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Abstract

To analyze the risk of life insurance reserves, we extend the literature by

incorporating the risk of early surrender in addition to the risks of stochastic mortality and

interest rate.  We first employ the cointegrated vector autoregression technique to estimate

an empirical relationship between lapse rate and interest rate and discover a significant

cointegrated vector between them. Based on this empirical model, we then simulate the

distribution of policy reserves under the consideration of stochastic mortality, interest rate,

and lapserate. Interestingly, we find that the emergence of early surrender may reduce the

expected value as well as the risk of policy reserves due to the surrenders in the low interest

rateera. Early surrender therefore could benefit the life insurance company.

Keywords: cointegration analysis, lapse rate risk, reserve distribution
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|. Introduction

Risk analyses of policy reserves are important to life insurance companies. Policy

reserves have consistently been the largest liability item in the balance sheet of life insurers.

It is calculated by summarizing the associated expected discounted cash flows, where the

expected cash flows are dependent on factors such as mortality, disability, lapse rate, and

other decrements and the discount rate is chosen to reflect the undiversifiable risk of the

expected cash flows. The summarization into a single number masks the dynamic nature of

policy reserves, however. Policy reservesindeed are subject to various risks since the

associated cash flows and discount rates are contingent upon uncertain future micro- and

macroeconomic events. Because of the immense size of policy reserves, the uncertainty

embedded in the estimation of policy reserves could have significant impact on the solvency

of insurers. It istherefore important to quantify the risk associated with policy reserves.

Quantifying the risk of policy reservesis equivalent to estimating the distribution of

policy reserves. To achieve this purpose, one must explicitly model the stochastic cash flow

and stochastic discount rate.  The reserving method developed in classical actuarial

mathematics textbooks such as Jordan (1967) and Bowers et a. (1986; 1997) alows

probabilistic future lifetime, but the discount rate is assumed to be deterministic.  In other

words, the classical reserving method takes account of the mortality risk only without

considering theinterest raterisk.  Further generalizations in the literature, for instance,



Panjer and Bellhouse (1980), Bellhouse and Panjer (1981), Giaccotto (1986), Beekman and

Fuelling (1990; 1991; 1993), and De Schepper and Goovaerts (1992), is to incorporate

stochastic interest rate into the classical methodology. These papers derive either the first

two moments or the whole distribution of policy reserves for one insurance policy under

certain assumptions of interest rate dynamics. More recent papers (Frees, 1990; Parker,

1994a, 1994b, 1994c, 1996, 1997; Marceau and Gaillardetz, 1999) extend previous analyses

from asingle policy to apool of policies. Such extension is another break-through because

the limit theorems for approximating the behavior of sums of policies are not available under

acommon stochastic interest rate environment.  The literature so far provides us with good

understanding about the risk of policy reservesin an environment with stochastic mortality

and stochastic interest rate.

We contribute to the literature by incorporating another stochastic element, |apse rate,

into the estimation of the risk of policy reserves. Most insurersincludein their contracts a

provision that grants the policyholder who elects to terminate the policy the right to a cash

surrender value.  If the lapse behavior of policyholders were independent of interest rate, we

could simply treat lapse as another decrement in addition to mortality and use typical

multiple-decrement models to deal with the lapse raterisk. However, we can observe that

lapserateisin fact related to interest rate.  During the high interest rate period of the 1980s,

record high numbers of policies were surrendered. Several recent actuarial studiesin the



Transactions of Society of Actuaries Reports also show that policyholders tend to surrender

policies asinterest raterises. Theright to surrender policy early, also caled the surrender

option, embedded in awide range of life insurance products thus may cause the cash flows

associated with life insurance policies to be sensitive to interest rate.

The fact that |apse rate and the resulting cash flows of life insurance policies are

sensitive to interest rate could significantly alter the distribution of policy reserves and have

profound impact on corresponding risk management.  Albizzati and Geman (1994) and

Grosen and Jorgensen (2000) demonstrate that the surrender option could account for a

substantial portion of the present value of al future premiums. In particular, if the exercise

of the option isimplemented rationally with the change of interest rate, the surrender option

could account for more than fifty percent of the contract value. Furthermore, Babbel (1995),

Briys and de Varenne (1997), and Santomero and Babbel (1997) find that the interest rate

sensitivity of policy’s cash flow is critical to the duration and convexity of the insurance

policy. They show that mis-specifying the interest rate sensitivity of lapses could cause

large errors in the estimates of effective duration and even greater errors in the estimates of

convexity. The disintermediation that happened to the U.S. life insurers during the 1980s

also demonstrated the adverse effect of interest-rate-sensitive lapses.  Many life insurers

experience negative cash flows for the first time since the 1930s depression and are forced to

liquidate assets at depressed prices (Black and Skipper, 2000, p. 111). Incorporating lapse



rate thusiscrucial.

To integrate interest-rate-sensitive surrender behaviors into the estimation of the
policy reserve distribution, we need to determine the relationship between lapse rate and
interest rate.  We use the cointegrated vector autoregression (VAR) model to construct an
empirical model for thisrelationship. Statistical tests show that there does exist a significant
cointegrated vector between lapse rate and interest rate.  We therefore should incorporate
such interest-rate-sensitive feature of lapse rate into the estimation of policy reserve
distribution to better manage the risk of policy reserves.

After establishing the empirical lapse rate model, we employ Monte Carlo simulation
methodology to generate the distribution of policy reservesfor apool of level-premium
endowment policies® with cash-value schedules fixed at policy inception in the environment
with stochastic mortality, interest rate, and lapse rate.  Our simulation results show that the
mortality risk isignorable compared to the interest rate risk, as expected. We also find,
somewhat surprisingly, that the emergence of early surrender may actually reduce the mean,
the standard deviation, and the 95" percentile of policy reserve distribution.  In other words,

the surrender option offered by the life insurance company could indeed benefit the insurance

! Endowment policies play an important rolein many areas such as Europe, Japan, Taiwan, and South-East Asia.
The endowment polices analyzed here have an important common feature: level premiums.  Previous studies
(except Parker, 1996) consider single-premium contracts only, leaving the extension to annual premiums
implicit. When cash flows are independent of interest rates, extending previous results to the case of annual
premiumsis easy (Parker, 1996; 1997). However, when lapserate is afunction of interest rate, both cash
outflows resulting from early surrenders and cash inflows determined by the number of people left in the pool
are contingent on interest rate.  Generalization from single-premium contracts to level-premium policiesis then
no longer straightforward and the results of single-premium cases may not hold for level-premium ones.  Since
most insurance policies are sold with level premiums, our analysis on level-premium policies can offer further
practical insightsinto the risk of policy reserves.



company. Thedriving force for such positive effect comes from the lapses occurring during
the low interest rate era, a seemingly irrational phenomenon that can however be observed
from the history of United States and Japan. If a sufficiently large portion of policyholders
“irrationally” surrender the valuable credit rate guarantee® embedded in their policies when
market interest rate is low, the surrender option might turn out to be beneficial to the
insurance company.  Such surprising result confirms our argument at the beginning that a
robust lapse rate model is essentia to the correct valuation and sound risk management of
policy reserves.

The remainder of our paper isorganized asfollows. Section Il briefly introduces the
cointegration methodology and estimates an empirical model of lapserate.  Section 11
performs the Monte Carlo simulation followed by risk analyses and various robustness
checks. Section IV summaries the results and discusses the directions of future research.

II. An Empirical Modédl of Lapse Rate

Few empirical studies ook into the relationship between lapse rate and interest rate.

Using two different measures of lapse rate®, Outreville (1990) finds merely weak connection

between |apse rate and interest rate in the United States and Canada.  Stronger connections

2 We use “credit rate” to represent the discount rate that is used to calculate the actuarially fair premium,
conventional (or book value) policy reserves, and cash values. It isadiscount rate to the insurance company,
but also represents the implicit return credited to policyholdersin accumulating cash values.  Since we assume
that cash values are fixed at policy inception, the insurance company indeed offers a credit rate guarantee or a
minimum return guarantee to its policyholders.

% Both the Life Insurance Marketing and Research Association and the American Council of Life Insurance
define and report |apse rates.



are found from more recent actuarial studies® in the Transactions of Society of Actuaries
Reports.  These studies document that surrender increases with the spread between the
policy’s credit rate and the market interest rate.  The inconsistent results among previous
studies are probably due to the difference in sampling periods and in methodologies. The
samplein Outreville (1990) covers up to 1979 only and misses the wide swing of interest rate
during 1980s and 1990s, while the sample periods of the actuarial studies basically include
the late 1980s and 1990s.  Besides, Outreville (1990) performs OLS anaysis with
Cochrane-Orcutt adjustment for first-order serial correction of residuals whereas most
anaysesin actuarial reports are accomplished with univariate analysis without controlling
variables. Sincethe results so far are relatively scarce and inconclusive, we aim to
empirically construct amodel that captures the connection between lapse rate and interest
rate in this section.
1. Data

We obtain lapse rate data from the Life Insurance Fact Book, an annual statistical
report of the American Council of Life Insurance. The datain the Fact Book represent
information about life insurance companies authorized to sell insurance policiesin the U.S.

market. Our sample contains annual voluntary termination rates of all ordinary life

* See, for instance, Cox, Laporte, Linney, and Lombardi (1992) and the Annuity Persistency Study in the
1995-96 reports (p. 559-638).



insurance policies® in force from 1959 to 1995. Compared with the sample of previous
papers, ours has more sample points, spans alonger period, and covers the era of highly
volatile interest rates in the 1980s and early 1990s. We collect interest rate datafrom the
U.S. Financial Database maintained by the Ministry of Education in Taiwan®.
2. Estimation of the Cointegrated Vector Autoregression Model

We employ the augmented Dickey-Fuller (ADF) tests to test whether there is a unit
root in lapse rate and interest rate. The ADF tests are done on both the levels and the
first-order differences of lapse rate and interest rate. Figure 1 shows the levels and the
first-order differences of these two series and Table 1 reports the results of the unit root test
on lapse rate, interest rate, and their first-order differences. All of the ADF statistics for the
levels of both series are not significant at 5% level, implying that the null hypothesis of a unit
root cannot be rejected for lapse rate and interest rate. In addition, the corresponding
statistics for their first-order differences are significant at 1% level and thus suggest the
rejection of the null hypothesis. Based on these results, we conclude that lapse rate and
interest rate follow nonstationary /(1) processes individually.

[Insert Figure 1 Here]

® Nearly all individual insurances are classified as “ordinary insurance” in the Fact Book. Roughly 0.2 percent
of individual life insurance in force s classified asindustrial insurance.

® Since the one-year Treasury bill rates are recorded monthly, we transform monthly interest rate to annual rate
by the following compounding method:

le

annual interest rate = (1+—)(1+ ) (1+—= ) 1

where m denotes the interest ratein month 7, i=1, 2, ..., 12.



[Insert Table 1 Here]

After the unit root test, the order of VAR model needsto be decided. The Akaike
information criterion (AIC) is used for this purpose. The optima model selected by AIC is
VAR(3). Basing onthis VAR(3) model, we use two maximum likelihood multivariate
cointegration tests, the maximal eigenvalue test and the trace test, to conduct the
cointegration test to determine the number of cointegration vectors. The results are reported
inTable2. Both testsrevea the existence of a cointegrating vector between lapse rate and

interest rate.

[Insert Table 2 Here]

We then use the maximum likelihood methodol ogy to estimate an error-correction

model with one cointegrating vector of lapse rate and interest rate as the following:
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The specifications for individual variables in the error-correction VAR model and the

results of their misspecification testsarein Table 3. Table 3 shows that the estimated



models of |apse rate and interest rate are generally well specified, especially the equation for

lapse rate.

[Insert Table 3 Here]

I11. Monte Carlo Simulation

After specifying the relationship between lapse rate and interest rate, we turn to

generate the distribution of policy reserves through Monte Carlo simulation. The simulation

procedure consists of threerisk layers, one on top of another. In thefirst layer we consider

the mortality risk resulting from random survivorship. We adopt the probabilistic

interpretation of the life table to estimate the risk of random survivorship. The second layer

considers the interest rate risk due to the randomness of interest rate.  We employ the

cointegration model estimated in the previous section to resemble the interest raterisk. The

lapse rate risk is then added to the ssmulation on top of random mortality and interest ratein

thefinal layer. The lapse rate risk should be analyzed after the intered rate risk since it

originates from the dependence of |apse rate on interest rate.  Such layer-adding analysis

permits us to retrieve the distribution of policy reserves with all risks being considered as

well asto evaluate the marginal effects of various risk sources.

1. Simulation Setting

Consider agroup of N life-aged-a policyholders. Assume that these policyholders

have two causes of decrement: death and early surrender.  For each of these policyholders,
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the probability of decrement during the age interval of xand x+1 due to death and early
surrender is specified by ¢t and ", respectively’, where xis apositive integer and x =
a Inaddition, let [“)(x) denotethe cohort’s number of survivors at age x out of the
original Nlivesand let D! denote the random variable equal to the number of lives who
will leave the group between ages xand x+1 for cause i, wherei=m, /,or 7 2.

Let the T-year endowment policies issued to these policyholders have face amount of
$ F dollars payable at the end of the death year or at the end of the Tth year and net level
annua premium $ Pdollars payable at the beginning of each surviving year. If
policyholders surrender their policies during the age interval of xand x+1, they receive the

amount of S, attheend of theyear. We assume that

s=®e+o2 X 2*1¢ 2)°
e T g
where | ...V, isthepolicy reserves calculated with random future lifetime and deterministic

interest rate asin Bowers et al. (1986; 1997) and x < a+ 7. Let L bethe random variable

denoting the present value of the cash flows generated by this portfolio. Then

atT-
o

-1
L= al(F D" +S DY) v, ul+F L9a+7) v
) atT-1

-TAP LY v..], €)

where v, isthe discount factor for the cash flows at policy year x-a™.

" The superscript mindicates the cause of mortality and / the cause of policy lapse.
® The superscript 7 referstoall causes. Noticethat LY (g)° N.

® Although this formula comes from Model Provisions of Life Insurance Policy in Taiwan, it possesses the
general property of surrender charges: surrender charges are usually high at the beginning and decrease as
policies mature.
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The random variable L represents the present value of insurers’ liabilities associated
with apool of policies. The statistical properties of L are critical to the risk management of
life insurance companies and are of great concerns to actuaries, insurance regulators, and
various stakeholders of the companies. Our goal isto estimate the distribution of L.

In the following simulations, we specify that N =100,000, 7=20, F =1,000,
a= 30, theinterest rate used in calculating Pand | ...V, is6%™, and ¢\ isdistributed as
in the 1980 CSO male mortality table.  Pis $27.133 obtained by the equivalence principle.
Note that we do not consider dividends, expenses, loadings, taxes, or new business in the
simulation.

2. Mortality Risk

Our focusin this subsection is the risk arising from random survivorship exclusively.
In other words, we assume that the market interest rate is fixed at 6% and there are no early
surrenders.  To assess the risk resulting from random survivorship, we assumethat D'
has abinomial distribution with parameters (L) (x), ¢\™). Thisassumption isjustifiable
if deaths among policyholders are mutually independent. We simulate 10,000 observations

of D! for 30£ x<50 and obtainthe distribution of L. The results are as shown in

Figure 2.

1 if x=a,
1 if a<x<a+T where I, , istheinterest rate prevailing during
f+n)itn)-@+r,) ’

the policy year x-afora< x< a+T.
" Thisrateis also called the credit rate in the following text.

10
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[Insert Figure 2 Here]

Our simulation shows that the mortality risk istrivial. The expected value of the
distribution is close to zero and the standard deviation is about one percent of annual
premiumsonly. Even the 95" percentile of the distribution is less than two percent of
annual premiums™®.  In other words, the insurer could keep premium-surplus ratio as high as
fifty for the insolvency probability of five percent. The insignificance of the mortality risk
ismainly due to the assumption of independence among policyholders deaths and the large
size of thepool. We experiment with the size of the pool and confirm that a pool with n
times of policies (and thus ntimes of premium income) has a standard deviation about Jn
times. Since the premium income increases faster than the standard deviation as the pool
Size increases, the risk measured by the ratio of the standard deviation to premium income
decreases with the pool size.  When the pool is sufficiently large, the risk of the pool relative
to premiumsdiminishes. Theresult of insignificant mortality risk is consistent with the
findings of previous studies.

3. Interest Rate Risk

In this second layer of simulation we include an additional risk factor: interest rate.

The fundamental problem with the randomness of interest rate liesin the fact that, as opposed

to the mortality risk, it is not possible to diversify the interest rate risk away by selling alarge

12 The 95" percentile is about 1.64 times of standard deviations away from the mean. The number 1.64 along
with the 2.87 kurtosis and the skewness of 0.119 once |leads us to suspect that the distribution is a normal
distribution. However, the Jarque-Beratest rejects the hypothesis of normality.

13



number of policies because every policy is subject to the same or highly correlated interest
rates. Thus, the interest rate risk is expected to be more imperative to the insurer than the
mortality risk.

To capture the dynamics of interest rate, we adopt the cointegration model devel oped
in section Il to ssmulate 10,000 interest rate paths of monthly one-year T-bill rates for twenty
years™,  Combining the 10,000 interest rate paths with the 10,000 setsof D!™ simulated
in section 111.2, we obtain the distribution of L under the consideration of stochastic interest
rate as well as random survivorship. The shape and summary statistics of this distribution
are shown in Figure 3.

[Insert Figure 3 Here]

The interest rate risk is obviously momentous. The mean reserve that is supposed to
be zero or close to zero with the presence of the mortality risk now increasesto $1,397,287,
about fifty percent of annual premiums. The positive sign of the mean arises from both the
convexity of the present value function with respect to interest rate and the slightly upward
trend in the mean of simulated interest rates.  The mean of simulated interest rates increases

from the initial value of 6% to about 6.3% in the 20" simulated year’*.  Since interest rates

B |n simulating interest rates, we modify our cointegration model by setting the coefficients associated with
lapse rate in the interest rate equation to be zero since these coefficients are not significant and it might not be
reasonable to allow lapse rate to affect interest rate.  In other words, we treat interest rate as an exogenous
variable. Furthermore, we assume that the market interest rates at time —1 and —2 are 6%, the interest rate used
in calculating the fair premium.

4 Thistrend is due to the constraint of non-negative interest rate.  Since theiinitial interest rate is 6%, the
downward movements of interest rates cannot exceed 6% while the upward movements have no upper bound.
As simulations move on and the cumulative deviations of interest rates from 6% enlarge, the deviations might
not symmetric on average any more due to the non-negative constraint and would be biased positively.

14



on average are higher than the 6% rate used to price the insurance, policy reserves increase
from zero. Furthermore, even though mean interest rate could have remained constant,
policy reserves would still be greater than zero due to the convexity of discounting. The
decrease of policy reserves resulting from an increase in interest rate thus would be less than
the increase of reserves with an equivalent declinein interest rate.  Therefore, reserves that
are supposed to be zero under a constant interest rate environment turn out to be greater than
zero within a stochastic interest rate environment.

The enormous figure of the mean results from the fact that the insurance policy
anayzed isalong-term contract. The long maturity of the insurance aggravates the effect of
the convexity. Long term discounting makes the increase of reserves resulting from interest
rate declines substantially larger than the decrease with equivalent risesin interest rates.

The large mean indicates that the insurance will be severely under-priced if the stochastic
interest rate is mistakenly treated as fixed. In other words, the insurance sold under a
stochastic interest rate environment but priced under the assumption of a deterministic
interest rate would result in serious under-estimation of the contract value.

In addition to the large mean, the standard error of $9,072,683, which is more than
three times of the total annual premiums, also signifies the severity of the interest rate risk.

Furthermore, the 95" percentile of the distribution is almost seven times of annual premiums

Therefore, the mean interest rate increases owly with time.  If we had allowed negative interest rates, then the
slim rising trend would have disappeared.

15



meaning that the insurer has to keep tremendous amount of surplus to maintain an acceptable
solvency probability. In summary, the large mean, the large standard error, the large 95"
percentile, and the long right tail of the distribution of policy reserves all suggest that the
interest rate risk of policy reservesis substantial.

4. Lapse Rate Risk

Thethird risk factor that we consider in the simulation islapserate. Life insurance
policyholders may surrender their contracts to take advantage of the higher-yield alternatives
in the financial markets.  Such behavior makes the cash flows of life insurance policies
sensitive to market interest rate and may significantly change the risk characteristics of policy
reserves. Taking early surrendersinto consideration therefore is essential to risk
management of policy reserves.

To evauate the lapse rate risk, we simulate 10,000 sample paths of |apse rate based on
our empirical cointegration model’®>. These lapse rates are then combined with mortality
rates in the calculation of reserves so that the policyholders are subject to two decrements.
We apply again the concept of random survivorship group to simulate 10,000 setsof D!
and DV for 30£ x<50 under the assumption that both D™ and DY arebinomially

distributed with parameter sets (L (x), ¢ )and (L (x)- D', ¢), respectively®.

5 To start the simulation, we assume that the lapse rates at time -1 and -2 are 8%, the average lapse rate of the
sample period.
8 The assumptionthat D{” hasabinomial distribution is equivalent to assuming that surrender decisions

among policyholders are mutually independent.  Although policyholders have the same propensity to lapse
their policies and the propensity is dependent upon interest rate, their |apse decisions might not necessarily

16



Combining the resulting 10,000 cash flow paths with the 10,000 interest rate paths simul ated
in section 111.3, we obtain the distribution of L under the consideration of random
survivorship, stochastic interest rate, and interest-rate-sensitive lapse rate.  The simulation
results are presented in Figure 4.

[Insert Figure 4 Here]

The right to lapse affects the distribution of policy reserves dramatically. The
surrender option surprisingly helps the insurance company: the expected value of reserves
turns from positive to negative and the standard deviation as well as the 95™ percentile
decreases significantly. The mean of reservesis now -$70,719, different from $1,397,287
when there are no lapses.  The negative figure implies that the insurance company is
expected to make profit from this pool of policies. An obvious reason for the dramatic
reduction in the mean is the surrender charge that is about 20% for the first year and
gradually declines over time.  Policyholders who surrender their policies hence are
compensated with only associated policy reserves minus surrender charges™’.  If we assume
that the surrender charge is zero, then the mean reserve bounces back to $960,068 as we can
see from Figure 5.

[Insert Figure 5 Here]

affect each other.  The assumption therefore isreasonable.  The reason why the distribution parameter of
DY is LW (x)- D™ instead of L) (X) isbecause of the assumption that policyholders who can choose to

lapse their policies during the age interval of x and x+ Iare those who survive to age x+ 1.

¥ This does not necessarily mean that insurance companies treat policyholders unfairly. Surrender charges are
used to cover policy expenses that have not been recouped from received premiums.  Since we do not consider
expenses, surrender charges look like benefiting the insurance company.

17



Notice that the mean of Figure 5 is still smaller than that of Figure 3. The drop of

the mean results from the |apses that happened during periods of low interest rates. The

policyholders who choose to surrender their policies when market interest rates are low

indeed relinquish the valuable credit rate guarantee offered by the insurance company at

policy inception and hence benefit insurers.  Although |apses occurring during high interest

rate periodsimpair insurers' profits, the convexity of policy reserves with respect to interest

rate makes the losses smaller than the gains. Comparing Figure 5 with Figure 3, we can

observe that the effect of shrinking the right tail through lapses happening during the

low-interest-rate periods is greater than the effect of shrinking the left tail due to lapses

happening during the high-interest-rate periods. The net effect of Iapses thus resultsin a

decrease of the mean.

Such decrease, or equivaently a negative aggregate value for a pool of surrender

options, is not seen in previous studies like Albizzati and Geman (1994), Grosen and

Jorgensen (1997), or Grosen and Jorgensen (2000). These studies typically assume that the

policyholder’s lapse behavior isfairly “rational .” *®

When interest rate is low, policyholders
are not supposed to exercise their surrender options because the surrender option is now out

of money and the credit rate guarantee isin the money. When interest rate is high, most

policyholders are supposed to lapse their policies because the surrender option is now deep in

18 Although Albizzati and Geman do allow certain degree of “irrationality” in the lapse decision of
policyholders, the assumed range of |apse rate (3% to 60%) is much larger than the observed one (5.0% to
11.6%).

18



the money while the credit rate guarantee still has somevalue. The history however
demonstrates that some policyholders do lapse their policies even when interest rate is very
low. For instance, during the early 1960s, one-year interest rate was very low but lapse rates
were still over 5%. Even in Japan where recent interest rates were extremely low, more than
one tenth of policies lapsed in 1997, 1998 and 1999, respectively’®.  On the other hand, the
history also shows that only a certain portion of policyholders would lapse their policies even
when interest rates are very high.  For example, lapse rates never exceeded 12% during the
extraordinary period of high interest ratein the early 1980s. Therefore, previous studies
assuming that the decision to lapse is equivalent to the “rational” early exercise of options
overestimate the (aggregate) values of surrender options.

In addition to reducing the expected value of policy reserves, lapse also actsto
mitigate the risk of reserve. The standard deviation drops more than fifty percent to
$4,064,278 in Figure 4. The 95" percentile also decreases to alevel of only forty-four
percent of that in Figure 3.  This beneficial effect of lapse to insurers sustains no matter
whether the surrender charges exist or not as we can see from Figure 5°°.  This mitigation of
risk is reasonable because lapses make the losses and the gains of insurers caused by the

variability of interest rates smaller.  With the emergence of lapses, insurers make smaller

¥ The number is estimated with the data from the Life Insurance Business in Japan
(http://www.seiho.or.jp/english/index.html).

% Since we assume that the surrender charges do not affect the likelihood of lapse, the charges would change
only the location of the distribution but not the shape of the distribution.
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profit with rising interest rate and lose less whe