Interest Rate Hedging on Traditional Life and Health

A Research Project with the Society of Actuaries

Craig W. Reynolds
David W. Wang

Milliman, Inc.

September 13, 2007

Abstract

Traditional life and health products have long been regarded as non-interest sensitive.
Pricing has often been done with only a single interest scenario projection. Asset liability
matching is sometimes confusing because of the very long or sometimes even negative
duration measures of net liability cash flows. In this paper, we summarize the practices of
some major industry players with respect to how they manage the interest-rate risk of
their traditional business. We have found that there is a general lack of industry attention
to managing the interest-rate risk on traditional products. We show by stochastic pricing
on these products that interest-rate risk may warrant more attention than it receives. We
measure interest sensitivity in terms of DVOI and Dollar Partial Duration, both of which
are calculated by applying a one-basis-point shock to the corresponding Par Yields. We
then simulate hedging strategies using cash and bonds or derivatives to hedge the
interest-rate changes. We analyze a nonpar whole-life product as well as a long-term care
product, observing very similar results for both products. We conclude that there is
substantial interest-rate risk in these products, and hedging may provide significantly
more protection against such risk than does a simple duration-match strategy.
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1. Introduction

This research paper is prepared in response to the request for proposals from the Society
of Actuaries’ Committee on Finance Research to explore the design and use of interest-
rate hedging on traditional health and life products. In particular, we attempt to answer
questions such as:

e What are the appropriate measures for interest sensitivity?

e How should renewal premiums be reflected in the calculations?

e What interest-hedging strategy can insurers follow?

e What instruments can or should insurers adopt to manage interest-rate risk?

e What is the impact of the hedging on financial results?

We have modeled a typical nonpar whole-life product as a representative traditional life
product in our analysis. We have also extended the same analysis to a typical long-term-
care product. All our work has been done using Milliman’s financial forecasting system,
MG-ALFA®.

We start the paper with a summary of a survey we conducted of a few selected major
industry players. The survey gathered information on their current hedging, analysis,
reporting, and risk-management techniques for traditional products with respect to
interest-rate risk.

We then look at the pricing results of a nonpar whole-life product using a stochastic
interest-rate model. The results indicate that the product might be more interest sensitive
than most would expect.

The next section discusses the appropriate interest-sensitivity measures. We analyze
duration by both considering and not considering future renewal premiums. After
identifying problems related to duration, we propose alternative measures, DVO1 and
Dollar Partial Duration.

We devote a separate section to discussion of both theories and simulation of the two
measures. The results of simulations show that with a bond-only strategy, some short
selling of bonds is required to make the strategy work. We will explain why this happens
and then look for more practical solutions.

Instead of short selling bonds, insurers can short sell bond futures, which also provide the
interest sensitivity insurers may need to offset their own interest sensitivity. With the
much better liquidity provided by the futures market, insurers can assume bond positions
without having to worry about matching the interest sensitivity. Bonds maximize yields
and futures mitigate any balancing interest risk.
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We then performed the same analysis on a long-term care product and made similar
observations and conclusions.

The hedging strategy we introduce in this paper is aimed at reducing the volatility in
statutory earnings for the insurer when the interest-rate environment changes. The hedge
instruments provide potential offset to changes in the net value of liabilities. We define
net value of liabilities as the present value of cash outgo minus the present value of
premiums. The present value calculation is based on the current U.S. Treasury yield
curve at each calculation point. Policy lapses are also taken into consideration. This
approach aims to reflect the market value of the liabilities.

However, the hedging strategy may appear less effective and attractive to insurers on
traditional life and health products under the current statutory reserve methodology,
which is rather insensitive to changes in interest and ignores expenses and policy lapses.
Nonetheless, we believe that a discussion and study of the interest-rate sensitivity of
traditional life and health products from a market-value perspective helps to illustrate
their inherent interest-rate risk, a risk that is perhaps not fully recognized by the industry,
partly due to the lack of statutory reinforcement. Understanding the risk and how to
manage it will be important to insurers with the potential adoption of principles-based
reserves or fair value accounting in the future.

All effective ALM is associated with a particular accounting framework. Even in the
absence of a market-value-based accounting system, there may be value in hedging the
ability of the assets to mature the liabilities on a market-value basis.

2. Industry Practice

We approached five major industry players with questions related to size, pricing
practice, and hedging strategies of their traditional products. The survey form is provided
in Appendix 1.

It is perhaps not surprising that only one company we spoke with has adopted a hedging
strategy for its traditional product portfolio. However, that strategy is more a result of the
uniqueness of this particular company’s product portfolio. The primary liabilities of this
company are linked to an index, and the hedging strategy is in place to make sure the
increase in reserve does not exceed the increase in the index.

Companies may forgo hedging mostly due to the insignificant size of the block of the
business relative to the total liabilities. One company indicates that although it purposely
does not hedge the risk, both duration and convexity targets for assets are in place and
adjusted when necessary. They have experienced very infrequent adjustments to date on
whole-life business. Our sense is that hedging is much more common for other lines of
business, such as variable annuities and GICs.
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Most product pricing for these companies was done with a single scenario for the interest
environment. One company indicated that it has always conducted sensitivity testing on
the results to changes in interest rates and is moving towards stochastic pricing.

It is obvious that interest-rate risk of traditional life business is not a major concern to
these industry players, unless the product design makes the liability pattern more interest
sensitive. Our sense is that interest-rate risk is more actively managed for interest-
sensitive products. The diminishing relative size of the traditional life portfolio at most
companies certainly could be one of the major reasons. It may also be that industry
players have underestimated the impact of interest-rate volatility on traditional business.
Having priced these products under a deterministic interest assumption, companies might
not have fully understood the impact on reported profits when interest rates change. As an
example, in the late 1970s many insurers experienced large losses related to fixed-interest
policy-loan activity. This research is motivated by a desire to avoid similar interest-rate-
risk losses in the future.

In this analysis, stochastic pricing of a hypothetical nonpar whole-life product will show
the extent to which the profit is sensitive to interest rates with and without various types
of hedging.

3. Stochastic Pricing

In this section, we will look at the pricing results from a stochastic simulation for a
typical nonpar whole life product without hedging.

3.1 Liability Model Description

This is a plain vanilla nonpar regular premium whole-life product. The premium size and
pricing assumptions are hypothetical. They are given in Appendix 2 for reference. The
liability profile is assumed to consist of newly issued policies as of December 2005 males
only, at ages 25, 35, 45, 55, and 65. Their sales distribution is as follows:

Age|  Sales Distribution
25 6.20%
35 41.50%
45 41.50%
55 10.40%
<) 0.40%

3.2 Scenario description

We utilized the interest scenarios generated by the American Academy of Actuaries for
C3Phase?2 capital purposes, dated December 2005. Though for a different purpose, the
scenarios were generated based on historical economic data and apply to all businesses.
We extracted 1,000 scenarios using the academy’s scenario picking tool. Then for the
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stochastic testing, we ran the first 100 scenarios for illustrative purposes. In a real
hedging exercise, more scenarios might be appropriate.

3.3 Stochastic results

The table below shows the NPV of statutory pretax book profits at the discount rate of
12%, as well as the profit margin, which is defined as the NPV of pretax statutory book
profits divided by NPV of premium income. The projection covered a 30-year period.
This time period was chosen, rather than the life of the contract, because the interest rate
scenarios from the Academy cover only 30 years of projected rates. The results pertain to
a cash-only model, which means that we assume all assets are in cash with an investment
return of the 90day rates on the yield curve.

Note particularly that these results do not reflect any dynamic policyholder behavior.
Were we to model, for example, interest-sensitive lapse behavior, results would be even
more volatile.

statistical Measures of Profits over 100 scenarios

BV of Pre-Tax Book Frofite| Profit Marein
Mean 670,385 10%
standard Deviation $435,070 A%
Minimum (265,207 4%
Mazximum $1.018,077 27%
Quartile 1 b2d4 741 5%
Median $656,761 Q%
Chuartile 3 $940,135 13%
Mazximum - Minimum $2,183,383 3%
Ouartile 3 - Quartile 1 $595,304 8%

The volatility of the profit is surprisingly large. The difference between the best-case
result ($1,918,077) and the worst-case result (-$265,307) spans a very wide range. Given
that the liability cashflows are the same across all scenarios, the volatility is driven purely
by the different investment returns from the different yield curve in each scenario.

It appears that the stochastic pricing indicates much more interest sensitivity than one
might expect for a nonpar whole-life product. It also suggests that further analysis into
how hedging can be implemented on traditional products is appropriate.
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4. DVO01 and Dollar Partial Duration Hedge

4.1 Duration

Duration is a very common measure of interest-rate sensitivity. There are different
definitions of duration, such as effective duration, modified duration, and Macaulay
duration. In this paper, we define duration as a percentage change in price due to change
in interest rate. In mathematical form, denoting D as duration:

D = - (1/P) *«(AP/A1), where P is the price of the asset and i is the interest rate.

To address any potential asymmetry of interest-rate sensitivity to upward/downward
shock, we calculate D as

-(Py—Pq) / (2 * P *Ai), where P, represents price of the asset after upward shock to
interest rates and P4represents price of the asset after downward shock to interest rates.

In our liability modeling, the cash flows are not affected by the change in interest rates
because we have not modeled policyholder behavior that is linked to the interest-rate
environment. Therefore, the difference between the values of liabilities when interest
rates change comes only from the discount impact. We believe there is ample market
evidence that even traditional life can experience notable interest-sensitive policyholder
behavior. Further research into the impact of such behavior on hedging effectiveness
would be appropriate.

In addition, we have also calculated Macaulay duration (MaD) for reference.

Z”:t-CFt

= 1+i)
MaD = n CFt

Z(1+i)t

t=1

Where,

n = number of years till end of projection period
t = time from start of projection

CF; = cash flow at time t

Table 4.1.1 captures the P, D, and MaD calculated for the liability model described in 3.1
for the first 10 years, with all values calculated at the beginning of the year. The P
represents the present value of net-liability cash flows, i.e., cash outgo-premium income.
Interest rate, y, is the spot yield curve as of December 2005. The change in y is 1BP.
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Table 4.1.1 Duration of Net Liabilities

Year B{WValue of Net Liabilities)| D (Duration of Met Liabilities)|  MaD (Macaulay Duration)
1 (506,393 59} )]
2 CR1E6,009) (350 (354)
2 534,635 113 114
4 51,192,371 52 53
5 F1,790,733 35 6
6 $2,332,002 27 28
7 $2,817,860 23 23
] 3,250,169 19 20
9 Fae32 432 17 17

10 $3,970,287 15 16

Duration and Macaulay duration are similar, and we will thus focus our discussion on
duration. The duration values for this product are rather strange. The durations start with
large negative values and then progress in large steps to positive durations. A quick look
at this might lead one to conclude that assets with negative durations are required for the
first two years, followed by assets with long durations. One way to utilize negative
duration is to short sell bonds, but insurance companies are not allowed to short sell.
Besides, it is nearly impossible to find assets with durations as long as 350 or 113. It
appears that we have hit a dead end, and hedging duration is not possible.

The strange pattern of durations might seem to result from the deduction of future
renewal premiums. The duration of liabilities should be calculated based on pure cash
outgo, and future renewal premiums should be grouped with the assets to derive asset
durations. Table 4.1.2 captures the P, D, and MaD calculated on the premium income
only, and Table 4.1.3, the pure cash outgoes, both for the first 10 years.

Table 4.1.2 Duraticn of Premium

Fear

P(Value of Premiums)

D (Duration of Premiums)

MaD (Macaulay Duration)

$9,585,751

8

9

$9,227,572

$3,620,963

$3.042,082

$7490,214

$6,964 625

b6,464,631

$5,989,523

pe Lo e e e e LR L

$5,538,608

—
o]

$5,111,116
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Table 4.1.3 Duration of Cash Outgo

Y ear E{"alue of Cash Outgo) D (Duration of Cash Outgo)|  MaD (Macaulay Duration)
1 $2,687,353 15 16
2 9,061,474 14 14
3 $9,155,503 14 14
4 F9,234 453 13 13
5 9,280,007 13 13
4] $9,206,721 12 12
7 9,282,492 12 12
3 39,239,717 11 12
9 $9,172,040 11 11

10 $9,081 403 11 11

The duration patterns of both premiums and cash outgo are now more like the durations
one would observe on a fixed-income asset. The result suggests that very long duration
assets are required to match the duration of cash outgo. By moving premiums to the asset
side, we see that we need very long durations for the other assets in order to allow us to
match the liabilities, since the total asset duration is a weighted average of the duration of
all assets, and the premiums have relatively short duration.

Nonetheless, we have received conflicting messages from the different grouping of
renewal premiums. One might wonder what the right decision is.

A closer look at results in Table 4.1.1 shows that the negative durations in the first two
years are really due to the negative sign of the value of liabilities. Using the same
notation, (AP/Ay) is actually positive for all the first 10 years, and it is the sign of 1/P that
determines the sign of the duration. In other words, the value of the liability cash flow
always increases when interest rates fall, regardless of the sign of the value itself.

To end the sign confusion, we would simply modify the definition of D to be AP/Ay.
Beyond simply solving the sign problem, this is a direct measure of how much the value
of the liabilities changes when interest rates change, and it is thus a direct target for the
change in the asset value. This is referred to as DV01 when Ay is 1 basis point.

4.2 DV01
4.2.1 Concepts

DVO1 is an acronym for dollar value of an 01 (i.e., 0.01%). It gives the change in the
value of a fixed income security for a one-basis-point decline in interest rates. In its
mathematical form, DV01 = -AP /(10000 * Ay); 10000 is in the denominator because Ay
is usually 0.0001. More specifically in our calculation, DVO1 = -(P, — P4) / 2, where P,
represents price of the asset after upward shock to the spot-yield curve, and P4represents
price of the asset after downward shock to the spot-yield curve. The negative sign makes
sure that DVOI is positive when the price increases after interest declines and negative
when the price decreases after interest declines. This convention is adopted for the same
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reason as for duration: All fixed coupon bonds and most other fixed income securities do
rise in price when interest rates decline. Another common feature it shares with duration
is that the change in interest rates assumes a parallel shift in the entire yield curve. Table
4.2.1 shows DVO01 and Duration of a five-year noncallable bond with $100 principal
amount and semiannual coupon rate of 5% at par at the beginning of the year.

Table 4.2.1 DVO1 & Duration
Year DW0L|  Duration
1 0.044 4.4
2 0036 36
3 0028 2.5
4 0019 1.9
5 0.010 1.0

It should be noted that the duration happens to be 100 * DVO01 in Table 4.1.1 because the
bond is at par.

Having defined DVO01, the hedging of the interest-rate sensitivity on the whole-life
product is straightforward. The entire procedure can be described in six steps:

Step 1: Calculate DVO1 of assets, or ADDur, currently on the books.

Step 2: Calculate DVOI of the net liabilities, or LDDur, currently on the books.
Step 3: Calculate balancing DVO1, or LDDur - ADDur, to be hedged.

Step 4: Calculate DVO1 of one unit of the hedging instrument.

Step 5: Calculate the amount of assets to add in this cycle, by dividing balancing DVOI in
Step 3 by DVO01 in Step 4.

Step 6: Update the asset portfolio with the newly purchased/sold/matured assets.
Some clarifications are called for at this stage.

First, with DVO01, we do not have to struggle with the renewal premium income. The
DVO1 of a portfolio equals the sum of the DVO01 of each individual asset in the portfolio.
Therefore, it makes no difference whether we deduct renewal premiums from liabilities
or group premiums into the asset portfolio.

Second, theoretically, DVO1 hedging allows us to use any fixed-income asset as a
hedging instrument. However, when insurance companies purchase bonds, they will have
to make sure that the book value of the bonds matches the statutory reserve plus target
surplus. This additional constraint implies that at least two assets are required to complete
DVO01 hedging for insurance companies.

Milliman, Inc.
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Third, at each projection cycle, we will capture the future cash-flow streams from the
current cycle to policy maturity. These cash flows will then be discounted at current
treasury yield as well as current yield shocked by +/- 1BP. The average of the difference
between the discounted value of cash flows at shocked yields results in DVO1. We have
not modeled any policyholder behavior linked to the interest rate environment, so the
cash flows are the same under different interest yields.

In the next section, we will see DV01 hedging at work under artificial deterministic
scenarios.

4.2.2 DVO01 Hedging under Deterministic Scenarios

Assuming a base scenario of 5% level yield curve for all time, we simulate the DV01
hedging strategies using two assets: cash and a 30-year noncallable bond with a
semiannual coupon rate of 5%. With zero DVOI, cash acts as a balancing item to meet
the book-value constraint. Two bonds of different maturities would work just as well, but
cash is fine from a theoretical discussion perspective.

We thought about using callable bonds instead of noncallable bonds. Though insurance
companies use callable bonds most of the time, the embedded option gives them extra
uncertainty not desirable in a hedge instrument. Callable bonds offer higher yields, which
may explain their popularity. Since this is a hedge analysis, we chose not to use callable
bonds.

Table 4.2.2.1 in Appendix 3 captures the hedge positions required for the first 10
projection years. The table shows that to hedge against DVOI of the liabilities, we would
initially need a negative position in cash. Intuitively, it implies that liability DVO01 is so
large that we would need more 30-year bonds than cash available on the books. We
would have to borrow to finance the purchase of the 30-year bonds necessary for a DV01
hedge. It can be inferred that should we hedge with a shorter-term bond with smaller
DVO01, more initial borrowing would be necessary. Similarly, if we were to invest with a
combination of a long bond and a short bond, rather than a long bond and cash, we would
need even larger negative positions on the short bond than we do with cash to obtain the
appropriate leverage effects.

To assess the effectiveness of hedging, we look at the market value of the surplus under
six sample scenarios. The market value of the surplus is defined as

Market Value of Assets—Present Value of Liabilities

We considered the present value of liabilities as a proxy for the market value of
liabilities. DVO1 hedge essentially hedges the change in market value of liabilities, and
the market-value measure best reflects the effectiveness of hedging.

We also compared the results of DV0O1 hedging with results of two other strategies. The
first assumes all assets are in cash. The second has a mixed pool of callable bonds and
mortgages following a rigid percentage allocation strategy, as shown below. This reflects
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a strategy that buys when available, possibly more for maximizing yields than for
duration matching. The only change that different strategies would have on the result is
the investment return.

Fercentage
1 -wear Bond 14%
2-year Bond 14%
S-vear Bond 14%
10-rear Bond 21%
30 -vear Bond 1%
30 -wear Mortgage A0%

We thus ran each strategy through six scenarios:

Scenario 1 (Base): base scenario with 5% level yield curve throughout future
projections

Scenario 2 (SU): shock-up scenario with 5.01% level yield curve throughout future
projections

Scenario 3 (SD): shock-down scenario with 4.99% level yield curve throughout future
projections

Scenario 4 (HSU):high shock-up scenario with 6% level yield curve throughout future
projections

Scenario 5 (HSD):high shock-down scenario with 4% level yield curve throughout future
projections

Scenario 6 (Tilt): tilt scenario with 1% increase to a two-year rate, 0.7% increase to five-
year rate, 0.5% increase to 10-year rate, 0.5% decrease to 30-year rate,
and other points on the yield curve increased by linear interpolation.

Table 4.2.2.2 summarizes each strategy during the first six projection years.
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Table 4.2.2.2
Summary of Portfolio Market Value

MV of Surplus

Change from Basge

Unhedged 4] 1 2 3 4 5 6 1 2 3 4 5 6
MV of portfolic Base | $1,172,401 3392907 -$282,377 3918637 -$1,499,341| 52,027,470 52,504,758 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
MYV of portfolio SU | $1,172,401 $397.540) F277 A0l 5913510 -51,494.047| 52,022,058 52,499,276 1.2% -1.7% 0.6% 04% 0.3% 0D.2%
Cash MV of porifolio §D | §1,172,401 $3658,259| 287,200 -p923778| S3Lo04648) -Fe,032,804] 52,510,253 -1.2% 1.7% 0.6% 0.4% 0.3% 0.2%
Azsets MV of portfolio HSU | §1,172,401 $791,550]  B144410  -p463,789[ -F1031416| -$1,546,197 -b2,014,621)  101.5%| -151.1%| 49.0%| -31.2%| 23.9% -196%
MV of portfolic HSD | $1,172401]  -F152,175] -$853,323| -$1,509,730| -$2,105,037| 52,642,559 -$3,124 3501 -123879%| 202.2% 64.3% 404% 20.3% 24.7%
MV of portfolic Tilt | 51,172,401 b19,3584] -$618,705) 51,219,136 51,765,647 -b2,261 440 -52,708,256]  G95.1%| 119.1% 327% 17.6% 11.5% 8.1%

MV of Surplus Change from Eage
Unhedged ] 1 2 3 4 5 6 1 2 3 4 ) =]
MV of portfolio Base | $1,172,401 Fag2007| -p282,377  -$918637| 51,499,341 2,027,470 -F2,504,758 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
hixed MV of porifolio U | 51,172,401 F397,405) -B304,2790  -$934,356| 31,506,244 -F2,050617] 52,492,365 1.1% 7.8% 1.7% 0.5% 1.6% 0.5%
ool of MYV of portfolio SD | $1,172,401 $388,394| -$253,355 5871927 -B1440437| 51,980,887 -F2470413 -11%| -10.3% 5.1% -3.9% -1.9% -14%
Bonds & | MV of portfolio HSU | $1,172,401 F778816)  F131,020]  SB470221( -B1012,230| -$1,538,906|) 52,021,103 05.2%| -1464%| AB8%| -324%| 241%|  -19.3%
Mortgages| MV of portfolio HSD | $1,172401] 5139901 -$851,545] -$1,496,512] 32,120,351 52,580,251 -$3,123,808] -1356%| 2016% 62.9% 41.4% 27.3% 24.7%
MV of portfolio Tilt | §1,172,401 b16,200) -$639,072| 1,258,223 -51,817,199| 2,365,519 52,904,862  95.8%| 126.3% 27.0% 21.2% 16.7% 160%

MW of Surplus Change from Base
DVl Hedge ] 1 2 3 4 5 ] 1 2 3 4 5 =}
MV of portfolio Base | $1,172,401 F392,06e8| -$284,031| -$923,775| 51,507,977 -B2,040,560| -§2,523,304 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Hedge MV of porifolio U | §1,172,401 Fagz 66| -b2sd 186 -p9e27es| S3Lo06673| -Fe030041) -b2,521 600 0.1% 0.3% 0.1% 0.1% 0.1% 0.1%
With Cash| MV of portfolio S | $1,172,401 Faolees| -B285680 -F924826| -51,509.286| -b2,042,084| -F2,525,005 0.1% 0.3% 0.1% 0.1% 0.1% 0.1%
& 30-year| MV of portfolio HSU | $1,172,401 F410,014| 233,250 5842771 -31,401,945| -F1,913,554| 52,379,136 46%| -18.1% B.E% S70% £.2% S5.7%
Bonds | MV of portfolio HSD | $1,172,401 $322,557 -$390,102( -F1,059,908] 31,670,501 -$2,225,189] 52,726,027 -17.7% 36.9% 14.7% 10.8% 9.0% 3.0%
MV of portfolio Tilt | $1,172,401 $214,044| 445332 -F1,076,806]) 31654065 -$2,183,156] -$2665684] AS2% 57.3% 16.6% 9.7% 7.0% S6%
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It should be noted that the DV01 hedge strategy we used is not a completely dynamic
strategy. It is a strategy in which positions in assets are determined at the run date, given
the best estimates of the future yield curve. The same positions apply onward to all six
scenarios. In practice, should this strategy be pursued, the positions can be reviewed
whenever the company wishes to perform a hedge-assessment exercise. Unless the
interest environment has changed dramatically, it is possible that minor adjustments will
be needed in order to reflect the company’s best estimate assumption.

The right-hand side of Table 4.2.2.2 shows the percentage change in the market value of
the portfolio from the base scenario to each of the other five scenarios. It appears that the
first strategy with assets in cash and the second strategy with a mixed pool of bonds and
mortgages experience similar percentage changes when interest rates move differently,
because the assets were not purchased for hedging purposes.

The third strategy with the DVO01 hedge clearly mitigates the changes. In fact, it almost
completely eliminates volatility under scenario SU and scenario SD, which is expected
due to the calculation of DVOL1. It is not so effective in the other three scenarios. The
ineffectiveness under scenarios (HSU) and (HSD) is due to the relatively large size of the
interest rate change. DVO01 at an initial interest rate of 5% is rather different from the
DVO1 at an interest rate of 6%. In effect, we have introduced some risk by ignoring asset
convexity. The ineffectiveness under scenario (Tilt) arises because the shape of the yield
curve tilts, whereas the DVO01 hedge works under parallel shifts to the yield curve.

Arguably, the problem of a tilting yield curve is more significant than the problem of
convexity. The problem of convexity can be ameliorated if the hedge position is reviewed
on a frequent basis. However, the shape of the yield curve can change more rapidly. The
liquidity of the long-term bonds is much thinner than that of the short-term bonds. It is
often the case that short-term yields have moved while long term yields have not, thus
changing the shape of the yield curve. For insurance companies, the long-term yields are
perhaps more important than short-term rates due to the long-term nature of the liability.

A technique that could be adopted against change in the shape of the yield curve is
known as the Dollar Partial Duration hedge. In the next section, we will look at it in more
detail.

4.3 Dollar Partial Duration
4.3.1 Concepts

The fundamental assumption behind the concept is that the movement of a set of selected
time to maturity rates can describe the movement of the entire yield curve. In other
words, given the selected points on the yield curve, any other rate on the yield curve can
be determined. It should be noted that our analysis is based on shocks to yield curves, and
thus the terminology “Partial Duration” is used. Should the shocks be on spot curves,
“Key Rate Duration” would be the right terminology. For more details, readers can refer
to Reitano[1]. In this paper we select two-, five-, ten-, and thirty-year rates on the yield
curve.
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By shocking each selected time-to-maturity rate, we obtain four yield curves, based on
which we will calculate the Dollar Partial Duration. Each shock affects yields from the
term of the previous selected time-to-maturity to the next (or the last term on the yield
curve). Specifically, the two-year shock affects yields of term zero to five, the five-year
affects yields of term two to 10, the 10-year affects yields of term five to 30, and the 30-
year affects yields from 10 on. The impact of each shock is one basis point at its own
maturity and declines adjacently to zero at the term of the adjacent selected maturity. To
the left of the two-year point and to the right of the 30-year point, the effect remains at
one basis point. The shifts are applied to the spot yield curve.

Chart 4.3.1 gives the base yield curve of level 5%, two-year shock, five-year shock, 10-
year shock, and 30-year shock.
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Dollar Partial Duration is calculated for each shock as the change in price from the base
yield curve to the shocked yield curve.
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Table 4.3.1 summarizes the Dollar Partial Duration and DVO1 of a five-year bond with
$100 principal and 5% semiannual coupon at par.

Table 4.3.1 Dollar Partial Duration of Five-year Bond

2-v1 Dollar Fartial | 51 Dollar Partial | 10wt Dollar Fartial| 30-w1 Dollar Partial| Sum of Dollar Partial
Fear . . . . . DVl
Duration Curation Duration Duration Duration
1 Q000 0044 0000 SRaa 8] 0.0dd 0.044
2 0012 0024 0000 0000 0036 0036
3 0018 0009 0000 0000 0028 0028
4 0019 1000 0,000 0000 0019 0019
) Q.10 2000 0,000 Q000 Q010 0010

The sum of the Dollar Partial Durations equals DV01, because the pattern of the selected
time-to-maturities ensures that the sum of increases at each point on the yield curve
equals one basis point.

The goal of Dollar Partial Duration hedging is to find assets that match each Dollar
Partial Duration of the liabilities. Obviously, four assets are required to make the strategy
work when dealing with four maturity points. Due to the book-value constraint, we will
add a fifth asset, cash, as a balancing item.

4.3.2 Dollar Partial Duration Hedging under Deterministic Scenarios

With the same base scenario of a 5% level yield curve, we simulate Dollar Partial
Duration hedging using five assets: cash, two-year, five-year, 10-year and 30-year bonds,
all with a semiannual coupon rate of 5%.

Table 4.3.2.1 in Appendix 4 captures the hedge positions required for the first 10
projection years.

It is interesting to note that while the DVOI is generally positive, the Dollar Partial
Duration can be negative at selected maturities. This has led to a short position in the
two-year and five-year bonds. This indicates that Dollar Partial Duration hedging might
not be practical for insurance companies. Nonetheless, we shall assume for now that short
selling is permitted and revisit this issue later.

Though DVOL1 of the liability is not the hedge target, the Dollar Partial Duration hedge
strategy hedges the DVO1 as long as the time-to-maturities are selected so that the sum of
the Dollar Partial Duration equals the DVO01 of the same asset.

As with the DVO1 hedge, we insert the positions determined in the base scenario and test
the change in market value of the portfolio under the six artificial deterministic scenarios.
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Table 4.3.2.2 shows the results of Dollar Partial Duration hedging together with a recap
of results of the other three strategies.
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Table 4.3.2.2 Summary of portfolio market value

WMV of Surplus

Change from Base

Unhedged 0 1 2 3 4 5 3] 1 2 3 4 5 3]
WV of portfolio Base $1,172,401 $392,907 $282,377 5018637 51,499,341 | -$2,027470| -$2,504,758 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
WV of portfolio SU $1,172,401 $397,540 5277470 $913,510] 51,494,047 $2,022,058| 52,499,276 1.2% -1L.7% 0.6% DA% 0.3% 0.2%
Cash WV of portfolio $D $1,172,401 $388,259 -$287,209 $923,778| -$1,504,648| -$2,032,394| -$2,510,253 -1.2% 1.7% 06% 0.4% 0.3% 0.2%
Assets | MV of portfolio HSU 51,172,401 791,550 b144,410 -$468,739] -51,031,416| -51,546,197| 52,014,621 101.5%| -151.1%| 49.0%| -312%| =23.9%| -196%
WV of portfolio HSD 51,172,401 152,175 -5853,323 -51,500,730| -$2,105,037| 52,642,550 -$3,124,350) -138.7%| 2022%| 64.3%| 404%| 303%| 247%
WV of portfolio Tilt 51,172,401 519,384 -$618,705 -51,210,136] -51,765,647| -$52,261,440] -b2,708,256)  05.1%| 1191%| 32.79% 17.5% 11.5% 8.1%

MV of Surplus Change from Base
Unhedged ] 1 2 3 4 5 £ 1 2 3 4 5 3]
WMV of portfolic Base $1,172,401 $392,907 -$282,377 $918637| 51,499,341 | -$2,027470| 52,504,758 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Mized WV of portfolio SU 51,172,401 $397,405 -$304,279 -$934,356| 51,506,244 | -$2,059,617| -$2,492,365 1.1% 75% 1.7% 0.5% 1.6% 0.5%
Poolof | MV of portfolio $D $1,172,401 $388,394 -$253,355 $871,927| 51440437 $1,989,887| 52470413 11 -103% 5.1% 3.9% -1.9% 14%
Bonds & | MV of portfolio HEU $1,172,401 Frg516 $131,020 $470,2211 51,013,230 51,538,906 52,021,103 982%| -1464%| 48.8%| 324% 24.1% -193%
Mortgages| MV of portfolio HSD $1,172,401 -$139,901 -$851,545 -51,496,512| -$2,120,351| -$2,580,251| -$3,123,808] -1356%| 2016%| 629%| 414%| 273%| 247%
WV of portfolio Tilt $1,172,401 516,306 -$639,072 -$1,258,223] -$1,817,199] -$2,365,519| -$2,904,862] 95.8%| 1263%| 37.0% 212% 16.7% 16.0%

MV of Surplus Change from Base
DV Hedge 0 1 2 3 4 5 ] 1 2 3 4 5 3]
WV of portfolio Base 51,172,401 $392,068 -$284,931 $923,775| -$1,507,977| -$2,040,560| 52,523,304 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Hedge | MV of portfolio SU 51,172,401 5392466 -5264,186 $922,728| -$1,506,673] -52,039,041| 52,521,609 0.1% 0.3% 0.1% 0.1% 0.1% 0.1%
With Cash| MYV of portfolio 8D 51,172,401 $391,666 -5285,650 $924,826| -$1,509,286] -52,042,084| 52,525,005 0.1% 0.3% 0.1% 0.1% 0.1% 0.1%
e 30-year| MV of portfolic HSU $1,172,401 F410,014 233,259 $842,771| -$1,401,945] 51,913,554 52,379,136 46%| -18.1% 8.8% 7.0% 65.2% 5.7%
Bonds | MV of portfolio HSD $1,172,401 $322,557 -$390,102 -51,050,908] 51,670,501 -$2,225,189| -$2,726,027]  -177%| 369% 14.7% 10.5% 9.0% 80%
WMV of portfolic Tilt $1,172,401 $214,944 -$448,332 -b1076,806] -51,654,065] -§2,183,156) -$2,665,684] 45.2%| S7.3% 166% 9.7% T0% SH%

MY of Surplus Change from Base
Dollar Partial Duration Hedge 0 1 2 3 4 5 ] 1 2 3 4 5 6
MV of portfolio Base $1,172,401 b415,758 5229089 $843,153| -$1,399,546] -F1,901,227| -$2,352,557 0% 00% 00% 0% 0% 00%
Hedge | MV of portfolio SU $1,172,401 $415,859 -$228,949 -$842,944| -$1,399,280( -$1,901,157| -$2,352,280 0.0% 0.1% 0.0% 0.0% 0.0% 0.0%
With 4 | MV of portfolio SD $1,172,401 5415655 -$229,232 $843.366] -$1,399,815] -$1,901,200| -$2,352,5330 0.0% 0.1% 0.0% 0.0% 0.0% 0.0%
bonds & | MV of portfolio HSU $1,172,401 3416971 -b2zd 462 -$831,904| 51,382,894 | -$1,904,172| -$2,335,514 0.3% 2.0% -1.3% -1.2% 0.2% 0D.7%
Cash | MV of portfolio HSD 51,172,401 $391,392 257,392 $878,745| $1441,117] -51,923,242| 52,396,127 5.9% 124% 42% 3.0% 1.2% 1.9%
WV of portfolio Tilt 51,172,401 $382,013 5257260 -$881,783| -$1,460,945] -51,997,160| 52,461,256 3.1% 12.3% 46% 4.4% 5.0% 4 6%
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The Dollar Partial Duration hedge has done exactly what we expected. It mitigates the
volatility of the market value even in the scenario where the yield curve tilts. Therefore,
we have shown that the Dollar Partial Duration hedge works well under artificial
deterministic scenarios. It remains questionable, however, whether it will also work under
more randomly generated stochastic scenarios. We thus perform the same analysis using
the 100 stochastic scenarios described in section 3.2.

4.4  DVO01 and Dollar Partial Duration Hedge under Stochastic Scenarios

The asset positions are first determined based on the yield curve of December 2005, the
initial yield curve of the stochastic scenarios. By doing this, we implicitly assume that the
initial yield curve is the best estimate for the future yield curve. This is likely to be
inappropriate, but it still serves as a good test of the two hedge strategies, as the results
show.

Tables 4.4.1 in Appendix 5 and 4.4.2 in Appendix 6 show the hedge positions for the
DVO0I hedge and the Dollar Partial Duration hedge for the first 10 years of the projection.

With hedge positions determined, we then run the DVO1 hedge and Dollar Partial
Duration hedge through the 100 scenarios and compare the results with the strategy of
cash only and with a mixed pool of assets.

Given the relatively large number of scenarios, we will show the standard deviation of the
portfolio market values over the 100 scenarios instead of values for each scenario
individually. Table 4.4.3 captures the standard deviations of the market value of the
portfolio for the four strategies over the first six years.

Table 4.4.3 Standard Deviations of Market Value
Year 1 Year Year 3 Year 4 Year 5 Year &
Cash Cnly 289,131 | 5506,341 | 3618,574 |§737,305 | §769614 | 5832017
Mixed Pool of Assets 280,666 | 5469804 | $565,504 | BH55,525 | §676,842 | $713,500
Dol Hedge 536,220 | $47.965 | $59,993 | §¥8,516 | $93,992 | F115,122
Dollar Partial Duration Hedge |  $11,152 | $25,110 | 341,266 | 360,690 | $48.460 | $51,930

The results show declining standard deviation when we move from “Cash Only” to
“Dollar Partial Duration Hedge.” We thus conclude that the Dollar Partial Duration hedge
effectively mitigates interest-rate risk of the whole-life product.

However, there is still one big problem with the Dollar Partial Duration hedge: Short
positions in bonds are not practical for insurance companies. Even if they were allowed,
it may not be possible to find a sufficient number of bonds in the market that could be
borrowed and sold. We propose to overcome this problem by using bond futures.

In the next section, we describe hedge strategy using futures in more detail and look at

the results of the simulation.
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5. Hedging with Futures

A bond futures contract always starts with a zero price. As time progresses, the price of
the contract depends on the price of the underlying bonds, which moves when interest
rates change. Based on this, we can calculate the DV01 and Dollar Partial Duration of a
bond futures contract. Futures also provide some desirable features that bonds cannot.

Insurance companies can take short positions in futures for hedging purposes.

The futures market has relatively good liquidity, and large positions tend to affect
the market much less than large positions in bonds.

c. Futures do not affect the book value of assets, so that insurance companies can
add assets that maximize their book yield and use futures to hedge against any
balancing interest-rate risk.

d. The term of the futures can be selected to correspond with the frequency of hedge
review. The term of the futures is the period from the start of the contract to the
date when the underlying bond is delivered. The underlying bond can have a
much longer term, even if the term of the futures is only 30 days.

If the hedge position is reviewed monthly, the insurance company can add 30-day futures
at every review point. This way, futures hedge interest-rate risk only in the next month.
This makes hedge planning much simpler. Bonds are of much longer term, and their
impact could span as long as 30 years, during which there could be much uncertainty
regarding the interest movement and any change in the characteristics of the liabilities or
the bond market. At the maturity of the futures, the insurance company can cash settle
instead of having to purchase the underlying bond.

However, having the term of the futures the same as hedge-review frequency means that
the market value of the futures is always zero at each review date. We thus cannot
analyze the impact of the hedging strategy with futures by looking at the movement of the
market value. Futures have a maturity cash flow when cash settled, and this cash flow
increases the profit of the product when it is positive and reduces the profit when it is
negative. In theory, this hedges against the change in profit due to the interest-rate
movement. Therefore, we will analyze the effectiveness of futures hedging by looking at
the profit.

In the next two sections, we will provide details of futures hedging against DVO1 and
Dollar Partial Duration, respectively.

5.1 Futures Hedging against DV01
The hedging strategy is to hedge against the DVO1 of liabilities with the DVO1 of futures

contracts. We simulated a quarterly hedge review with a futures contract term of 90 days.

The term of the futures is easy to determine, but the term of the underlying bond is not.
As far as DVO1 hedging is concerned, futures on a one-year bond and futures on a 30-
year bond will work equally well. Futures on a one-year bond have less DV01 and thus
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require more in notional amounts to hedge the liabilities. However, Table 4.4.2 in
Appendix 5 shows that the liabilities are most sensitive to 30-year shock, with a 30-year
Dollar Partial Duration larger than other Dollar Partial Duration in absolute amount. It is
perhaps more effective to hedge DVO01 using futures on a long-term bond, so that the
futures can provide more protection against movement in the long end of the yield curve.

Thus we tested four strategies to compare the hedge effectiveness. More specifically they
are:

- Strategy 1: assets in cash only;
- Strategy 2: mixed pool of assets;

- Strategy 3: mixed pool of assets plus futures on one-year bond to back DVO01;
and,

- Strategy 4: mixed pool of assets plus futures on 30-year bond to back DVO1.

Unlike the prior DVO01 hedge exercise, we originally planned to assume a mixed pool of
assets and also the futures. Our intention was that the futures hedge the balancing DVO01
not covered by the mixed pool of assets. During our tests in modeling, we noticed that the
mixed pool of assets had a very small DVO1 compared to the liabilities. This was
consistent with our earlier findings that much larger amounts of bonds than book value of
liabilities are required to match the DVOI of the liabilities. Thus, for computational
convenience, we have modeled futures to match the DVO01 of liabilities instead of the
balancing DVOI after the effect of the pool of assets.

Table 5.1 summarizes the statistics of the present value of pretax book profits at a
discount rate of 12% over the 100 scenarios for each of the strategies.
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Table 5.1: Statistical Measures of Frofits over 100 scenarios

Strategy 1: Cash Only

FV of Fre-Tax Book Frofits Frofit Margin
Mean bE70,365 10%
Standard Deviation b435 070 6%
Minimum (5265307 4%
Mazximum 51,918,077 7%
Omartile 1 F344,741 5%
Median b65e, 761 9%
Cuartile 3 b940,135 13%
Mazimum - Minfmum $2,183,333 3l%
Cuartile 3 - Quartile 1 595,204 8%

strategy 2: Mixed Pool of Assets

FV of Pre-Tax Book Frofits Frofit Margin
Mean bass 7Ty 8%
Standard Deviation 311,475 4%
Minimum Ch102,970 -1%
Mazimum B1.465,635 21%
Cartile 1 276,360 5%
Median boes41z 2%
Cuartile 3 $800,302 11%
Maximum - Minfmum 51,568,604 2%
Cartile 3 - Quartile 1 b423 441 6%

Strategy 3: Futures on 1-vear Eond

FV of Pre-Tax Book Profits Frofit Margin
Mean (57,979 1%
Standard Deviation 379 106 5%
Minimum CBTT 83600 -11%
Mazimum 51,395,529 20%
Cuartile 1 (5357,331) 5%
Median ($58,228) 1%
COmartile 3 $203,519 3%
Mazimum - Minfmum $2,173,376 31%
Cartile 3 - Quartile 1 F560,850 5%

Strategy 4: Futures on 30-vear Bond

FV of Pre-Tax Book PFrofits Frofit Margin
Mean BL120 456 2%
Standard Deviation $249,768 4%
Minimum 5276, 696 A%
Mazimum $1,155,384 16%
COmartile 1 ($53,961% 1%
Median Fe.145 1%
Onartile 3 5198,004 3%
Mazimum - Minfmum B1.432,079 20%
Cuartile 3 - Quartile 1 251,966 4%
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The hedging strategy does not seem to work very effectively. It reduces the average
profitability while not reducing the volatility by a large degree. However, the results
confirm our conjecture that futures on 30-year bonds are better than futures on one-year
bonds. We then turn to the Dollar Partial Duration hedge with futures and expect better
results.

5.2 Futures Hedging against Dollar Partial Duration

We still have the mixed pool of assets, and then hedge the balancing Dollar Partial
Duration with 90-day futures on a two-year bond, a five-year bond, a 10-year bond, and a
30-year bond.

Again, because the mixed pool of assets has a much smaller Dollar Partial Duration
compared with liabilities, and for computational convenience, we have modeled futures
to match the Dollar Partial Duration of liabilities instead of the balancing Key Rate 01
after the effect of the pool of assets.

Table 5.2 summarizes the statistics of the present value of pretax book profits at a
discount rate of 12% over the 100 scenarios for each of the strategies.
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Table 5.2 Statistical Measures of Profits over 100 scenarios

Strategy 1 Cash Only

PV of Fre-Tax Book Profits Frofit Marzin
Mean ¥670,385 10%
Standard Deviation F$435,070 6%
Minimum ($265,207) 4%
Mazximum 51,918,077 2%
Quartile 1 F$344,741 5%
Median $656,761 9%
Quartile 3 $940,135 13%
Mazimum - Minimum $2,183,383 %
Quartile 3 - Cuartils 1 $595,394 5%

Strategy 2 Mixed Pool of Assets
PV of Fre-Tax Book Profits Frofit Marzin
Mear 588,777 3%
Standard Deviation F311475 4%
Minimum CELOZ,970) -1%
Mazximum 51,465,635 21%
Quartile 1 B376,860 5%
Meadian $o6g,412 5%
Ouartile 3 $200,302 11%
Maximum - Minimum 51,568,604 2%
Quartile 3 - Cuartils 1 F423,441 6%
Strategy 3 Futures on 30-vear Bond
PV of Fre-Tax Book Profits Frofit Margin
Mear F120.486 2%
Standard Deviation 5249768 4%
Minimum (Fe276,606) 4%
Mazximum 51,155,384 16%
Quartile 1 ($53,961) -1%
Meadian 587,745 1%
Quartile 3 $198.004 3%
Mazximum - Minimum 51,432,079 20%
Quartile 3 - Cuartils 1 $251,966 4%
Strategy 4 Dollar Partial Duration Hedge with Futures
PV of Pre-Tax Book Profits Profit Margin
Mearn 369,146 1%
Standard Deviation 230,653 3%
Minimum (F365,936) 5%
Mazximum $1,031 698 15%
Quartile 1 (89,138 A%
Meadian 44,140 1%
Quartile 3 157714 2%
Mazximum - Minimum 51,397 634 20%
Cuartile 2 - Quartile 1 F246,6852 4%
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The results show no significant improvement in hedge effectiveness, either. In fact, it
appears that the introduction of futures on two-year, five-year, and 10-year bonds has
little impact on the results. This seems to contradict the conclusions in Section 4. We
offer an explanation below.

5.3 Overhedge v. Underhedge

Both DVO01 and Dollar Partial Duration can be categorized as market-value hedging,
because their purpose is to stabilize the market value of the portfolio when interest rates
move. We have seen that they work fine in Section 4. Statutory profits, on the other hand,
are driven largely by cash flows and changes in statutory reserve.

Because the hedge target represents change in the market value of liabilities instead of
change in statutory reserve, the hedge effectiveness is largely reduced. Had the statutory
reserve been calculated in a similar manner to the market-value approach, we would
expect the hedge effectiveness to be very close to the effectiveness on the market value of
the portfolio. The adoption of either principle-based reserves or fair value accounting
would make the hedging appear more effective.

However, by adjusting the hedge position, we might still achieve reasonable hedge
effectiveness, since it is likely that DVO1 and Dollar Partial Duration hedge strategies
either overhedge or underhedge the movement in the cash flows. The results in Table 5.2
seem to indicate that overhedge occurs, which means that accumulating too many futures
makes hedging appear too costly, due to significant reduction of average profits.
Nonetheless, we tested the two strategies again, first assuming that only 80% of the
DVO01 or Dollar Partial Duration is hedged, and then 120%.

Table 5.3 summarizes the statistics of the present value of pretax book profits at a
discount rate of 12% over the 100 scenarios with 80%, 100%, and 120% DVO01/Dollar
Partial Duration hedged.
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Table 5.3 Part 1: Statistical Measures of Profits over 100 scenarios for DVOL

Table 5.3 Part 2: Statistical Measures of Profits over 100 scenarios for Dollar Partial Duration

Strategy 1: 80% DV01 Futures on 20-yr Bond

PV of Pre-Tax Book Profits|  Profit Margin
Mean 214,144 3%
Standard Deviation F$157,000 2%
Minimum (560,834 1%
Mazximum $903,713 13%
Quartile 1 5115550 2%
Median 5182264 3%
Quartile 3 $274,2685 4%
Mazximum - Minimum Fo64,547 14%
Cartile 3 - Quartile 1 158,726 2%

Strategy 2:

100% D01 Futures on 30-yr Bond

Strategy 1: 80% Dollar Partial Duration Hedge with Futures

PV of Fre-Tax Book Frofits Frofit Margin
Mean 5173072 2%
Standard Deviation 5147 543 2%
Minimum (5132,226) 2%
Mazimum $504,764 11%
Quartile 1 551,218 1%
Median 5148450 2%
Quartile 3 240,115 3%
Maximum - Minimum 936,991 13%
Cmartile 3 - Quartile 1 $158,397 2%

PV of Pre-Tax Book Frofits

Frofit Margin

Strategy 2: 100% Dollar Partial Duration Hedge with Futures

BV of Fre-Tax Book Frefits Frofit Margin
Mean 569,146 1%
Standard Deviation 5230653 3%
Minimum (5365,936) 5%
Mazimum 1,031,698 15%
Cuartile 1 (F89,138) 1%
Median B44,140 1%
Quartile 2 5157,714 2%
Mazimum - Minimum 51,397 634 20%
Cmartile 3 - Quartile 1 246,352 4%

Mean 120,456 2%
Standard Deviation F240 765 4%
Minimnm (5276,696) A%
Mazximum $1,155,384 16%
Quartile 1 ($53,961) 1%
Median 557,745 1%
Quartile 3 B5198,004 3%
Mazximum - Minimum 51,432,079 20%
Cartile 3 - Quartile 1 251,966 4%
Strategy 3: 120 % DV0L Futures on 30-yr Bond

PV of Pre-Tax Book Profits|  Profit Margin
Mean b26,527 0%
Standard Deviation $340,922 5%
Minimum (492,557 %
Mazximum $1,407,054 20%
Cuartile 1 (226,603 3%
hedian (F22,561) 0%
COnartile 3 5163,010 2%
Maximum - Minimum 51899612 27%
Cmartile 3 - Quartile 1 5280613 6%

Strategy 2: 120% Dollar Partial Duration Hedge with Futures

PV of Fre-Tax Book Frofits Frofit Margin
Mean (534,780 0%
Standard Deviation $3z3e21 5%
Minimum (5599,646) 9%
Mazimum $1,258,631 18%
Quartile 1 (257,668 4%
Median (F73,1700 1%
Cuartile 3 580,533 1%
Mazimum - Minimum $1.856,277 6%
Cartile 3 - Quartile 1 $5335,201 5%
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The results show that with only 80% DVO01 or Dollar Partial Duration hedged, the futures
contracts provide a better hedge than when 100% hedged, whereas 120% hedged is the
worst. This supports our argument that when DV01 and Dollar Partial Duration are
sought to hedge against fluctuation in cash flow, or profits, an underhedge position is
more effective.

However, it is likely that 80% might not be an optimal position with which to achieve
maximum hedge effectiveness. Insurers may have to test more positions to decide what
position to take.

Another interesting point is that a Dollar Partial Duration hedge does not improve the
effectiveness much, compared to DVO1 with futures on a 30-year bond. This is partly
because futures on a 30-year bond provide some protection against the 30-year exposure,
which affects the liabilities more than the other three maturity point exposures. Also, the
rather short hedge-review frequency—quarterly—helps mitigate changes to interest rates.

6. Interest Rate Hedge Analysis of Long-term Care Products

We performed similar analysis for a long-term-care product to show that the hedge
strategy described applies to both traditional life and health products. Long-term Care
products are usually designed to offer lifetime benefits with an elimination period of 90
days or more. The premium size and pricing assumptions are given in Appendix 7 for
reference. Again, the liability profile is assumed to consist of newly issued policies as of
December 2005, to males only, at ages 45, 52, 57, 62, 67, and 75. Their sales distribution
is as follows:

Ape| Sales Distribution
45 8%
52 15%
57 24%
2 23%
67 16%
75 14%
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We have included three benefit increase options: increasing at a compound rate of 5%, a
simple rate of 5%, or 0%. The distribution is as follows:

Eenefit Increase Type Distribution
Compound at 5% 59%
No Increase 15%
Simple at 5% 26%

As with the whole-life product, the first step is to look at the sensitivity of the profit
results when the product is priced over the 100 stochastic interest rate scenarios. The
table below shows the NPV of statutory pretax book profits at the discount rate of 12%,
as well as the profit margin. As previously mentioned, since the projection period of the
Academy scenarios is limited to 30 years, we only captured 30 years of projection results.

Statistical Measures of Profits over 100 scenarios

BV of Pre-Tax Book Profits| Profit Margin
Mean 3694 BED 14%
Standard Deviation F304 228 6%
Minimum }26,490 1%
Mazimum $1,590,854 32%
Cuartile 1 5474427 10%
Median BETE,226 14%
Quartile 3 F903,270 15%
Mazximum - Minimum F1,564,364 I2%
Cuartile 3 - Quartile 1 F428,543 Q%

The results are similar to those we observed with the whole-life product. The range of
profit values across different scenarios is quite wide.
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With the belief that DVO1 and Dollar Partial Duration hedges would reduce volatility of
the market value of the LTC product just as they did for whole life, we calculated the
standard deviation of the portfolio market values over the 100 scenarios for the first six
years just as we did in Table 4.4.3 for whole life. The four strategies captured are the
same as those applied to the whole life described in section 4.2.2. The table below

displays the results.
Standard Dewiations of Market Value
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
Cash Only 310,140 [$533,844 [$653,140 | $780,554 | 5811,246 | $876,220
Mized Pool of Aszets 5291266 | B501,194 | 8613166 |§726,720 |§753 600 | $804,205
Dyl 522,296 | p63,054 | 373,908 | 396,906 | 5123063 | $140,055
Dollar Partial Duration Hedge | F10,041 | $26,012 | 537,258 | 357,071 | $50,020 | $83,268

The problem of having to short sell bonds for Dollar Partial Duration hedging applies to
the LTC product, too, leading us to look at the impact of adding futures positions instead.
We have observed that an underhedged position helps to mitigate volatility in profits
better than an overhedged position. The table below summarizes the statistics of the
present value of pretax book profits at a discount rate of 12% over the 100 scenarios with
80%, 100%, and 120% DVO01/Dollar Partial Duration hedged.

Milliman, Inc.
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Statistical Measures of Profits over 100 scenarios for DV0L

Statistical Measures of Profits over 100 scenarios for Dollar Partial Duration

Strategy 1: 80% Dollar Partial Duration Hedge with Futures

BV of Pre-Tax Book Profits Frofit Margin
Mean bezl,246 5%
Standard Deviation $219,323 4%
Minimurm (60,830 1%
Mazimum $1,193.277 24%
Cuartile 1 80,666 2%
Median 184,001 4%
Cuartile 3 5201,733 6%
Mazimum - Minimum b1,254,115 26%
Cuartile 3 - Quartile 1 F211,067 4%

Strategy 1: 30% DV01 Futures on 30-yr Bond

FYV of Pre-Taz Book Frofits| Profit Margin
Mean b228,877 5%
Standard Deviation F225,513 5%
Minimurm (F67,910) 1%
Mazimum 51,260,335 26%
Juartile 1 Fo0p54 1%
Median 188609 4%
Juartile 3 281658 6%
Mazimum - Minimum $1,328,245 27
Quartile 3 - Quartile 1 Fezz 004 5%

Strategy 2 100% DV01 Futures on 30-y1 Bond

FYV of Pre-Taz Bock Frofits| Profit Margin
Mean 126,812 2%
Standard Deviation 328,454 %
Minimurm (k323,407 1%
Mazximum $1,535,563 3l%
Quartile 1 (121,408 3%
Median b6z 404 1%
Ouartile 3 F220.482 5%
Mazimum - Minimum $1,859,060 38%
Quartile 3 - Quartile 1 F260,800 T

Strategy 2 100% Dollar Partial Duration Hedge with Futures

BV of Fre-Tax Book Profits Frofit Margin
Mean FL17.273 2%
Standard Deviation $316,232 6%
Minimurm (F310,308) H%
Mazimurm 1,451,740 30%
Chartile 1 (F114,5200 2%
Median 32,864 2%
Cuartile 3 Flo7 622 4%
Mazimum - Minimum F1,762,048 36%
Cuartile 3 - Quartile 1 F312,142 6%

Strategy 3 120 % Dv01 Futures on 30-vr Bond

FYV of Pre-Taz Bock Frofits| Profit Margin
Mean 24746 1%
Standard Deviation F443 295 9%
Minimurm (580,847 -12%
Mazximum 51,810,791 3%
Quartile 1 ($340,155) 1%
Median (545,747 1%
Ouartile 3 FL77 432 4%
Mazimum - Minimum 52,391 637 40%
Duartile 3 - Quartile 1 517,586 11%

Strategy 3: 120% Dollar Partial Duration Hedge with Futures

BV of Fre-Tax Book Profits Frofit Margin
Mean $13,300 0%
Standard Deviation F415,501 5%
Minimum (559,777 11%
Mazimurm B1,710,203 35%
Cuartile 1 (5317,798) £H%
Median (21,724 0%
Cuartile 3 139,199 3%
Mazimum - Minimum F2.260,980 46%
Cuartile 3 - Cuartile 1 5456,997 9%
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As expected, the results observed in the LTC product are very similar to those of the
whole-life product. Again, DVOI1 or Dollar Partial Duration hedging works very well in
terms of reducing volatility in the market value of the portfolio, but far less so in terms of
reducing the pretax statutory profits.

7. Swaps

Though bond futures were modeled, it would be equally effective if interest-rate swaps
were employed. Swaps with different terms could offer the same protection against
different time-to-maturity exposures. Instead of providing a hedge through maturity cash
flows from futures, swaps hedge mainly through the change in the market value of the
swap contract. There will also be some cash flows resulting from the difference in the
fixed/floating leg coupon payments, but the impact of these cash flows is expected to be
much less than the change in the market value.

We chose to model bond futures for the simplicity of modeling and analysis. In reality,
swaps are perhaps more popular as hedge instruments due to the more liquid market in
the long-term swaps.

8. Summary

Listed below are the key points we learned through this research project.

a. The profitability of both nonpar whole-life and long-term-care products can be highly
dependent on the level of interest rates—even before consideration of dynamic
policyholder behavior. Pricing with only one interest scenario might significantly
understate the interest-rate sensitivity of the product.

b. While duration is a common measure of interest sensitivity of insurance products, it
produces results that are difficult to interpret when renewal premiums are deducted
from liability cash outflows.

c. For hedging purposes, it is really the dollar change in value relative to interest-rate
changes that matters. Therefore, we propose to use DVO1 as a measure of interest-rate
sensitivity of the insurance product. DVO1 also eliminates abnormal results that a
duration measure might produce because of renewal premiums.

d. The DVOI hedge strategy works as long as the size of the change in the interest rate is
relatively small and the shape of the yield curve is relatively unaltered.

e. Dollar Partial Duration is a measure of interest sensitivity assuming the shape of the
yield curve changes. A Dollar Partial Duration hedge mitigates the interest-rate risk
even when the shape of the yield curve alters.

f. Bonds, in theory, can be used as hedge instruments when a DVO1 or Dollar Partial
Duration hedge strategy is pursued. However, the potential short positions in bonds
make it impractical for insurance companies.
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g. Bond futures provide an alternative to using bonds to hedge. With the term of futures
contracts corresponding to the review frequency, an insurance company can follow a
true dynamic hedging strategy.

h. Futures on a 30-year bond offer significant 30-year exposure, which affects the
liabilities more than other time-to-maturity exposures. Futures on 30-year bonds
provide a more effective hedge than futures on one-year bonds.

i. A DVOI hedge with futures on 30-year bonds affords just as effective a hedge as a
Dollar Partial Duration hedge with futures on two-year, five-year, 10-year, and 30-
year bonds, provided that hedge positions are reviewed on a frequent basis.

j.  DVOI and Dollar Partial Duration hedges do effectively hedge volatility in market
value, but they overhedge volatility in statutory profits. A change in the reserve basis
to a more “market value” basis, such as PBA or fair value option, would make the
hedge more effective and attractive.

k. As both DVO1 and Dollar Partial Duration are based on a one-basis-point shift in
interest, neither strategy manages to eliminate the entire interest-rate risk in practice.
More frequent hedge-position review, such as monthly or even weekly, could help
mitigate this problem. The insurance company can also consider a second-order
change in the value relative to the change in interest. However, an insurance company
must strike a balance between the cost of hedging and the effectiveness of hedging.
Hedging provides protection at the cost of profit.
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Appendix 1 Survey Form
Interest Rate Hedging on Traditional Health and Life Products

Section 1: General Information

QL.

What percentage of your inforce portfolio are traditional health and life products?

Reserve

Traditional Life

Traditional Health

Other (Int. Sensitive, etc.)

Total

What percentage of this portion of your inforce portfolio was priced using a single
projection of interest rates? Does your company price these traditional products
currently with a single rate or single set of rates? If not, what method is used?

What percentage of this portion of your inforce portfolio are recurring premium
products? Do you consider the recurring premium in calculating liability
durations?

Premium Paying Paid Up

Traditional Life

Traditional Health

Other

Total

Section 2: Details of Hedging Strategy

%

Are any of these products hedged directly using specific securities against interest
movement?
(If yes, please complete this section. If no, please go to Section 3.)

Q5. What is the target to be hedged?

(e.g., asset liability duration matching, asset liability cash flow matching,
providing minimum guarantees, minimizing VaR, etc.)

What hedging instruments have you used? Which of these is most commonly
used?
(e.g., swaps/swaptions, futures/forwards, caps, etc.)

What is your measure of the effectiveness of hedging? What measures do you use
to quantify your hedge effectiveness (effective duration as in AP/Ai, etc.)? What
is the main measure of success?
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Q8.  How often do you review the hedging strategy?

Q9. Does the hedging strategy cover all the interest-rate risk you intend to hedge?
(If your answer is yes, please go to Q12. If your answer is no, please answer Q10
and Q11.)

Q10. Why have you decided not to hedge fully?

Q11. How do you manage the risk that is not hedged?

Q12. How do you think your hedging strategy might be improved?

Section 3: Others

Q13. Did your company consider the impact of interest-rate movements in designing
the investment strategy to support these liabilities? If so, how? If not, were there
specific reasons to go unhedged?

Q14. Do you monitor and manage unhedged positions on a regular basis?

Q15. How likely are you to pursue an interest-rate hedging strategy in the future?

Milliman, Inc.
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Appendix 2 Premium Size and Pricing Assumptions of the Whole-life Product

1. Premium Size

Age|Premium per %o Face Amount]
25 10
35 15
45 20
55 30
65 50

2. Commission Rate

Year] Commission
1 80%
2-10 10%
11+ 25%
3. Expenses

Premium RelateqFixed Dollar

Acquisition 15% 200
Maintenancs 2% 50
4. Mortality

1990-95 Basic ALB Select and Ultimate

5. Lapse
Year Lapse
1 15%
2 8%
3+ 5%
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Book Value of Liability
Cther non-edager liabilties
Cther non-edger sssets
Target surplus balance
Eook Yalue of Liability
Book Value of Assets
Cost basis
Cost basis (Cash)
Cost basis (30-year Bond)
Azzet Purchasze cash flow
Purchaze cash flow
Purchase cazh flowe (Cazh)
Purchase cazh flow (30-year Bond)
Azset hotional Amourt
Mctioral Armaurt total
Mational Amount (Cash)
Mational Arnourt (30-yesr Bond)
Lighility 001
Lizhility L0
Azzet DWD1

Azzet DV

71,378
i
277 53

349,025

348,025
2,437,396
2,766,424

349,025
2,437,396
2,756,424

348,025
2,437 396
2,756,424

4,306

4,306

§11,268
o
261,963

1,073,231

1 073,231
1,972,387
3,046,195

724,204
454,430
288,774

1,073,231
1,972,967
3,046,195

4,541

4 F41

Appendix 3 Table 4.2.2.1:

DV01 Hedge Summary Report

1,439,492
0
264,525

1,704,320

1,704,320
1,568,376
3,273,196

631,089
404,090
226,395

1,704,320
1,568,876
3,273,196

4,914

4,914

2,027 283
o
274,116

2,301,399

2,301,399
1,170,445
3,471,847

597,079
396,429
188,651

2,301,399
A,170,447
3,471,847

5,134

5134

4

2,553,489
0
281,708

2,836,196

2/835,197
507,725
5,542,922

553,705
362,723
171,076

2,835,197
507,724
53542,921

5,301

5,301

3,021,554
o
287,713

3,309,307

3,308,307
475,895
3,786,202

474,110
326,830
145,250

3,308,307
475,594
3,788,201

5418

5418

3,433,551
0
282,189

3,726,020

3,726,020
183,417
3,809,437

416,713
285,475
121,236

3,726,020
183,416
3,809,436

5,485

£ 453

3,792,653
o
285,201

4,087,764

4,057,754
79,356
4,008,399

361,734
262,773
95,961

4,087,753
79,356
4,008,397

5515

5515

4,100,720
0
29,536

4 397 566

4,307 557
310,695
4,088,561

309,502
231,540
75,463

4,397 555
310,696
4 056,559

5,439

5,499

4,361,213
0
297,194

4,656 406

4,558,405
511,811
4,145,495

2R0,551
201,216
59635

4,558,406
511,912
4,145,495

5,445

5,446

10

4,571,935
0
298,187

4 A68,122

4,868,122
678,763
4,159,355

209,714
166,852
42,582

4,868,120
678,763
4.159,357

5,356

5,356
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Eook Walue of Liakility
Other nondedger lishilities
Cther nondedger aszets
Target surplus balance

Eook Walue of Liahility
Biook: Walue of Azsets
Cost basiz
Cost hasiz (Cazh)
Cost hasis (2-year Bond)
Cost hasiz (b-year Bond)
Cost basiz (10-yvear Bond)
Cost basiz (30-year Bond)
Azset Purchaze cash flow
Purchaze cash flow
Purchaze cash flow (Cash)
Purchasze cash flow (2-year Bond)
Purchaze cash flow (5-year Bond)
Purchaze cash flow (1 0-year Bond)
Purchaze cash flow (30-year Bond)
Lzset Motional Amount
Motional Aot totzl
Motional Arnount (Cash)
Motional Amount (2-year Bond)
Mational Amount (G-yesr Band)
Motional Arnount (10-wesr Bornd)
Motional Amount (30-year Bond)
Lighility 2-yr Dwlla Partial Duration
Lighility 2-wear Dolla Partial Duration
Aszet 2oyr Dolla Partial Durstion
Azzet Dolla Partial Duration 2-year
Lizkility S=yr Dulla Partial Duration
Lighility 5-wear Dolla Partial Duration
Aszet Sy Dolla Partial Durstion
Azzet Dolla Partial Duration S-year
Lizkility 10-yr Dolla Partial Duration
Lighility 10-year Dolla Partial Dursation
Aszet 10-yr Dolla Partial Duration
Azzet Dolla Partial Duration 10-year
Lizkility 30-yr Dolla Partial Duration
Lighility 30-year Dolla Partial Durstion
Aszzet 30-yr Dolla Partial Duration
Azzet Dolla Partial Duration 30-year

0

71,375
a
277 553

349,028

549,025
1,019,131
2,032 567
2073 567

570,353
3,806,753

549,025
1,019,131
2,052 567
2073 567
570,353
3,806,753
549,025
1,019,131
2,052 567
2,073 567
570,353
3,806,763
382

362

807

907

288

289
5,379

5,879

1

811,268
0
261,963

1,073,231

1,073,231
1,677,225
1,527 53
2 560, 455

354,709
3,939,003

724,203
B58,093
504,536

586,591
15,544
132,221
1,073,231
1,677,225
1,527 531
2 550 455
354,709
3,939,004
348

348

802

502

&9

89

5,597

5,697

Appendix 4 Table 4.3.2.1:
Dollar Partial Duration Hedge Summary Report

2

1,439,492
0
264,525

1,704,320

1,704,320
387 418
921 483

3,287 574

363,061
4,066,154

4 401 575
1,289,507
416,547
527216
28,353
127,151
328,347
357 415
4,111,164
3,287 574
383,061
4,066,155
318

318

51

591

421

421

5,495

5,498

3

2,027,263
0
274,116

2,301,399

2,301,399
712,711
1,737,004
5,875,154
462,975
4,159,514

1401916
325,293
1,320,357
587 480
78814
123,659
2,326,000
712,711
1,761 504
3,675,154
452,975
4,189,514
288

268

577

577

709

709

5,285

5,285

4

2,553,489
0
281,705

2,535,196

2,535,196
1,288,295
1 978,595

4138 860

503,545
4,311 612

950,444
575,583
B58,338

264,706
140,670
121,798
2,756,543
1,288,295
1,900,342
4139 60
503,545
4,311 612
288

259

451

461

954

954
5062

5 062

5

3021 594
i
287,713

3,309,307

3,309,307
1,094,966
759,403
2164,134
513,995
4,433,067

278 41
193,529
101,064
88,140
210,450
121 485
1801817
1 094,966
1,035 481
4 238,000
13,995
4,433,066
23

231

345

345
11568
1158
4532

4,532

B

3,433,531
i
292,159

3,726,020

3,726,020
1,460,363
432,292

1 62,576
1,059,487
4,555 479

455 463
365,397
33,228
85,033

245,497
122,363
2557 G4
1,460,363
1,264
2,399,704
1,058,487
4,555 479
{95

195

249

249
1,330
1,330
4,599

4,599

=

3,792,553
i
295 201

4,057,754

4,057,753
1,393,299
373437
17 756
1,391,129
4,679,936

B4 418
7,063
7,791

117 572
531 42

124 507
2,274 503
1,393,299
74 421
-1 593,182
1,391,129
4,679,936
155

155

67

67

1,469
1,469
4,363

4,363

g

4,100,720
i
296,536

4,397 566

4,397 557
1,553,972
140,70
519
1,514,542
4,807 545

53 560
160,672
432,910
371 555
473513
127,612
24567 315
1,563,971
1,345 446
FABA17
A A14,542
4,807 545
S8

16

o5

o5

1,579
1,579
4175

4128

9

4,361,213
a
297 194

4,655,408

4,555,405
1,534 554
5275149
546,956
2,354, 404
4,939,093

411,645
250,562
494,309
550,300
519,762
131,545

2 556 475
1,534,554
2,300,514

417 545
2,334 404
4,939,093

56

56

10

4,571,935
0
256,167

4,568,122

4,565,122
1,978,035
1,354,380
1,782,254
2,582,330
5,075,142

351 559
143 454
590,072
837,125
518,275
136,049
2,295 356
1,375,035
5,421,938
1,550,295
2,952 563
5,075,142
&4

54

30

30

1,719
1,719
3,667

3,667

360
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Eook Walue of Liability
Cther nondedger lishilties
Cther nondedger assets
Target surplus balance
Book VWalue of Liakility
Bioolk: Walue of Azsets
Cost basis
Cozt basis (Cash)
Cost baziz (30-year Bond)
Azset Purchase cash flow
Purchase cash flow
Purchase cash flow (Cash)
Purchase cash flow (30-wear Bond)
A==zt Motional Amournt
Mational Amourt total
Motional Amount (Cazh)
Motional Aot (30-vear Bond)
Lizbility 0O
*
Liability D01
Azzet DWOT

Azzet DV

71,375
0
277 553

349,028

348025
2,638,304
3,167,331

349,028
2.538,304
3,167,331

349,022
2,538,304
3,167,326

£,290

5,200

&11,265
0
261 363

1 073,231

1,073,231
_2,363 667
3,436,915

724,203
474517
249 557

1,073,226
_2,363 a6
3,436,913

5513

5613

Appendix5 Table 4.4.1:
DVO01 Hedge Summary Report December 2005

1,439,492
i
264,528

1,704,320

1,704,320
1,848,537
3,553,556

£31,089
414,150
216,935

1,704,314
1,848,538
3,663,861

5,571

5571

2,027 253
0
274116

2,301,399

2,301,399
1,541,093
3,542 497

597,079
405,435
158,641

2,301,393
1,541,095
3,547 493

6,070

£,070

4

2,653 489
i
281,708

2,635,196

2,535,197
1,168,585
4,003,781

533,797
372,514
161,283

2,535,190
1,168,584
4,003,776

5,213

6213

3,021 594
i
267713

3,300,307

3,309,307
530,241
4,139,547

474110
338,344
136,766

3,309,300
530,240
4,138,542

&304

§,304

3,433,551
0
292,159

3,726,020

3,726,020
525 581
4,261 B11

416,713
304,549
112,064

3,726,013
525,551
4,261 605

6,345

6,345

3,792,553
i
295,201

4,087,754

4,087,754
264,053
4,341 507

361,734
271,638
90,195

4,087,746
254,053
4,341 501

§,340

§.340

4,100,720
0
296, 536

4,397 556

4,397 557
14,418
4,411,976

309,503
239,635
70,168

4,397 549
14,418
4,411,369

6,292

£,202

4,361 213
0
247 134

4 F55 405

4 F58 405
184 544
4,463 364

260,552
208,963
51,559

4 558,402
194 545
4 463 355

6,204

6,204

10

4,571,935
i
296,187

4,868,122

4 868,122
368,534
4 499 555

209,715
173,990
38,724

4,568,116
368,535
4,499 552

§,080

§,080
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Book Walue of Liskility
Cther non-edger liabilties
Cther non-edoger assets
Target surplus balance

Book Yalue of Lishility
Book Value of Assets
Cost baziz
Cost basis (Cazh)
Cozt basis (2-year Bond)
Cozt basis (5-year Bond)
Cozt basis (10-year Bond)
Cost basis (30-year Bond)
Azzet Purchase cash flow
Purchasze caszh flow
Purchase cazh flow (Cash)
Purchase cazh flow (2-year Bond)
Purchase cash flow (G-year Bond)
Purchasze cazh flow (10-year Bond)
Purchasze cazh flow (30-year Bond)
Azzet Motional Amourt
Matioral Arount total
Motioral Amourt [ Cazh)
Maotional Arourt (2-year Bond)
Motional Amourt (S-year Bond)
Motional Amourt (10-year Bond)
Motional Amourt (30-year Bond)
Lighility 2-ywr Dollar Partial Duration
Liability 2-year Dollar Partial Durstion
Azzet 2ot Dollar Partial Durstion
Azzet Dollar Partial Duration 2-year
Liahility &-yr Dollar Partial Duration
Liability 5-year Dollar Partial Duration
Aszet ooy Dollar Partial Duration
Aszzet Dollar Partial Duration S-year
Lighility 10-yr Dollar Partial Duration
Liakility 10-year Dallar Partial Duration
Azzet 10-yr Dollar Partial Duration
Aszzet Dollar Partial Duration 10-year
Liahility 30-yr Dollar Partial Duration
Liability 30-year Dollar Partial Durstion
Azzet 30-yr Dollar Partial Duration
Azzet Dollar Partial Duration S0-year

]

71,578
i
277 553

349,025

349,028
631,048
2,080,218
2,097 227
180,755
4,076,163

349,028
631,045
2,080,218
2,097 227
180,736
4,076,163
349,029
631,045
2,050,216
2,097 222
180,736
4,076,157
395

-394

G436

836

145

145

6,750

6,750

1

&11,268
i
261,963

1 073,231

1,073,231
1,311,593
1 5B 152
2,744,754
443,079
4,212 553

724,203
650,544
516,036

547,057
37,659
136,720

1 073,233
1,311,593
1,564,180
2,744,277
143,078
4,212 576
359

359

573

£73

264

264

5,535

B.535

Appendix 6 Table 4.4.2:
Dollar Partial Duration Hedge Summary Report December 2005

2

1,439,492
0
264,528

1,704,320

1,704,320
18,788
979,348

3,452,095

150,529
4,344 352

1,449,130
1,326,550
463,312
707,511
7,450
131,499
375,595
AE,757
1,100,568
3,452,087
150,528
4,344 378
527

527

705

705

G4

604

§,292

g,292

3

2,027 283
0
274116

2,301,389

2,301,399
284,240
1,596,289
4139567
211,773
4,472,211

1,113,116
301,027
1,432,976
BB 472
1,245
127,529
2,345 230
284,240
1,340,116
4.139,557
211,773
4,472 204
285

295

T

T

a07

a07

B,036

B,036

4

2,553 489
0
281,708

2,535,196

2,535,106
527,796
2,267,672
4,520,915
337,31
4,597,955

997,110
543 557
534,695

381,345
125,538
125,744
2,521,353
527,796
2,263,523
4,520,904
337,31
4,537 048
264

264

4F1

T
1,163
1,163
5,771

5,771

5

3,021,504
0
287,713

3,309,307

3,300,307
£00,603
1,168,029
2544253
538,114
4,723,070

190,141
227193
333,334
220 595
200,502
128,116
1,614,797
£00,603
1,670,741
4,741 495
536,113
4,723,063
238

238

340

340

1,374
1,374
£,499

5,499

6

3,433,831
0
2921849

3,726,020

3,726,020
979,780
514,251

2417 461

709,265
4,348,737

B04,352
379,177
480,917

120,235
261,174
128 667
2 651,683
979,750
567,957
2,915 495
709,286
4,348,730
187

197

238

238
1,551
1,551
5,225

5,205

=

3,792,553
i
295 201

4,057,754

4,057,754
987,108
574 565

4,294 554

1,166,367

4,976,101

12,744
7,325

93 551
114,995
-356, 080
127,364
2,356,555
937,105
260, 365
2,140,580
1,145,365
4,976,004
155

155

183

153

1,693
1,693
4,350

4,950

]

4,100,720
i
296,536

4,397 556

4,397,557
1,154,586
29563
260,746
4 g12,750
5,106,019

103,248
197 451
423,204
366,436
457 353
129,918

2 530,622
1,154,556
1,062,452
1,064,776
4,612,747
5 106,012
118

115

78

78

1,504
1,304
4,576

4576

9

4,361,213
i
297 194

4 555,406

4 G55, 408
1 445,036
627,393
776,515
2176,251
5,239,200

-2 545
261,450
604159
46,213
563,501
133,181

2 510,339
1,445,036
2,166,805
270,253
-2176,247
5,239,193
&3

53

]

)

1,554
1,554
4,407

4,407

10

4,571,935
i
296,157

4 565,122

4,868,122
1 51,570
4 418,569
1,877 054
2667 517
5,376,051

314,524
208,334
14 579
979,544
£72,004
136,551
2,447 525
1 51,370
3,360,296
1 628,729
-2,548,250
5,376,074
&0

500

&4

54

1,939
1,939
4143

4,143
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Appendix 7 Portfolio Mix of the Long-term-care Product

1. Premium Size

$18.43 per unit

2. Commission Rate

Year Commission
1 93.0%
2+ 7.3%
3. Expenses
Year Premium Related | Fixed Dollar| Claim Related
Acquisition 15% 200 0
Maintenance 0% 60 0
Claim Handling 0% 0 6%

4. Mortality and Morbidity

Mortality: 1983 Table A
Morbidity: Based on some artificial pricing assumption

5. Lapse
Year Lapse
1 10%
2 6%
3 4%
4 3.5%
5 3.2%
6 2.5%
] 2.0%
8 2.0%
9 2.0%
10+ 1.5%

Milliman, Inc.
3917





