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MEASURING THE INTEREST RATE SENSITIVITY OF
LOSS RESERVES
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Abstract

In order to apply asset-liability management tech-
niques to property-liability insurers, the sensitivity of li-
abilities to interest rate changes, or duration, must be
calculated. The current approach is to use the Macaulay
or modified duration calculations, both of which pre-
sume that the cash flows are invariant with respect to
interest rate changes. Based on the structure of lia-
bilities for property-liability insurers, changes in inter-
est rates—given that interest rates are correlated with
inflation—should affect future cash flows on existing li-
abilities. This paper analyzes the effect that interest rate
changes can have on these cash flows, shows how to
calculate the resulting effective duration of these liabil-
ities, and demonstrates the impact of failing to use the
correct duration measure on asset-liability management
for property-liability insurers.

1. INTRODUCTION

Property-liability insurance companies are exposed to a wide
variety of risks. However, the focus of most insurers and reinsur-
ers has been primarily on traditional insurance risks, such as le-
gal, regulatory or catastrophic exposures. It is widely recognized
that the potential impact of natural catastrophes on property-
liability insurers is so severe that this area has been given exten-
sive attention by the industry: sophisticated models have been
developed to quantify catastrophe exposure and securitized in-
surance products are being designed to facilitate the trading of
such risks through the capital markets. Extensive attention has
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also been paid to quantifying and predicting the underwriting
cycle, although with considerably less success.

However, insurers are also exposed to a variety of financial
risks that have not received the same level of attention, despite the
success that other financial services firms have achieved in this
venue. For example, with the rising level of globalization in the
insurance industry, the risk of fluctuations in foreign exchange
rates is becoming an increasing concern for insurers. Neverthe-
less, insurers lag well behind other financial institutions in for-
eign currency hedging activity. Another critical area of risk faced
by insurers involves fluctuations in value due to interest rate
movements. Banks, life insurers and other financial institutions
have developed sophisticated approaches to attempt to deal with
interest rate risk. Most property-liability insurers have neither
adopted the approaches of other financial institutions nor adapted
those models to reflect the unique characteristics of this industry.
This article seeks to address this area of concern. While interest
rate risk is not as significant for the property-liability insurance
industry as, for example, catastrophe risk, it does represent an
important source of risk and is one that can be effectively dealt
with through the use of accepted risk management techniques.

Similar to any other financial institution, the values of an in-
surer’s assets and liabilities can be affected by changes in future
interest rates. The reason for this is that the economic value of a
financial asset or liability is the discounted value of its future cash
flows. Thus, if interest rates increase, the economic value of fu-
ture cash flows will decrease; if interest rates decrease, economic
value will increase. The direction of the movement in values of
both the assets and the liabilities, according to this principle, will
be the same. The problem, however, is that asset and liability val-
ues will generally not move by the same amount in response to
a particular change in interest rates (unless specifically and ac-
curately set up to do so). If they do not move similarly, the net
worth of an insurer will change over time due to the volatility of
interest rates.
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Asset-liability management (ALM), as used in the insurance
industry, is a process by which insurers attempt to evaluate and
adjust the exposure of the net value of the company (assets mi-
nus liabilities) to interest rate changes. Although, in theory, the
volatility of other factors (e.g., catastrophes, changes in unem-
ployment rates1) can also affect both asset and liability values,
the current focus of ALM for insurers, as for most other financial
institutions, is on interest rate risk. Life insurers were the first in
the industry to apply ALM techniques, since they have signifi-
cant exposure to interest rate risk due to the long payout patterns
of losses and their high leverage. However, this approach is now
being applied to the property-liability insurance industry as well.

The general approaches used by life insurers to measure the
sensitivity of assets to interest rate risk are applicable to property-
liability insurers to the extent that they have similar asset portfo-
lios. In general, property-liability companies invest more heavily
in equities and less in mortgages, but the overall structure of the
investment portfolio is roughly similar. However, the liabilities
of property-liability insurers are different enough that the ap-
proaches used by life insurers are simply not applicable to them,
and new techniques must be developed.

Duration is a measure of the interest rate sensitivity of a fi-
nancial instrument. The term duration, which seems to signify
more a measure of time than of interest rate sensitivity, is de-
rived from early work on fixed income assets in which the inter-
est rate sensitivity was found to correspond closely to a weighted
average time value. The basic approach of ALM involves mea-
suring the durations of assets and liabilities, and then adjusting
one or both until the insurer is not significantly affected by inter-
est rate changes (essentially, this involves setting the duration of
surplus equal to zero). If the duration of liabilities is measured
incorrectly, then an insurer trying to immunize itself from inter-

1For example, an increase in the unemployment rate is likely to increase the severity of
workers compensation losses and also alter the prepayment patterns on mortgage-backed
securities.
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est rate risk based on the incorrect measure will actually still be
exposed to interest rate risk. Much research has been done on
determining the duration of complex financial instruments held
by insurers, such as collateralized mortgage obligations (Fabozzi
[12], Chapter 27) and corporate bonds with callability provisions.
Attention has also been given to determining the appropriate du-
ration measure of life insurance liabilities (Babbel [3]). However,
much less attention has been paid to the duration of liabilities of
property-liability insurers. (The issue has been briefly discussed
or alluded to in, for example, Butsic [6]; D’Arcy [8]; Ferguson
[14]; and Noris [23].) The general approach to measuring the
duration of liabilities for property-liability insurers has been to
calculate a weighted average of the time to payment for loss
reserves (Campbell [7], Hodes and Feldblum [16], and Stak-
ing and Babbel [26]). This approach is patterned after the work
by Macaulay [20], which determined that the sensitivity of the
price of non-callable fixed income securities to changes in inter-
est rates was approximated by this duration measure:

Macaulay Duration =
n!
t=1

t(PVCFt)
PVTCF

, (1.1)

where

PVCFt = the present value now of the cash flow at time t,

PVTCF = the present value of the total cash flow, and

t= time to payment of the cash flow.

Additional analysis (Panning [24]) has been based on the
modified duration measure (Fabozzi [11]), which is theMacaulay
duration value divided by 1+ r (where r is the current interest
rate):

Modified Duration =
Macaulay Duration

1+ r
, (1.2)

or alternatively a measure of the slope of the price versus yield
curve.
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To illustrate Macaulay and modified duration, consider a bond
with a $1000 face value and an 8% annual coupon that matures
in 10 years. If interest rates are currently 8%, then the price of
the bond would be $1000. The Macaulay duration of this bond
is 7.25 and the modified duration is 6.71. To use duration to
measure interest rate sensitivity, the expected change in the value
of a bond is equal to the negative of the change in interest rates
times the modified duration (or Macaulay duration divided by
(1+ r)). If interest rates were to increase slightly to 8.01%, then
the price of the bond would drop to $999.33, which is a decline
of 0.0671%. The predicted change in price based on duration
would be the negative of the change in interest rates, !:0001,
times 6.71, or !0:0671%. For such a small change in interest
rates for a bond with a fixed cash flow, duration measures the
interest rate sensitivity fairly accurately.

Both the Macaulay and modified duration calculations are
only accurate measures of interest rate sensitivity under the fol-
lowing conditions:

" the yield curve is flat
" any change in interest rates is a parallel yield curve shift
" the cash flows do not change as interest rates change.
In practice, none of these conditions is likely to be met. A number
of researchers have examined the effect of the first two condi-
tions in general (see Klaffky, Ma, and Nozari [18]; Ho [15]; and
Babbel, Merrill, and Panning [4]). In addition, the issue of vari-
able cash flows has been widely recognized for specific classes
of assets. Bonds with embedded options (such as call provisions)
and mortgage-backed securities (where prepayments depend on
the interest rate level) are examples of assets on which the ex-
pected cash flows change as interest rates change. A measure
termed effective duration has been developed to express the sen-
sitivity of the present value of the expected cash flows with re-
spect to interest rate changes; this measure specifically reflects
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the fact that the cash flows can change as interest rates change
(Fabozzi [11]). For assets with variable cash flows, it is appro-
priate to calculate the effective duration rather than the modified
duration.

The liabilities of property-liability insurers also vary with in-
terest rates, due to the correlation of interest rates with inflation.
As explained by Hodes and Feldblum [16, p. 558],

“Personal auto loss reserves are at least partially infla-
tion sensitive. Medical payments in tort liability states,
for instance, depend in part upon jury awards at the
date of settlement. The jury awards, in turn, are influ-
enced by the rate of inflation, which is correlated (at
least in the long run) with interest rates.”

Thus, the appropriate measure of interest rate sensitivity of the
liabilities of property-liability insurers is one that reflects this
interest rate-inflation relationship, or effective duration. Hodes
and Feldblum [16, p. 559] indicate that “A mathematical de-
termination of the loss reserve (effective) duration is complex.”
This is the task that is addressed in the remainder of this paper.
The focus of this research is to develop a method to quantify
the sensitivity of economic surplus to parallel shifts in the yield
curve.

In order to accommodate non-parallel yield curve shifts,
stochastic interest rate models must be used. This approach has
been advocated for insurance applications by Tilley [28], Rei-
tano [25], and Briys and de Varenne [5]. However, as pointed
out by Litterman and Scheinkman [19], parallel shifts explain
over 80% of historical yield curve movements. Although hypo-
thetical portfolios can be constructed that show significant differ-
ences in duration values under parallel versus non-parallel yield
curve shifts, these differences are likely to be far less important
than the impact of variable cash flows for the asset and liability
portfolios of typical property-liability insurers. Thus, this paper
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focuses on analyzing liability cash flows that vary with inter-
est rate changes by recognizing that interest rate changes are
impacted by changes in the inflation rate. Further research will
explore the impact of stochastic interest models for both assets
and liabilities for representative property-liability insurers.

Section 2 of this paper discusses the nature and relative signif-
icance of property-liability insurance company liabilities. Section
3 examines the three major liability items, and discusses the tim-
ings of cash flows for each of these items. The natures of the
cash flows have important implications for the type and level of
impact on liability durations of changes in interest rates. Section
4 provides a mathematical derivation of a closed-form effective
duration formula in a highly simplified framework. Section 5 de-
scribes a more detailed numerical model used to estimate effec-
tive durations. Section 6 summarizes the results of empirical es-
timates and sensitivity tests of effective duration measures. Sec-
tion 7 demonstrates the impact on asset-liability management of
using modified versus effective duration measures of liabilities.

2. THE LIABILITIES OF PROPERTY-LIABILITY INSURERS

The three major balance sheet liability items of property-
liability insurers are the loss reserve, the loss adjustment expense
reserve, and the unearned premium reserve. As of 12/31/97, for
the industry in aggregate, these components totaled 84.8% of lia-
bilities (A.M. Best [1]). All of these three reserves are subject to
change, via inflationary pressures, as interest rates change. The
remaining liabilities of property-liability insurers consist primar-
ily of expenses payable, including taxes, reinsurance, contingent
commissions, and declared dividends. These cash flows are not
likely to be affected by interest rate changes so the interest rate
sensitivity of these liabilities can be measured by Macaulay or
modified duration.2

2Panning [24] proposes that the present value of future business be considered in the
asset-liability management of an insurer. This approach, though, is contrary to accepted
accounting standards, both statutory and GAAP, and introduces significant, unverifiable
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Since loss and loss adjustment expense reserve estimates are
based on historical development patterns, and the historical de-
velopment patterns are affected by historical economic variables
such as interest rates and inflation, the accuracy of the loss and
loss adjustment expense reserves are, in essence, path depen-
dent with respect to those economic variables. In other words,
the level of loss and loss adjustment expense reserves calculated
at any point in time will depend upon how economic variables
have performed in prior years. However, it is not the accuracy of
the current estimate that is of concern in measuring the effective
duration, but how future cash flow patterns are influenced by fu-
ture interest rate changes, which are in turn driven by changes in
inflation. Reserving techniques that attempt to isolate the infla-
tionary component from the other effects have been proposed by
Butsic [6] and Taylor [27], but these approaches are not widely
used currently.

Similarly, although the unearned premium reserve is calcu-
lated based on the portion of written premiums that apply to
unexpired policy terms, the cash flows that will emanate from
the unearned premium reserve are essentially losses and loss ad-
justment expenses on claims that occur after the evaluation date
but during the remaining policy term. Since these events have
not yet occurred, they are completely sensitive to changes in in-
flation affecting the value of these future losses.

An added complication to the measurement of the sensitivity
of insurer assets and liabilities to interest rate changes is the statu-
tory accounting conventions of the insurance industry. Specifi-
cally, bonds are valued on a book, or amortized, basis. Also, loss
liabilities are not discounted to reflect the time value of money
until payment. Thus, statutory valuations are often not directly

judgement factors about future premiums, losses, retention rates and pricing policies.
Thus, this approach is not included here. The next step in asset-liability management for
property-liability insurers should be to measure existing assets and liabilities accurately
by recognizing the interest rate sensitivity of the cash flows from loss reserves, which is
the focus of the rest of this paper.
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affected by changes in interest rates. However, the economic val-
ues of these assets and liabilities are affected by interest rate
changes. (Under GAAP accounting, bonds not held to maturity
are reported at market value and therefore would also be affected
by interest rates.) It is the economic values that are considered
here, since these reflect the true worth of the company to its
owners.

Each of the three major liability items is discussed in greater
detail below. More specifically, Section 3 sets the groundwork for
evaluating the impact of future interest rate changes and inflation
on the liabilities of property-liability insurers.

3. THE TIMING OF PROPERTY-LIABILITY INSURER LIABILITIES

Loss Reserves

A company’s aggregate loss reserve represents the total
amount to be paid in the future on all claims that have already
been incurred. However, a variety of different situations can exist
with respect to these claims:

1. A loss reserve can reflect a claim on which the insurer is
in the process of issuing a check—the claim has already
been fully investigated, and the insurer has agreed to a
settlement amount with the claimant. The nominal value
of the claim amount will not be affected by changes in
interest rates, although the present value would change
slightly.

2. Alternatively, a loss reserve can represent a claim that
has caused a known amount of damage to property or
to a person (the medical bills are complete). Thus, the
amount of the loss to the claimant is determined and
will not change. However, the insurer and the claimant
are still in dispute over whether the incident is covered,
or over the extent of the insurer’s liability for payment.
Again, the nominal amount of the payment should not
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change if interest rates change.3 However, the economic
value of the loss would change, since the future cash
flow would be discounted by a different interest rate.

3. A third type of loss reserve is for damages that have yet
to be discovered. The insurer will be liable for the loss
when the claimant experiences it, but the value of the loss
will only be known in the future. On an occurrence-based
policy, this could apply for medical malpractice to a per-
son who has not yet suffered the adverse consequences
of an injury caused by a negligent physician (e.g., im-
proper diagnosis, long term adverse consequences from
prescribed medication, surgical errors that will lead to fu-
ture complications). Or, in the case of workers compen-
sation, if a former employee exposed to a work-related
environmental hazard first manifests the ailment at some
future date, the claim will be assigned to policies in ef-
fect during the period of employment. For these claims,
the nominal value of the loss payment will be affected
by interest rate changes to the extent that the interest rate
change is correlated with inflation on the goods or ser-
vices related to the cost of the claim (property damage,
medical expenses). The economic value of these losses
will also change with interest rates.

4. The most common type of loss reserve is for losses on
which some of the damages have already been fixed in
value, but the remainder has yet to be determined. In ad-
dition, the question of the extent of the insurer’s liability
may not have been settled. This could apply to an auto-
mobile accident involving property damage and bodily
injury in which the policyholder of the insurer may be
liable. The damage to the claimant’s vehicle is prede-

3One way this could happen is if the insurer’s claim settlement philosophy were to
change with interest rates (e.g., if the financial condition of the insurer were to become
impaired in conjunction with an interest rate change and the company had to alter its
claim settlement approach).
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termined. The injured person has received some medi-
cal care, but that care will continue at least up until the
settlement of the claim and perhaps beyond. The nom-
inal value of a portion of these losses, termed “fixed,”
will not be affected by interest rate changes, but the re-
maining portion of the losses will be affected by future
inflation.

Calculating the effect of inflation on tangible losses, such as
medical expenses, wage losses, and property damage, although
complicated, is relatively straightforward once the appropriate
inflation indices are determined. However, quantifying the ef-
fect of inflation on the value of intangibles in a liability claim,
termed “general damages” in a legal context, presents additional
challenges. These components include items such as pain and
suffering, loss of consortium, and hedonic losses. It is difficult
to determine exactly how these values are established. Are they
based on the value at the time of the loss or the time of the ver-
dict in a jury trial? Is the pain and suffering of a broken arm that
occurred in 1986 evaluated the same as, or less than, a similar
broken arm that occurred in 1996, if both are being settled at the
same time?

Due to the difficulty in putting a numerical value on an in-
tangible such as pain and suffering, general rules of thumb arise
that try to relate the pain and suffering award to the medical ex-
penses incurred by the patient. Thus, a broken arm that generated
$15,000 in medical bills is worth roughly three times as much as
another broken arm that generated only $5,000 in medical bills.
(This does not mean that the pain and suffering from a soft-tissue
injury, such as a sore neck, which generated $15,000 in medical
expenses would be worth as much as a broken arm with the same
amount of medical expenses.) On this basis, the general damages
on liability claims will be impacted by interest rate changes to
the same extent that medical expenses are affected. However, a
typical question asked by a plaintiff’s attorney in a bodily injury
case is how much a member of the jury would require to be
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willing to undergo the same pain that the client has experienced.
Since this is asked, rhetorically, near the end of the claim set-
tlement process, conceivably the jury will implicitly adjust the
value of the claim to the then-current cost of living. In this case,
the entire loss reserve for general damages would be sensitive to
future inflation changes.

Determining the effective duration of reserves will, therefore,
depend on a model for dividing the future payments into a fixed
component, which is not sensitive to future inflation, and an infla-
tion sensitive component, which will vary with subsequent infla-
tion. This model is developed and described in Section 4 below.

Loss Adjustment Expense Reserves

Loss adjustment expense reserves are established for future
payments in a manner similar to loss reserves. These expenses
will be paid over the time during which the remaining losses are
settled. Loss adjustment expenses are assigned to the accident
year in which the loss that generated these expenses occurred;
they are assigned either directly (for allocated loss adjustment ex-
penses) or indirectly (for unallocated loss adjustment expenses).
The same approach used for determining the proportion of loss
reserves that are fixed in value can be used for loss adjustment
expense reserves. However, since the rate with which these ex-
penses become fixed in value can differ from the loss itself, they
may be modeled separately using different parameter values.

Loss adjustment expenses are different from loss reserves in
the following respect. As an insurer generates loss adjustment
expenses, such as by hiring outside adjusters, it would generally
pay these expenses shortly after the work is completed. The loss
adjustment expense reserve, then, represents costs that are fixed
in value to a much lower degree than loss reserves. Also, the legal
costs associated with defending a claim that goes to court will not
be established until the very end of the loss settlement process. In
addition, the allocation process for unallocated loss adjustment
expenses assigns a portion of the general claim department’s
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expenses to the accident year of the claim when the loss is paid.
Thus, for loss adjustment expense reserves, few of these costs
will be fixed in value when the claim occurs and a relatively high
portion of the total costs will be based on the cost of living when
the claim is finally settled.

Unearned Premium Reserves

Since the unearned premium reserve essentially represents ex-
posure to losses that have not even occurred yet, this liability is
fully sensitive to future inflation. The expected cash flow ema-
nating from the unearned premium reserve will shift to the extent
that any change in interest rates is correlated with inflation. If it
is assumed that the insurer writes policies with terms not more
than one year, then all of the claims emanating from the unearned
premium reserve will occur in the next accident year. The pay-
ments on these losses will follow the claim payout pattern of the
insurer, except that losses will occur approximately in the mid-
dle of the first half of the year (assuming annual policies written
evenly throughout the year), as opposed to in the middle of the
full year as would be assumed for accident year data. Thus, the
duration of the unearned premium reserve at the end of a full
year would be the weighted average of the time until payment of
the most recent accident year, plus 3/4 of a year. For example,
the unearned premium reserve as of 12/31/99 covered losses that
occurred, on average, on 4/1/00. For the loss reserve for accident
year 1999, the average loss would have occurred at the middle of
the year, or 7/1/99. Thus, the duration of the unearned premium
reserve as of 12/31/99 is 3/4 of a year more than the duration of
the accident year 1999 loss reserves.

4. MATHEMATICAL MODEL OF THE EFFECTIVE DURATION OF
RESERVES

In Section 5, we will present a detailed numerical model
for determining effective duration. In this section, we develop
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a simplified mathematical model of an effective duration for-
mula based on the assumption of proportional decay of reserve
liabilities. This assumption allows for a closed-form solution for
duration when inflation is recognized. This formula will provide
a method to determine the general value of the effective dura-
tion of insurance liabilities, as well as a point of reference for
the more detailed calculations discussed later. It should be noted
that other decay patterns are possible, but most would not lead
to a closed-form solution, so caution should be used when this
approach is applied in practice.

In this section, it is assumed that all payments are fully sensi-
tive to inflation. In this case, the price level at which an insurer
makes a claim payment depends only upon the date of that pay-
ment. Put in the context of “fixed” costs described in the last
section, here it is assumed that there are no fixed costs. This
provides a framework in which a closed-form solution can be
easily derived, assuming an appropriate payment pattern. The
measurement of duration assuming partial fixed costs will be
derived in Section 5.

Assume that the payout over time of property-liability re-
serves is represented by a “proportional decay” model—each
year, proportion c of the beginning reserve is paid out.4 Thus,

Rt = (1! c)Rt!1, (4.1)

where

Rt = the (correct) nominal reserve at time t,

c= the (constant) annual payout ratio, and

r = the relevant interest rate.

4Theoretically, this assumes that payouts are made forever, although after some years
they become negligible in size. Finite-length payout patterns are considered in Sec-
tion 5.
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Under this assumption, the present value of the initial reserve is
expressed as

PV(R0) =
#!
t=1

(1! c)t!1cR0
(1+ r)t

=
cR0
1! c

#!
t=1

"
1! c
1+ r

#t
=
cR0
r+ c

,

(4.2)

where the final form of the equation is derived from the for-
mula for an infinite geometric progression.5 Now, we can derive
an expression for the Macaulay duration by multiplying the nu-
merator of each term in the present value calculation by t, and
dividing the new summation by the original present value:

Macaulay Duration =D0 =

#!
t=1

(1! c)t!1cR0t
(1+ r)t

PV(R0)
: (4.3)

By again using the properties of infinite geometric progressions,
the numerator of the Macaulay duration formula reduces to:

cR0(1+ r)
(r+ c)2

: (4.4)

Dividing by the previous expression for PV(R0), the Macaulay
duration is

D0 =
1+ r
r+ c

: (4.5)

Since the modified duration is the Macaulay duration divided by
(1+ r), we have

Modified Duration =MD0 =
1
r+ c

: (4.6)

In order to determine the effective duration of property-
liability insurer liabilities, we must calculate the present value
of those liabilities in three different ways: with the original in-
terest rate, with an increased interest rate, and with a decreased

5For 0< x < 1, the value of x+ x2 + x3 + $ $ $= x=(1! x).
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interest rate. Under this approach, after calculating the present
value assuming the original interest rate, we assume that the in-
terest rate increases (e.g., by 100 basis points), and then that the
interest rate decreases (e.g., by 100 basis points). The effective
duration is then calculated as:

Effective Duration = ED0 =
PV! !PV+
2PV0(¢r)

, (4.7)

where

PV! = the present value of the expected cash flows
if interest rates decline by ¢r,

PV+ = the present value of the expected cash flows
if interest rates increase by ¢r, and

PV0 = the initial present value of the expected
cash flows.

The key in calculating the effective duration is to account for
the impact of hypothetical changes in the interest rate on the fu-
ture cash flows emanating from the liability items. For property-
liability reserves, the primary impact on cash flows of a change
in interest rates is due to the change in the inflation rate: since
interest rates are correlated with inflation, and inflation increases
future nominal claim payments, changes in interest rates will af-
fect the level of future cash outflows, and thus the present value
of those outflows. Therefore, in order to calculate the effective
duration, we need to adjust the formulas above to reflect this
inflationary impact.

Define the following additional variables:

r+ or ! = r +=! ¢r = the increased or decreased
interest rate, and

i+ or ! = the inflationary adjustment after the change
in interest rate:
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The inflationary adjustment contemplates the correlation be-
tween changes in interest rates and inflation (actually, not just
overall inflation, but claim inflation for the specific type of in-
surance at issue).

We can now adjust the initial present value equation intro-
duced in this section in preparation for calculating the effective
duration:

PV+(R0) =
#!
t=1

(1! c)t!1cR0(1+ i+)t
(1+ r+)t

=
cR0
1! c

#!
t=1

"
(1! c)(1+ i+)

1+ r+

#t
=

cR0(1+ i+)
r+ + c+ ci+! i+

:

(4.8)

A similar equation applies for the present value of reserves
under the assumption of an interest rate decrease. Thus, we derive
the following formula for the effective duration:

ED0 =
r+ c
2¢r

$
1+ i!

r!+ c+ ci! ! i!
! 1+ i+
r+ + c+ ci+! i+

%
:

(4.9)

These formulas can be used to indicate the relative magni-
tudes of the various duration measures. For example, assume
the following illustrative parameter values: r = 0:05, ¢r = 0:01,
c= 0:40, and the correlation between interest rate and inflation
changes is 0.50 (thus, i+ = 0:005, and i! =!0:005). Given these
values, the formulas above provide the following duration mea-
sures: D0 = 2:333, MD0 = 2:222, and ED0 = 1:056. This exam-
ple illustrates the potentially significant differences between ef-
fective duration and the more common, traditional measures of
duration.
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5. MODELING THE INTEREST RATE SENSITIVITY OF LOSS AND
LAE RESERVES

One of the difficulties in measuring the interest rate sensitivity
of liabilities is the need for extensive data. What information is
available, either publicly or within the company, to determine the
impact of interest rate changes on the cash flows of losses? For
the loss and loss adjustment expense reserve, the expected nom-
inal cost of these amounts at the end of each year are reported in
aggregate, by accident year, by line of business, in the Annual
Statement. Internally, actuaries have access to this same informa-
tion on a more frequent and more detailed basis. Although the
expected payment dates for future payments are not generally
recorded, the actual payments made in each historical year—
categorized by accident year (or month) and by line of business
(or finer breakdown)—are available. This allows a comparison
of the actual payments with the expected payments and permits
the generation of a profile of when the aggregate loss reserves
are likely to be paid in the future. However, there is no public
information, and frequently not even any information within a
company, on when the value of an unpaid loss is set in value.
To obtain such information, claim files would need to record the
date when each expenditure relating to a claim is made by the
claimant, not just when the insurer pays the claim. Since few, if
any, insurers currently maintain such detail, the only way to ob-
tain this information is to perform a special study, as detailed in
the next section of the paper. Given the lack of data to measure
this effect precisely, this relationship needs to be modeled.

For this model, the following assumptions are made. At the
time the loss occurs, proportion k of the eventual cost of the
claim is “determined” (i.e., a proportion of the future cost is
“fixed” and no longer open to change from interest rate and
inflationary changes). In addition, proportion m of the loss will
not be determined until the time the claim is settled. Examples
of loss costs that will go into k are medical treatment sought
immediately after the loss occurs, the wage loss component of
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a bodily injury claim, and property damage. Examples of loss
costs that will go into m are medical evaluations that are done
immediately prior to determining the settlement offer, general
damages to the extent they are based on the cost of living at the
time of settlement, and loss adjustment expenses connected with
settling the claim.

The remaining (1! k!m) portion of the expenses are mod-
eled in three ways, to allow for differing rates at which the claim
values could become fixed: these expenses could be fixed in
value linearly over the time period from loss to settlement, or
in a manner that would represent either a concave function or
a convex function. Figure 1 illustrates the three different func-
tions proposed for the proportion of loss reserves that are fixed
in value, and therefore not subject to inflation, over time.

A representative function that displays these attributes is:

f(t) = k+ %(1! k!m)(t=T)n&, (5.1)

where

f(t) = the proportion of ultimate paid claims “fixed”
at time t,

k = the proportion of the claim that is fixed in value
immediately,

m= the proportion of the claim that is not fixed in
value until the claim is settled,

n= 1 for the linear case,

n < 1 for the concave case,

n > 1 for the convex case, and

T = the time at which the claim is fully and
completely settled.

For example, assume an insured causes an automobile acci-
dent in the middle of 1997, and the victim requires immediate
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medical attention. This is the k portion of the claim that is pre-
determined immediately; assume that it represents 15% of the
total cost of the claim. Further, assume that m is zero. After the
accident, the victim receives medical care on an ongoing basis
until the claim is eventually settled in the middle of the year
2000. These continuing care expenses will be influenced by in-
flation. At the end of 1997, half of a year of continuing expenses
has been obtained. The total length of time before the claim will
be settled is three years (2000–1997). Thus, for the linear case
(n= 1),

f(0:5) = 0:15+ %(1! 0:15)(0:5=3)1&:
In this case, f(0:5) = 0:292, meaning that at the end of 1997,
29.2% of the loss reserve for this 1997 accident year claim is
fixed in value, with the remainder subject to future inflation.

This approach can be applied whether a particular claim has
been reported or whether it is a component of IBNR. As long as
the claim has been incurred, then some of portion of the loss is
fixed in value, some portion will not be fixed in value until the
claim is settled, and the remaining portion is becoming fixed in
value over the intervening time. For example, even though the
insurer does not know of a particular injury on which it will be
liable, the victim is likely to have received medical treatment at
the time of the loss.

6. DURATION MEASURES FOR INSURER LIABILITIES

Empirical Estimates

In order to implement our model of effective duration, values
of several parameters must be determined:

" Loss payout pattern
" Economic parameters
" Interest rate
" Correlation between interest and inflation
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" Growth rate of insurance writings (g)
" Cost determination parameters
" k (the proportion of claim value that is fixed immediately)

" m (the proportion of claim value that is not fixed until the
claim is settled)

" n (the shape parameter of the fixed-claim-proportion func-
tion).

Each of these parameter values is discussed in greater detail be-
low.

A key component to determining effective duration is identi-
fying the future cash flows. For property-liability insurance, this
involves determining the timing of future loss payments as loss
reserves run off. For a particular corporate application of this
effective duration procedure, the company’s historical loss pay-
ment information by line of business can be used as a basis for
estimating future claim payouts. For purposes of this paper, we
used aggregate industry information available from A.M. Best
[1]. Due to their size and importance, two lines of business were
used in our analysis: private passenger auto liability (PPAL) and
workers compensation (WC). An additional advantage of using
these two lines of business is that their cash flows have differ-
ent timing characteristics: WC pays out more slowly, in general,
than PPAL. This distinction allows us to test the potential impact
of calculating effective duration under different payout environ-
ments.

Aggregate industry payout data for PPAL and WC were each
used in two different ways. First, the raw empirical data were
used. Empirical loss payment patterns were generated from an
actuarial analysis of historical calendar and accident year pay-
ment data. The second approach was to fit statistical distributions
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TABLE 1

CUMULATIVE PROPORTION OF ULTIMATE ACCIDENT YEAR
LOSSES PAID

(Based on Age After Beginning of Accident Year)

PPA Liability Workers Compensation
Age (Years) Empirical Smoothed Empirical Smoothed

1 .386 .398 .225 .362
2 .701 .672 .486 .496
3 .843 .827 .635 .588
4 .919 .909 .727 .658
5 .958 .953 .785 .713
6 .977 .976 .822 .757
7 .986 .988 .847 .793
8 .991 .994 .867 .823
9 .994 .997 .880 .848
10 .995 .998 .891 .869

to the raw empirical payment patterns.6 For both PPAL and WC,
a gamma distribution was used for illustrative purposes as the
“smoothed alternative” to the raw empirical payment pattern.

The loss payment patterns used in our tests were as shown
in Table 1. This table reflects the payout patterns through ten
years, which is the timeframe in which aggregate industry data
is available in any particular edition of A.M. Best’s Aggregates
and Averages. For our purposes, the WC patterns are extrapolated
out to 30 years, and the PPAL patterns to 15 (empirical) and 19
(smoothed) years.

The selected economic parameters are based largely on cur-
rent and historical economic relationships. A “base case” 5%
interest rate was selected in accordance with the level of short-
term government rates in effect during the late 1990s. A 40% re-
lationship between interest rates and claim inflation was selected

6In this case, the curve fitting was done using software called “BestFit” (a product of
Palisade Corporation), which provides best-fit parameter values to sample data for a
variety of theoretical distributions.
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based on the historical relationship between these two economic
variables.7 Finally, a 10% growth rate (g) is assumed, based on
judgment. This parameter reflects the fact that a typical insur-
ance company carries reserves for a number of different accident
years. The distribution of reserves by accident year is a function
of the growth rate in ultimate accident year incurred losses, and
the runoff patterns. The 10% growth assumption assumes that ul-
timate accident year losses are growing at 10% per year, which
reflects the growth in both the number of policies written and
claim cost inflation.

The selection of cost determination parameters is very dif-
ficult. Publicly available loss development information (e.g.,
Best’s Aggregates and Averages or the NAIC data tapes) includes
loss payments made each year, by accident year, on a by-line
basis. This is not sufficient to determine the fixed and variable
portions of loss reserves. Even within a company, the data needed
to determine these relationships is not generally maintained in an
easily accessible format. To address this issue, several large in-
surers were approached and asked to participate in a study to
help estimate the parameters used in this model. These compa-
nies were asked to report information on a small sample of claims
that were settled several years after the date of loss. None of the
companies could provide an answer to the question of when the
general damages portion of a claim is fixed in value. It appears
that there is simply too much uncertainty about the process used
to establish this figure to know if it is based on costs at the time
of the loss, the time of the settlement, or some interim time.

7The selected relationship is based upon the long-term (1926 through 1995) correlation
coefficient between U.S. Treasury Bill returns and the Consumer Price Index (CPI).
Correlations and regressions were also estimated over other time periods, and between
Treasury bill returns and a variety of inflation indices: CPI, private passenger auto bodily
injury liability claim inflation, auto physical damage claim inflation, and other line of
business inflation series. The correlation and regression coefficients varied greatly—by
both magnitude and statistical significance—according to the type of inflation and the
period being tested. The 0.40 relationship in the text is used for illustrative purposes
only; the value used in any specific effective duration analysis would require further
investigation and would depend upon the particular application. (Insurance claim inflation
data were taken fromMasterson [21]; T-bill and CPI data were taken from Ibbotson [17].)
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One company did provide especially detailed reports on a
sample of auto liability insurance claims. These reports showed
all the medical, wage loss, and property damage costs associated
with the claims, the date any of these expenses were incurred
by the claimant, and the total claim payment made by the com-
pany. For most of these cases, the final claim paid exceeded
the total costs the claimant had incurred. This is expected, since
the itemized expenses represented special damages, and the fi-
nal payment would also include the intangible general damages.
However, there was one case in which the policyholder was not
fully liable for the claim and the total payment was less than the
plaintiff’s expenses.

The general pattern of the expenses was as follows. At the
time of the loss, the plaintiff incurred significant medical ex-
penses, property damage, and wage loss. After the initial medi-
cal treatment, the plaintiff incurred some continuing medical ex-
penses, either for additional treatment or for rehabilitation. These
expenses most frequently ended before the claim was finally set-
tled. This would suggest that the function for the value of the
fixed claim is concave (n < 1), at least for the special damages
portion of the claim.

The results of this sample indicate that a more extensive and
detailed examination of this process would be very helpful in de-
termining the appropriate parameters for measuring effective du-
ration. For purposes of getting initial empirical estimates of effec-
tive duration, we have chosen to begin with k = 0:15, m= 0:10,
and n= 1:0. These values will be varied in the next subsection, in
order to determine the potential sensitivity of effective duration
results to the magnitude of these parameters.

Based on these selected parameters, a ¢r of 100 basis points,
and using a spreadsheet model to implement the calculations, the
effective duration indications in Table 2 were derived. The essen-
tial finding is that effective duration measures—which properly
account for the inflationary impact of interest rate changes on



job no. 1969 casualty actuarial society CAS journal 1969D07 [26] 11-08-01 4:58 pm

390 MEASURING THE INTEREST RATE SENSITIVITY OF LOSS RESERVES

TABLE 2

SUMMARY OF DURATION MEASURES FOR LOSS RESERVES
(Based on “Base Case” Parameter Assumptions)

PPA Liability Workers Compensation
Empirical Smoothed Empirical Smoothed

Macaulay Duration 1.516 1.511 4.485 4.660
Modified Duration 1.444 1.439 4.271 4.438
Effective Duration 1.089 1.085 3.158 3.285

Convexity 5.753 5.214 50.771 45.060
Effective Convexity 1.978 1.807 16.038 14.383

future loss reserve payments—are approximately 25% below
their modified duration counterparts. This relationship appears
to be consistent, based on the illustrative PPAL and WC tests
above, regardless of line of business, or whether empirical or
smoothed payout patterns are utilized.

In addition to duration, another quantity that is important
to asset-liability management—convexity—is also displayed in
Table 2. Just as the impact of inflation on future cash flows
must be measured via effective duration, the second derivative
of the price/interest rate relationship is appropriately measured
by effective convexity in an inflationary environment. The re-
sults in Table 2 show that there is a significant difference be-
tween the traditional and effective measures of convexity. The
effective convexity formula used to derive the values in Table 2
was:

Effective convexity =
PV!+PV+!2PV0

PV0(¢r)2
: (6.1)

Sensitivity of Effective Duration to Parameter Values

As indicated above, effective duration measures can provide
significantly different evaluations of property-liability insurer



job no. 1969 casualty actuarial society CAS journal 1969D07 [27] 11-08-01 4:58 pm

MEASURING THE INTEREST RATE SENSITIVITY OF LOSS RESERVES 391

interest rate sensitivity than the traditional modified duration
measures. Use of the appropriate effective duration measure
is therefore critical when utilizing asset-liability management
techniques. Similarly, it is important to have an understand-
ing of which parameter values have the greatest impact on
the magnitude of the effective duration calculation. In Table
3, various parameters have been changed—one at a time—to
demonstrate the level of sensitivity of effective duration val-
ues with respect to those parameters. (Since the empirical and
smoothed pattern results were so similar above, to promote clar-
ity only the empirical patterns were used for each line of busi-
ness.)

The main result from Table 3 is the significant sensitivity
of effective duration to the interest rate-inflation relationship.
In particular, this parameter expresses how much inflationary
pressure is associated with a 100 basis point change in interest
rates. If there is no correlation between interest rates and infla-
tion, the modified duration and effective duration are the same.
If the correlation is as high as 80%, the effective duration is
approximately one-half the modified duration. The relationship
between changes in interest rates and changes in inflation—both
CPI and line of business claim inflation—has historically been
very volatile. Our results suggest that additional efforts to deter-
mine reasonable values for this relationship parameter would be
worthwhile.

Another observation from the table is that the results are not
overly sensitive to some of the cost determination parameters.
Given the difficulties mentioned above of determining values
for the parameters, this is a somewhat comforting finding. For
companies undertaking asset-liability management, simply using
effective duration measures of their liabilities is more important
than having the exact parameter values. However, these compa-
nies should be encouraged to collect data that will allow them to
monitor the sensitivity of their results to different cost determi-
nation function specifications.
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TABLE 3

ANALYSIS OF THE SENSITIVITY OF EFFECTIVE DURATION
MEASURES OF LOSS RESERVES

(Based on Single-Parameter Changes From “Base Case” Values')

PPAL Empirical WC Empirical

Macaulay Duration'' 1.516 4.485
Modified Duration'' 1.444 4.271

Effective Duration
Base Case 1.089 3.158

Inflation-Interest Relationship:
80% 0.733 2.036
60% 0.911 2.596
40% 1.089 3.158
20% 1.267 3.721
0% 1.445 4.286

k = 0.25 1.128 3.284
0.20 1.108 3.221
0.15 1.089 3.158
0.10 1.069 3.095
0.05 1.049 3.032

m = 0.20 1.067 3.104
0.15 1.078 3.131
0.10 1.089 3.158
0.05 1.099 3.185
0.00 1.110 3.212

n= 1.40 1.045 3.040
1.20 1.065 3.092
1.00 1.089 3.158
0.80 1.120 3.245
0.60 1.160 3.362

g = 0.20 1.070 2.849
0.15 1.079 2.985
0.10 1.089 3.158
0.05 1.101 3.367
0.00 1.116 3.589

'Base case values are: k = 0:15, m = 0:10, n = 1:00, g = 0:10 (where g represents the insurer’s growth
rate), a 5% interest rate, and a 40% relationship between interest rate and inflation movements.
''These duration figures reflect base case parameter values. When parameter g is changed according
to the range above, Macaulay and modified durations also change slightly:

PPAL : D
O
= 1:501 to 1:540, and MD

O
= 1:429 to 1:466

WC : D
O
= 4:128 to 4:910, and MD

O
= 3:932 to 4:676
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7. USE OF EFFECTIVE DURATION IN ASSET-LIABILITY
MANAGEMENT

In previous sections, the deficiencies of traditional measures
of duration in an inflationary world were identified, and an alter-
native measure—effective duration—was described. In this sec-
tion, the impact of using effective, as opposed to modified, dura-
tion on a company’s asset-liability management process is illus-
trated. The example used is a hypothetical workers compensation
insurer; it is assumed that this company has asset and liability
values which are related in a manner consistent with aggregate
industry balance sheet figures.

The effective duration analysis in the prior section concen-
trates on loss and allocated loss adjustment expense reserves and
runoffs. A complete asset-liability management analysis would
also consider unallocated loss adjustment expenses and unearned
premium reserves (the timings of which are described in Section
3 of this paper). For simplicity, and because they represent a rel-
atively small part of an insurer’s liabilities, unallocated loss ad-
justment expenses are considered together with losses and ALAE
in the illustrative example in this section. However, the reason-
ableness of this assumption would need to be evaluated in any
specific corporate application of asset-liability management.

The duration of the unearned premium reserve was described
in Section 3. The one adjustment that must be made with re-
spect to asset-liability management is to only consider the por-
tion of the unearned premium reserve (UPR) which is associated
with future losses and loss adjustment expenses—it is only this
portion which represents a liability for future cash flows which
may be impacted by inflation. The duration for this portion of
the UPR is calculated by determining the duration of the loss
and LAE reserve for the most recent accident year, and adding
0.75. The other portion of the UPR—the “equity” in the UPR—
represents prepaid expenses associated with prior writings of in-
surance policies, and is essentially an accounting construct which
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is unrelated to future cash flows. Thus, this portion of the UPR
is not considered in the following illustration.

For illustrative purposes, all other liability items on the in-
surer’s balance sheet are considered to have a Macaulay duration
of 1.0 (and thus, at an interest rate of 5%, a modified duration
of 0.952).

The duration of an insurer’s surplus,DS, is as follows (Staking
and Babbel [26]):

DSS =DAA!DLL, (7.1)

where

S = surplus,

D = duration,

A= assets, and

L= liabilities.

In order to immunize its surplus (setting Ds = 0) from interest
rate risk,8 an insurer needs to set the duration of its assets as
follows:

DA =DL
L

A
: (7.2)

Thus, the appropriate determination of the duration of liabilities
is critical for asset-liability management.

Based on the aggregate industry balance sheet figures for WC
insurers reported in A.M. Best [1], Table 4 shows the liability
distribution for an insurer with assets of $1 billion.9 The liability

8In some cases, management would prefer to accept interest rate risk if an adequate return
were provided for taking this risk. This alternative approach is to balance the generally
higher returns from a longer term portfolio of assets against the risk of this position.
Regardless of whether an insurer is attempting to immunize its portfolio or balance the
risk-return trade-off, an accurate measure of duration for assets and liabilities is needed.
9Workers compensation insurers tend to have a slightly higher proportion of their liabil-
ities in loss and loss adjustment expenses, and a much lower proportion in the unearned
premium reserve, than other insurers. In applications of this technique, the actual val-
ues for these liabilities and the actual relationship between assets and liabilities for the
company should be used.
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TABLE 4

EXAMPLE OF ASSET-LIABILITY MANAGEMENT FOR A
HYPOTHETICAL WORKERS COMPENSATION INSURER

($ figures are in millions)

Dollar Modified Effective
Value Duration Duration

Loss and LAE Reserves 590 4.271 3.158
UPR (portion for losses and LAE only) 30 3.621 1.325
Other Liabilities 90 0.952 0.952

Total Liabilities 710 3.823 2.801

Total Assets 1,000

Indicated Asset Duration to Immunize Surplus: 2.714 1.989

durations were calculated as described above and in Section 6
based on the empirical WC payout pattern. The resulting overall
(value-weighted) liability modified duration is 3.823, while the
effective duration of total liabilities is 2.801.

If the insurer wanted to immunize surplus from interest rate
swings based on modified duration, the duration of assets would
need to be 2.714. However, based on effective duration, the du-
ration of assets should be 1.989. An insurer that attempted to
immunize its exposure to interest rate risk by matching the du-
ration of assets with the modified duration of liabilities, instead
of effective duration, would find that it still would be exposed to
interest rate risk. Based on these values, the insurer would have a
duration of surplus of 2.501: each 1 percentage point increase in
the interest rate would decrease surplus by 2.501 percent (where
surplus here is defined as the economic value of statutory surplus
plus the equity in the unearned premium reserve).

8. CONCLUSION AND FUTURE RESEARCH

This paper has demonstrated a method for determining the
effective duration and convexity of property-liability insurer
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liabilities, and has provided some general estimates of these val-
ues. Based on the results derived, it appears that there can be sig-
nificant differences between the traditional measures of duration
(i.e., Macaulay and modified duration) and effective duration.
Of these measures, only effective duration is capable of properly
accounting for the impact of inflationary pressures on liability
cash flows that are associated with potential changes in inter-
est rates. This means that effective duration is the appropriate
tool for measuring the sensitivity of the liabilities of property-
liability insurers to interest rates when performing asset-liability
management. Use of the wrong duration measure can lead to an
unintended mismatch of assets and liabilities, and an unwanted
exposure to interest rate risk.

In addition to inflation, interest rate changes may also be cor-
related with other financial and economic variables. For exam-
ple, a decrease in interest rates is often—on average—associated
with an increase in stock prices (since the discount rate on fu-
ture dividends and capital gains is lower). Similarly, changes in
interest rates in the U.S. may certainly impact international fi-
nancial relationships. To the extent to which these other variables
are factors in a jury’s damage award considerations, they must
also be contemplated in an effective duration framework. For
example, if the stock market has increased in value significantly
between the time of an accident and the final jury verdict, a well-
structured comment from the plaintiff’s attorney to the jury may
lead to a higher award on the grounds that the plaintiff could
have invested the monies lucratively if they had been available
at the time of the accident.10 These types of issues are beyond
the analytical scope of this paper, and are left for future research.

In this paper, we have approached the measurement of effec-
tive duration from the standpoint of a shift in a constant interest
rate. Future research should examine the impact of a stochastic

10The appropriate analytical framework in this case may involve option pricing theory—it
is possible that the jury award may depend on the maximization of alternatives involving
such considerations as inflationary environment, stock market performance, etc.
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interest rate model on effective duration and asset-liability man-
agement. Interesting and important work in the non-insurance
literature on effective duration, yield curves, and stochastic in-
terest rates (e.g., Babbel, Merrill, and Panning [4]) has significant
future applicability to the issues addressed in this paper. In ad-
dition, stochastic interest rate models are beginning to appear
in the property-liability insurance industry, especially within the
context of dynamic financial analysis (D’Arcy and Gorvett, et al
[9 and 10]). DFA models can connect underwriting experience,
as well as loss development, to stochastically generated interest
rate paths. In analyses in which assets are valued according to
a stochastic rate assumption, it is appropriate to value liabilities
on the same basis. These will be an important areas for future
research.
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