
Chapter 23
Web Extension:

Risk Management with Insurance 
and Bond Portfolio Immunization

In the main body of the chapter, we explained risk management techniques that
employed derivative securities. We discuss two alternative techniques for manag-
ing risk in this Web Extension—insurance and bond portfolio immunization.

Corporate Insurance Programs
The first step in a corporate insurance program is to identify all potential losses, and the
second step is to assess their likelihoods of occurrence and loss potentials. In this section,
we discuss risk identification and measurement.

Risk Identification and Measurement Risk identification is the process by which
a business systematically and continuously identifies those current and potential risks
that might adversely affect it. Most corporate risk managers use a checklist to identify
risks, and smaller firms without risk managers usually rely on the risk management
services of insurance companies or else hire risk management consultants to identify
and measure the risks that they face. The checklists, which are published by insurance
companies, the American Management Association, and the Risk and Insurance Man-
agement Society, are many pages long, so we will not present one here.1 For small firms,
it may be possible for a single individual to apply the checklist to his or her firm to iden-
tify the risks, but larger, multidivisional firms must involve a number of people in the
risk identification process.

After risks have been identified, it is necessary to measure the firm’s degree of expo-
sure to each risk. This involves estimating (1) loss frequency (or loss probability) and
(2) loss severity (dollar value of each loss). In general, loss exposure is more a function
of the severity of losses than of their frequency. A potential catastrophic loss, even
though its frequency is rare, is far more serious than frequent small losses. For exam-
ple, suppose a company uses trucks to deliver its products. In any year, the probability
of an accident that damages one of its trucks is relatively high, whereas the probability
of a death or injury liability claim is relatively low. However, the potential severity of
the liability loss is so much greater than potential damage losses that virtually all firms
consider their liability risk exposure to be greater than their collision risk exposure.

There are several approaches to measuring loss severity. Two of the most common
are (1) the maximum loss approach and (2) the average loss approach. The maximum
loss is the dollar loss associated with the worst-case scenario, while the average loss is 

1For one example, see C. Arthur Williams, Jr., Michael L. Smith, and Peter C. Young, Risk Management and Insurance (New
York: McGraw-Hill, 1998).



the average dollar loss associated with a particular peril, such as a plant fire, con-
sidering that a wide range of possible losses can occur.

To illustrate, Table 23E-1 contains a risk manager’s estimates for the probabilities
and dollar losses associated with a fire at a given plant. There is a 99 percent prob-
ability that no fire will occur and a 1 percent probability that there will be a fire. The
expected loss is only $5,650, but if a fire does occur, the damage could range from
$100,000 to $2,000,000. The company could easily afford the $5,650 annual
expected loss, but a large fire loss would put it out of business, and it would lose all
of its value as a going concern.

A fire insurance policy that fully protects against fire would cost $5,650 plus
administrative costs and insurance company profit. In this case, all risk of fire would
be transferred to the insurance company. However, the risk manager might decide
that the company could withstand losses of up to $1 million, hence that only the
risk of losses of $1 million or more should be transferred to an insurer. The proba-
bility of a loss of $1 million or more during a given year is 0.10% � 0.05% �
0.15%, and the expected loss to an insurance company which assumed that risk
would be $2,000. Therefore, the firm could buy a policy with a $1 million
deductible at a relatively low premium cost.2

Property Loss Exposures One of the first risks that comes to mind when
discussing corporate risk management is the risk of property losses. In general,
property is divided into two classes: (1) real property, which consists of land and
buildings, and (2) personal property, which is all property other than real property.
In a business setting, real property is the company’s land and buildings such as cor-
porate headquarters, plants, stores, and warehouses, while personal property
includes the company’s manufacturing equipment, vehicles, furniture and fixtures,
and inventories.

The perils most commonly associated with property losses are (1) physical per-
ils, which include such natural events as fires, floods, explosions, and windstorms;
(2) social perils, which are associated with the behavior of people and include theft,
strikes, vandalism, and embezzlement; and (3) economic perils, which stem from
external economic events, such as a competitor’s introduction of a new product
that significantly reduces the value of inventory.

2Although we have been dealing with discrete distributions here, loss probabilities could be specified by continuous dis-
tributions, hence Monte Carlo simulation could be a useful tool in the risk measurement process.
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Table 23E-1 Probabilities and Dollar Losses from a Fire

Probability 
of Occurrence Dollar Loss

99.00% $ 0

0.15 100,000

0.20 250,000

0.30 500,000

0.20 750,000

0.10 1,000,000

0.05 2,000,000

100.00% Expected loss � $ 5,650



Property losses are classified as direct or indirect. Direct losses occur when the
property itself is destroyed, damaged, or lost. Thus, the loss of a manufacturing
plant and its contents by fire is a direct loss. Indirect losses stem from direct loss;
the loss of profits during the time when fire damage is being repaired is an example.

To measure a firm’s potential exposure to property losses, the risk manager must
attach a value to the firm’s property. Property appraisers have developed several
standards of measurement for assigning property values. Here are the six most
common appraisal measurements:

1. Original cost. The original cost of property is merely the dollar cost at the
time of acquisition. In general, original cost is not a very good measure of an
asset’s true value, primarily because it does not consider the impact of factors
that affect value over time.

2. Book value. Book value is the original cost of the property less the accumu-
lated amount of accounting depreciation. Book value does consider the wear
and tear on an asset, at least as measured by accountants, but it does not con-
sider the impact of inflation, competition, or technological change.

3. Market value. The market value of an asset is the current value of the asset
as set by supply and demand conditions in the marketplace. Some assets, such
as vehicles, have an easily determined market value, but for assets such as a
manufacturing plant it may be virtually impossible to determine a market
value.

4. Tax appraisal value. Many types of property are appraised for tax purposes,
so this value is known for many corporate assets. However, tax appraisals
may not be current, and they are often set at less than true market value to
reduce valuation appeals.

5. Economic value. The economic value of an asset is the present value of the
cash flows it is expected to produce. For some assets, such as securities, the
economic value should be the same as the market value. For other assets,
such as a manufacturing plant, the economic and market values may differ
depending on who operates the plant, because different owners may be able
to create different cash flow streams due to varying management skills and
synergies. Also, some assets, such as office equipment, do not directly pro-
duce cash flow streams, and for them the economic value method is obvi-
ously inappropriate.

6. Replacement value. Replacement value is the cost to replace the property.
Because of inflation, the replacement values for many assets are considerably
higher than their book values, but in some cases technological or other devel-
opments make it possible to replace an asset at less than its book value.

In general, property loss exposures are managed either by retaining the risk or by
passing it to an insurer. Basic insurance can usually be purchased to cover losses
associated with fire, smoke, lightning, windstorm and hail, explosion, riot, and air-
craft and vehicle accidents. Because of the adverse selection problem associated with
flood insurance, this type of coverage can generally be obtained only through sub-
sidized government programs.3

In addition to basic coverage, additional coverage can usually be obtained to protect
against losses due to burglary and vandalism. Finally, coverage can be purchased that
offers protection against income loss and employee dishonesty. Needless to say, the
more risk that is passed on to the insurer, the higher the cost of the policy. One of the
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3Only those businesses that face high risk of floods would buy flood insurance. Further, because floods typically cause
widespread damage, the premiums charged by commercial insurers for flood insurance would be exorbitantly high.



biggest issues in risk management is to determine what risks should be retained by the
firm rather than passed on to insurers.

Liability Loss Exposures In addition to property loss exposure, businesses
also face exposure to liability losses. For our purposes, the term liability involves the
concept of a cost that can be imposed when a responsibility is not met. Companies
risk liability losses through five categories of exposure: (1) bailee exposure, (2) own-
ership exposure, (3) business operation exposure, (4) employee action exposure, and
(5) professional exposure.

In many business activities, a business takes possession of personal property owned
by a person or another business and performs some service pertaining to the property,
such as repair or storage, and then returns the property to the owner. In legal lan-
guage, such transactions are called bailments, and the business having temporary pos-
session of the property is called the bailee. Although the legal complexities associated
with bailment are too extensive to discuss here, it is obviously important for compa-
nies that act as bailees to fully understand the liability exposure that such arrange-
ments create.

Ownership of real and personal property brings with it significant liability expo-
sures. In essence, injuries that occur on a business’s real property and/or as a result
of its personal property can give rise to liability losses. Again, the legal specifics go
beyond the scope of this chapter, but risk managers must be familiar with the nature
of the potential liability that results from property ownership.

The liability exposure that arises from business operations is often the most crit-
ical exposure that firms face. First, businesses may be sued for creating a nuisance,
which is an activity that harms third parties. Much of what is now controlled by
environmental regulation was formerly considered as a nuisance. Thus, water and air
pollution, as well as noise pollution, may subject a firm to civil suits as well as to the
penalties specified in our environmental protection laws.

Another potential liability exposure is patent and copyright infringement. Here,
firms violate invention or creative work protection laws, hence wrongfully use the
works of others. Suits of this nature, if won, tend to have very large settlements, so
they can constitute large risks for some firms. For example, Apple Computer sued
Microsoft Corporation for $5.5 billion for copyright infringement. Apple argued
that Microsoft’s Windows software illegally duplicated the “look and feel” inherent
in the screen images (icons) that helped make Apple’s Macintosh computer successful.
“I’ll move to Canada if Apple wins,” said Steve Ballmer, one of Microsoft’s vice pres-
idents. However, the move was not necessary, because the court dismissed Apple’s
claim, ruling that the general appearance of a program is not protected by copyright
law. On the day following the ruling, Microsoft’s shares surged 117⁄8 to 1287⁄8, a sign
that the potential liability was clearly worrying investors.

A firm that uses unfair trade practices also creates the potential for large liability
exposures. In fact, treble damages can be assessed in such suits, which can present
a serious financial threat to just about any firm.

Firms also face potential liability problems from defects in the goods and services
they provide. Such risk exposure is called product liability. Auto manufacturers have
lost millions of dollars in suits related to faulty design and construction. For exam-
ple, Audi faced hundreds of lawsuits related to “sudden acceleration” problems, and
other automakers lost millions of dollars on lawsuits connected with faulty gas tanks.
Similarly, four firms associated with producing breast implants were forced to estab-
lish a $4.5 billion fund to settle class action lawsuits related to implant injuries. Of
course, the exposure to such liability varies a great deal depending on the type of
product or service sold. Because of inflation and the generous temperament of many
juries, product liability exposures have become increasingly important in recent
years. Thus, every risk manager has to constantly monitor his or her firm’s product
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liability exposure, for it can have negative effects both through damage judgments
and through sales lost due to bad publicity.

To illustrate the difficulties encountered in identifying potential risks, consider the
situation faced by Keene Corporation, once an NYSE company and a leading man-
ufacturer of heat-absorbing composite materials used in a variety of aerospace,
defense, and commercial applications. In 1968, Keene acquired for $8 million a small
manufacturer of insulation products which, to conform to customers’ specifications
at the time, contained asbestos. Keene stopped production of these products in 1972
and closed the company down in 1976—losing its entire investment. Unfortunately
for Keene, this did not mark the end of the saga. Laws passed after the insulation
business was closed, and enforced retroactively, forced Keene and its insurers to
spend more than $500 million on asbestos litigation, and these charges eventually
forced the company into bankruptcy. In total, Keene lost more than a half-billion dol-
lars and ended up bankrupt because it made the mistake of acquiring a company—
which it bought 20 years earlier for $8 million—with a product liability exposure.

Another type of liability involves improper actions by employees, such as sexual
harassment. For example, in 1994 the world’s largest law firm, Baker & McKenzie,
was hit with $6.9 million in punitive damages in a sexual harassment suit brought
by a former secretary in the firm. Punitive damages, which generally are not covered
by insurance, are meant to deter and punish wrongdoing. In this instance, the firm
was punished for not doing enough to prevent sexual harassment by a senior part-
ner who brought in a lot of revenue and also for not taking appropriate action after
the sexual harassment had been reported. The jury’s award was nearly twice the
$3.7 million in punitive damages sought by the secretary’s lawyers, which amounted
to about 10 percent of the law firm’s net worth.

The final type of liability exposure applies to professionals such as doctors,
lawyers, accountants, and architects. In general, businesses that provide services
requiring advanced training and licensing are exposed to professional liability. There
has been a dramatic increase in the number of malpractice lawsuits in recent years
and in the dollar amounts of the judgments. Professional liability losses can be espe-
cially damaging because they affect both the firm’s cash and its reputation. As with
property loss exposures, the usual approach for handling liability exposures is either
to self-insure or to pass the risk to an insurer. Liability insurance, including profes-
sional liability, can be purchased, but it is often difficult for insurers to adequately
pool the risks involved. For example, liability losses among some physicians in
southern Florida became so great in 2002 that malpractice premiums, which are
based on location, rose above $200,000 a year. Many physicians were unable to
afford such premiums, so they either retired or left to practice elsewhere. Hospitals
face a similar problem, and to deal with it, many states require hospitals to join
insurance pools for malpractice protection.

For all types of liability coverage, deductibles are common, whereby the business
has to pay some part of the award, say, $100,000, with the insurer covering the
remainder.

Bond Portfolio Immunization
In our discussion of bond valuation in Chapter 6, we discussed interest rate and
reinvestment rate risk. Interest rate (price) risk is the risk that the price of a debt
security will fall as a result of increases in interest rates, and reinvestment rate risk
is the risk of earning a return less than expected when debt principal or interest pay-
ments are reinvested at rates less than the original yield to maturity.

To illustrate how to reduce interest rate and reinvestment rate risks, we will con-
sider a firm which is obligated to pay a worker a lump sum retirement benefit of
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$10,000 at the end of ten years.4 Assume that the yield curve is horizontal, the cur-
rent interest rate on all Treasury securities is 9 percent, and the type of security used
to fund the retirement benefit is Treasury bonds. The present value of $10,000, dis-
counted back ten years at 9 percent, is $10,000(0.4224) � $4,224. Therefore, the
firm could invest $4,224 in Treasury bonds and expect to be able to meet its obli-
gation ten years hence.

Suppose, however, interest rates change from the current 9 percent rate immedi-
ately after the firm has bought the Treasury bonds. How would this affect the situ-
ation? The answer is, “It all depends.” If rates fall, then the value of the bonds in
the portfolio will rise, but this benefit will be offset to a greater or lesser degree by
a decline in the rate at which the coupon payment of 0.09($4,224) � $380.16 can
be reinvested. The reverse would hold if interest rates rise above 9 percent. Here are
some examples (for simplicity, we assume annual coupons):

1. The firm buys $4,224 of 9 percent, 10-year maturity bonds; rates fall to 7
percent immediately after the purchase and remain at that level:

Future value of
Portfolio value at

�
10 interest payments

�
Maturity

the end of 10 years of $380.16 each value
compounded at 7%

� $5,252 � $4,224 � $9,476.

Therefore, the firm cannot meet its $10,000 obligation, and it must con-
tribute additional funds.

2. The firm buys $4,224 of 9 percent, 40-year bonds; rates fall to 7 percent
immediately after the purchase and remain at that level:

Portfolio value at  
� $5,252 �

Value of 30-year, 9% bonds
the end of 10 years when rd � 7%

� $5,252 � $5,272 � $10,524.

In this situation, the firm has excess capital at the end of the ten-year period.
3. The firm buys $4,224 of 9 percent, 10-year bonds; rates rise to 12 percent

immediately after the purchase and remain at that level:

Future value of
Portfolio value at

�
10 interest payments

�
Maturity

the end of 10 years of $380.16 each value
compounded at 12%

� $6,671 � $4,224 � $10,895.

This situation also produces a funding surplus.
4. The firm buys $4,224 of 9 percent, 40-year bonds; rates rise to 12 percent

immediately after the purchase and remain at that level:

Portfolio value at  
� $6,671 �

Value of 30-year, 9% bonds
the end of 10 years when rd � 12%

� $6,671 � $3,203 � $9,874.

This time, a shortfall occurs.
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Here are some generalizations drawn from the examples:

1. If interest rates fall, and the portfolio is invested in relatively short-term
bonds, then the reinvestment rate penalty exceeds the capital gains, so a net
shortfall occurs. However, if the portfolio had been invested in relatively
long-term bonds, a drop in rates would produce capital gains that would
more than offset the shortfall caused by low reinvestment rates.

2. If interest rates rise, and the portfolio is invested in relatively short-term
bonds, then gains from high reinvestment rates will more than offset capital
losses, and the final portfolio value will exceed the required amount. How-
ever, if the portfolio had been invested in long-term bonds, then capital losses
would more than offset reinvestment gains, and a net shortfall would result.

If a company has many cash obligations expected in the future, the complexity of
estimating the effects of interest rate changes is obviously expanded. Still, methods
have been devised to help deal with the risks associated with changing interest rates.
Several methods are discussed in the following sections.

Zero Coupon Bonds and Stripped Treasuries We discussed zero coupon
bonds in Chapter 19, where we indicated that they were devised to eliminate rein-
vestment rate risk. In our example of a firm needing $10,000 in ten years, the pur-
chase of a ten-year zero coupon bond would eliminate all risks associated with
changes in interest rates. The firm would, in our example, simply purchase a zero
coupon bond that promised to pay $10,000 in ten years.

Immunization Bond portfolios can be immunized against interest rate and rein-
vestment rate risk, much as people can be immunized against flu. In brief, immu-
nization involves selecting bonds with coupons and maturities such that the benefits
or losses from changes in reinvestment rates are exactly offset by losses or gains in the
prices of the bonds. In other words, if a bond’s reinvestment rate risk exactly matches
its interest rate price risk, then the bond is immunized against the adverse effects of
changes in interest rates.

To see what’s involved, refer back to our example of a firm that buys $4,224 of
9 percent Treasury bonds to meet a $10,000 obligation 10 years hence. In the exam-
ple, we see that if the firm buys bonds with a 10-year maturity and interest rates
remain constant, then the obligation can be met exactly. However, if interest rates
fall from 9 percent to 7 percent, a shortfall will occur because the coupons received
will be reinvested at a rate of 7 percent rather than the 9 percent reinvestment rate
required to reach the $10,000 target. But, suppose the firm had bought 40-year rather
than 10-year bonds. A decline in interest rates would still have the same effect on
the compounded coupon payments, but now the firm would hold 9 percent coupon,
30-year bonds in a 7 percent market 10 years hence, so the bonds would have a
value greater than par. In this case, the bonds would have risen by more than enough
to offset the shortfall in compounded interest. Bonds with a maturity somewhere
between 10 and 40 years would result in a breakeven situation in which the rein-
vestment shortfall was exactly offset by capital gains.

Duration The key to immunizing a portfolio is to buy bonds that have a dura-
tion equal to the years until the funds will be needed. Duration cannot be defined in
simple terms like maturity, but it can be thought of as the weighted average matu-
rity of all the cash flows (coupon payments plus maturity value) provided by a bond,
and it is exceptionally useful to help manage the risk inherent in a bond portfolio.
The duration formula and an example of the calculation are provided below, but
first we present some additional points about duration:
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1. Duration is to a bond what payback is to a capital budgeting project, because
the longer the duration, the longer funds are tied up in the bond.

2. To immunize a bond portfolio, buy bonds that have a duration equal to the
number of years until the funds will be needed. In our example, the firm
should buy bonds with a duration of ten years.

3. A corporate treasurer (or any other investor) who is terribly concerned about
declines in the market value of his or her portfolio should buy bonds with
low durations. (This is important even if the investor buys a bond mutual
fund.) The percentage change in the value of a bond (or bond portfolio) will
be approximately equal to the bond’s duration times the percentage point
change in interest rates. Therefore, a 2 percentage point increase in interest
rates will lower the value of a bond with a 10-year duration by about 20 per-
cent, but the value of a 5-year duration bond will fall by only 10 percent. So,
twice the duration, twice the volatility.

4. The duration of a zero coupon bond is equal to its maturity, but the duration
of any coupon bond is less than its maturity. (Remember, the duration is a
weighted average age maturity of the cash flows, the only cash flow from a
zero occurs at maturity, and coupon bonds have cash flows prior to maturity.)
Further, the higher the coupon rate, the shorter the duration, other things held
constant, because a high-coupon bond provides significant early cash flows
even if it has a long maturity.

Duration is calculated using this formula:

Here n is the bond’s years to maturity, t is the year each cash flow occurs, and PVCFt
is the present value of the cash flow at Year t discounted at the current rate of inter-
est. Note that the denominator of the equation is the PV of the cash flows, which is
the current market value of the bond.

To illustrate the duration calculation, consider a 20-year, 9 percent annual coupon
bond bought at its par value of $1,000. It provides cash flows of $90 per year for 
19 years, and $1,090 in the 20th year. To calculate duration, we used a spreadsheet
set up as follows:

PVCF/Value �
t CF PVCF (9%) PVCF/$1,000 t(PVCF/Value)

(1) (2) (3) (4) (5)

1 $ 90 $ 82.57 0.08257 0.08257

2 90 75.75 0.07575 0.15150

� � � � �

� � � � �

� � � � �

19 90 17.50 0.01750 0.33258

20 1,090 194.49 0.19449 3.88979

Value � $1,000.00 Duration � 9.95011

Column 1 gives the year each cash flow occurs, Column 2 gives the cash flows,
Column 3 shows the PV of each cash flow, Column 4 shows the percentage of each
PV cash flow to the total PV of cash flows, and Column 5 multiplies each year by

Duration � a
n

t�1
 

t(PVCFt)

a
n

t�1
 PVCFt

� a
n

t�1
 
t(PVCFt)

Value
.
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its percentage of the PV of total cash flows. The sum of the weighted percentages is
the bond’s duration.

Since a 20-year bond’s 9.95 duration is close to that of our illustrative firm’s 10-
year liability, if the firm bought a portfolio of 20-year bonds and then reinvested the
coupons as they came in, the accumulated interest payments, plus the value of the
bond after ten years, would be close to $10,000 irrespective of whether interest rates
rose, fell, or remained constant at 9 percent.

Unfortunately, other complications arise. Our simple example looked at a single
interest rate change that occurred immediately after funding. In reality, interest rates
change every day, which causes bonds’ durations to change, and this, in turn,
requires that bond portfolios be rebalanced periodically to remain immunized. Still,
this can be done, and computer programs are available to assist in the rebalancing
process.
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