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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 DV01 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: 
 

• What are the appropriate measures for interest sensitivity? 

• How should renewal premiums be reflected in the calculations? 

• What interest-hedging strategy can insurers follow? 

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

• 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, DV01 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: 
 

 
 
3.2 Scenario description 

We utilized the interest scenarios generated by the American Academy of Actuaries for 
C3Phase2 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. 

 

 
 

 
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. DV01 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) •(ΔP/Δi), 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 
 
-(Pu – Pd) / (2 * P *Δi), where Pu represents price of the asset after upward shock to 
interest rates and Pd represents 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.  
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Where, 
n = number of years till end of projection period 
t = time from start of projection 
CFt = 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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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. 
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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, (ΔP/Δy) 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 ΔP/Δy. 
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 Δy is 1 basis point. 
 
4.2 DV01 

4.2.1  Concepts  

DV01 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 = -ΔP / (10000 • Δy); 10000 is in the denominator because Δy 
is usually 0.0001. More specifically in our calculation, DV01 = -(Pu – Pd) / 2, where Pu 
represents price of the asset after upward shock to the spot-yield curve, and Pd represents 
price of the asset after downward shock to the spot-yield curve. The negative sign makes 
sure that DV01 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 DV01 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. 
 

 
 

 
It should be noted that the duration happens to be 100 * DV01 in Table 4.1.1 because the 
bond is at par. 
 
Having defined DV01, 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 DV01 of assets, or ADDur, currently on the books. 

Step 2: Calculate DV01 of the net liabilities, or LDDur, currently on the books. 

Step 3: Calculate balancing DV01, or LDDur - ADDur, to be hedged. 

Step 4: Calculate DV01 of one unit of the hedging instrument. 

Step 5: Calculate the amount of assets to add in this cycle, by dividing balancing DV01 in 
Step 3 by DV01 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 DV01, we do not have to struggle with the renewal premium income. The 
DV01 of a portfolio equals the sum of the DV01 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, DV01 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 
DV01 hedging for insurance companies. 
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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 DV01. 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  DV01 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 DV01, 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 DV01 of the liabilities, we would 
initially need a negative position in cash. Intuitively, it implies that liability DV01 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 
DV01, 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. DV01 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 DV01 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.  
 

 
 

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 
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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 DV01 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 DV01. 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. DV01 at an initial interest rate of 5% is rather different from the 
DV01 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 DV01 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 DV01 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 
 

 
 
 

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 DV01 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 DV01 of the liability is not the hedge target, the Dollar Partial Duration hedge 
strategy hedges the DV01 as long as the time-to-maturities are selected so that the sum of 
the Dollar Partial Duration equals the DV01 of the same asset. 
 
As with the DV01 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. 
 



August 20, 2007 

Milliman, Inc. 
16� 

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 
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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 DV01 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 
DV01 hedge and the Dollar Partial Duration hedge for the first 10 years of the projection. 
 
With hedge positions determined, we then run the DV01 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. 
 

 
 

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

b. 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 DV01 and 
Dollar Partial Duration, respectively. 
 
5.1 Futures Hedging against DV01 

The hedging strategy is to hedge against the DV01 of liabilities with the DV01 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 DV01 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 DV01 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 DV01; 
and, 

- Strategy 4: mixed pool of assets plus futures on 30-year bond to back DV01. 
 
Unlike the prior DV01 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 DV01 
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 DV01 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 DV01 of the liabilities. Thus, for computational 
convenience, we have modeled futures to match the DV01 of liabilities instead of the 
balancing DV01 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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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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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 DV01 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 DV01 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 
DV01 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% DV01/Dollar 
Partial Duration hedged. 
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The results show that with only 80% DV01 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 DV01 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: 
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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: 
 

 
 

 
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. 
 

 
 

 
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 DV01 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. 
 

 
 
 
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% DV01/Dollar Partial Duration hedged. 
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As expected, the results observed in the LTC product are very similar to those of the 
whole-life product. Again, DV01 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 DV01 as a measure of interest-rate 
sensitivity of the insurance product. DV01 also eliminates abnormal results that a 
duration measure might produce because of renewal premiums. 

d. The DV01 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 DV01 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 DV01 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. DV01 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 DV01 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 
 
Q1.  What percentage of your inforce portfolio are traditional health and life products? 
 

 Reserve 
Traditional Life  
Traditional Health  
Other (Int. Sensitive, etc.)  
Total  

 
Q2.  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? 

 
Q3.  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 
 
Q4.  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.) 

 
Q6.  What hedging instruments have you used? Which of these is most commonly 

used? 
(e.g., swaps/swaptions, futures/forwards, caps, etc.) 

 
Q7.  What is your measure of the effectiveness of hedging? What measures do you use 

to quantify your hedge effectiveness (effective duration as in ΔP/Δi, 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? 
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Appendix 2 Premium Size and Pricing Assumptions of the Whole-life Product 

l. 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 RelatedFixed Dollar

Acquisition 15% 200

Maintenance 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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Appendix 3 Table 4.2.2.1: 
DV01 Hedge Summary Report 
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Appendix 4 Table 4.3.2.1: 
Dollar Partial Duration Hedge Summary Report 
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Appendix 5 Table 4.4.1: 
DV01 Hedge Summary Report December 2005 
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Appendix 6 Table 4.4.2: 
Dollar Partial Duration Hedge Summary Report December 2005 
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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%

7 2.0%

8 2.0%

9 2.0%

10+ 1.5%  
 




