
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Company receives from the asset it
purchased SC plus the credit spread (CS).
So net the company receives SC + CS.
In total, the company is receiving SF-
SC+SC+CS, which nets to SF + CS.

In our example the insurance compa-

ny would earn 6.67 percent plus the cred-
it spread then available in the market. If
all other assumptions are realized, that
there is no counterparty default, and that
spreads over swaps don't decline, this
strategy should give us a high degree of
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confidence that our asset share results are
realized.

While this strategy presents an easy to
implement hedge of this risk, a number of
companies have raised some concerns. One
concern is the large counterparty risk ex-
posure. Counterparty exposure is a variant
of credit risk. If we look at Exhibit 5, the
diagram of this transaction shows where
the company is taking counterparty/credit
risk. This risk exists when they first enter
the forward starting swap agreement, when
they enter the offsetting swap, and when
they buy the credit instrument. The com-
pany now has three times the credit expo-
sure than if it just bought the credit in-
strument. However, given that swap
counterparties tend to be highly rated, the
credit risk is probably less than three times.

A more critical concern is the inabili-
ty to lock in todays’ credit spreads. When
actuaries determine the interest rate as-
sumption for pricing a product, they typ-
ically look at the portfolio yield they ex-
pect to be available after any expected
capital losses. This yield consists of the
swap rate plus the credit spread. A com-
pany that hedged their interest rate ex-
posure using this strategy could still ex-
perience losses is credit spreads declined.

To gain a better appreciation of this
risk, we can look at historical credit
spreads. The historical difference in yield
between Bloomberg's A2 average and 10-
year swap rates going back to 1991 is 29
basis points with a standard deviation of
15 BPS. On October 8 of this year, the
spread was 90 BPS. Therefore, an actuary
pricing by looking at the rates available
in today’s market, and hedging the risk
using forward starting swaps, could miss
his pricing target by 60 basis points if
credit spreads reverted to their historical
norm. This 60-basis-point decline is
greater than the 50-basis-point decline
assumed in exhibit 3.

Securitizing the premium flow. Exhibit 6
shows the expected cash inflow for our
long-term care policy during the first 10
years. The green bar represents the pre-
mium portion of this cash flow. These
amounts are packaged and sold to the
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capital markets. This allows the insurance
company to receive the bulk of the cash
up-front, where it can be invested at to-
day’s rates.

Securitization has some significant
benefits, including increased earnings, re-
duced interest rate risk, and increased as-
sets under management. Unfortunately,
it also has a number of adverse conse-
quences. The most serious of these
occurs in the event of a deviation in
lapses/mortality.

Level-premium, no-cash-value insur-
ance policies are lapse supported. When
a policy lapses, its reserve is released to
the company. The company relies on a
certain number of these lapses when pric-
ing its policies.

When lapses are lower than expected,
the company needs to set up a higher
amount of aggregate reserves. If, in addi-
tion, the company has sold off the cash
flow, its exacerbated the problem.

Sell a structured liability. The structured lia-
bility strategy is a new strategy that com-
bines the principles and advantages of for-
ward starting swaps and securitization. In
this strategy, the insurance company con-
structs a liability where cash flows are a
mirror image of the long-term care cash
flows. In implementing this strategy, an
insurance company would sell into the
capital markets a liability that looks like
Exhibit 7. Each of these bars is a mirror
image of our long-term care cash flow.
The combined cash flow of these two
liabilities is shown in Exhibit 8. The en-
tire cash flow is received up-front, where

it can be invested at today’s rates. For the
next 10 years cash flows are matched,
eliminating the risk of changes in rates
and/or credit spreads.

More important, since the structured
liability itself has a profit margin, we're able
to move above the assets-share line to the
new level of asset growth shown in Exhibit
9. Assuming all noninterest rate assump-
tions are realized, the asset growth for the
product line will vary minimally due to in-
terest rate fluctuations.

Advantages of Structured Liability

E® Reduces risk of declining rates for
non-putable liabilities;
A Creates a liability that's inherently
profitable. In fact, a company executing
this strategy in September would have
earned more than a 60 percent before-tax
return on capital,
[N Takes advantage of positive slope of
yield curve to increase earnings by as
much as two times;
Increases assets under management;
Minimizes use of derivatives and
therefore minimizes FAS 133 implications.
For years, insurance companies have
used the capital markets to structure as-
sets that meet their cash flow needs. We're
Nnow seeing insurance companies using
capital markets to structure liabilities that
meet their needs. This trend is creating
exciting new opportunities and challenges
for actuaries. o
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