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Abstract 
Asset/liability management (ALM) theory and prac- 

tices of insurers have matured and developed from early 
applications to guaranteed investment contracts (GICs) 
to all annuity and insurance products today. An impor- 
tant and logical next step of inquiry is the definition of, 
and calculation procedures for, the market value of an 
insurance liability. Because all ALM strategies have as 
their goal the management of some value of assets in 
relation to some value of liabilities, this inquiry will 
provide at last a canonical basis for ALM: the manage- 
ment of relative market values. 

To set the stage for this exploration, the theory and 
application of pricing in a complete market are 
reviewed, as are the practical limitations of this theory 
in the real, and far from complete, financial markets. 
The notion of an ad hoc pricing model is developed, 
and examples are reviewed and critiqued. These mod- 
els, though imperfect compared with pricing in a com- 
plete market, bridge the gap between pricing theory and 
practice. 

The current state of the liabilities market is also dis- 
cussed, and this market is seen to naturally split into a 
"long" and a "short" submarket. Of particular interest is 
the theoretical possibility of these markets becoming 
broad-based, deep and active, and the conclusions are 
relevant to the issue of longshort price equalization. 

Two paradigms are then explored for defining and 
subsequently calculating an insurance liability market 
value. A "paradigm" is a generalized model or frame- 
work for accomplishing the task at hand. Each para- 
digm reflects observable market trading activity, 
however infrequent, and each is based on methods of 

valuation consistent with finance-theoretic approaches 
that are routinely used for the market value.tion of 
assets. 

In addition, each paradigm allows for a sequence of 
ad hoc valuation methodologies, which differ in the 
extent to which various risks are explicitly modeled 
versus judgmentally reflected in a risk spread. These 
paradigms are discussed and contrasted, and arguments 
made for the potential evolution of the respective values 
if a "liability" market began trading actively. Practical 
constraints on the realization of this evolution are also 
noted. 

The last section of this paper discusses a host of con- 
siderations related to the application of option-pricing 
theory to insurance company liabilities. 

1. Introduction 
The "market" value of liabilities (MVL) refers to the 

market value of liabilities as it might be defined and cal- 
culated if a deep and active market truly existed. 
Although this market does not exist in the real sense, 
that is, related trades are sparse and the market is very 
thin, this in no way' precludes the theoretical explora- 
tion of market value pricing in a hypothetical active 
market. 

After all, the financial, markets repeatedly introduce 
new products, and both buyers and sellers are able to 
develop sensible approaches to their theoretical "mar- 
ket" prices, which in turn form the foundations for trad- 
ing activities and, ultimately, real market prices. 

The market is oftentimes able to evaluate new prod- 
ucts in a rational manner because of the so-called "law 
of one price." Specifically, this law applies to pairs or 
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groups of financial instruments that behave identically 
in all future states of the market, and it asserts that they 
must be priced identically today. Otherwise, market 
participants would recognize the "arbitrage" opportu- 
nity, buying the "cheap" instrument and selling the 
"dear," and book an immediate profit with no future 
risk. Consequently, while departures from this law can 
occur, the market activities of arbitrageurs put upside 
pressure on the price of the cheap contract through buy- 
ing, and downside pressure on the dear contract through 
selling, until the prices stabilize to market equilibrium 
prices. In practice, these prices do not converge exactly, 
but only to within a margin reflective of trading costs. 
At this point, arbitrage is stopped and so too is price 
convergence. 

As an example, a European option on a stock can be 
priced in theory by using the law of one price because a 
stock option can be "replicated" by a dynamically man- 
aged portfolio of stock and risk-free bonds. Replicated 
means that the portfolio and option behave identically 
in all future states. Consequently, the price of the stodk 
option is theoretically equal to the known price of the 
replicating portfolio. Black-Scholes (1973) and Cox- 
Ross-Rubinstein (1979) were the seminal papers for the 
continuous time and the discrete time developments of 
this notion, respectively. 

While formally relating to identical contracts, this 
law can easily be applied to the pricing of "similar" 
contracts. That is, if two financial instruments behave 
similarly in all future states of the market, they must be 
priced similarly today. Also, the more similar is the 
behavior in these future states, the more similar are the 
current prices. For example, if in every future state the 
payoff on security B is in between the payoffs of securi- 
ties A and C, it must be the case that the prices of the 
securities satisfy: pA<_pB<_pC. If not, market participants 
would put pressure on the unacceptably disparate prices 
through an obvious arbitrage until the expected order- 
ing of prices resulted. In addition, if the differences 
between the B and A state dependent payoffs were dou- 
ble the differences between the C and B payoffs, it must 
also be the case that pS--pA=2(pC--pB). Otherwise, a 
risk-free arbitrage is again possible. 

As an example, consider private placements. In gen- 
eral, private placement pricing follows public bond 
pricing in a way that reflects their similarities--matu- 
rity, quality, and embedded options--and their differ- 
ences--protective covenants and liquidity. While 
private placements are relatively easy to sell, the com- 
parative thinness of the market makes such sales subject 
to higher bidask spreads to compensate the investment 

banker for either inventorying the bond or facilitating 
its sale to a third party. This extra cost, which results in 
a smaller expected sales payoff in any future state, is in 
theory built into the initial price. 

Further, public bonds with thinner markets tend to 
trade at prices nearer to those of private placements of 
the same quality, maturity, and optionality. Private 
placements, which are issued under Section 144a of the 
SEC regulations and are correspondingly more liquid 
than traditional private placements, trade at prices 
closer to those of comparable public bonds. 

On the other hand, private placements often have 
protective covenants that provide value vis-a-vis the 
corresponding public issue by enhancing the workout 
payoffs in any future default state. Once again, this 
value is in theory reflected in the price. 

In summary, where there is financial market activity, 
there are applications of the law of one price. It forms 
the basis on which the market evaluates new products, 
perhaps by first decomposing tliem into simpler more 
identifiable parts, and it is also the basis by which, 
through active trading, the market maintains a disci- 
pline on the relative valuation of all products. 

Consequently, while there is currently no active mar- 
ket for the trading of insurance company liabilities, this 
does not preclude the estimation of the market values 
that would in theory exist in an actively traded market. 
The market has already developed the necessary tools 
and discipline to accommodate similar situations on 
numerous previous occasions. 

For a development of a measurement theory of inte- 
gration between two markets, see Chen and Knez 
(1995). For a market valuation analysis of the property- 
liability insurance industry, see Babbel and Staking 
(1995). For more discussion and detail on the imple- 
mentation of the methodologies defined below, see 
Becker (1993) and the American Academy of Actuaries 
Task Force Report, "Fair Valuation of Life Insurance 
Company Liabilities," dated October 30, 1995. 

2. Pricing Theory and Practice 
The law of one price is perhaps the fundamental 

insight of financial pricing theory. This section 
addresses the issue of how this "law" can be used in 
pricing practice. For example, suppose that security A is 
identical to security B in terms of all future payoffs in 
all future states except that it pays an extra $1 at time 5 
for certain. Clearly, the price of A must exceed that of 
B, otherwise an arbitrage is possible: buy A, sell B, and 
for no cost (or a profit) obtain a free $1 at time 5. But in 
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practice we need to know more. We need to know how 
much the price of A should exceed the price of B. 

The logical answer to this question is that this excess 
must equal the cost of a security C that pays a certain $1 
at time 5. However, not all such securities need exist. 
For example, rather than provide a certain extra pay- 
ment, security A might pay only the extra $1 in one or a 
fixed number of states of the world at time 5, and not 
otherwise. For the law of one price to provide the prices 
of all securities in practice, the market must contain 
many traded securities. Specifically, for any given 
future state, a security is needed that pays $1 in that 
state and $0 in all other states. Such a security is called 
an Arrow-Debreu security, and such a market a com- 
plete market. In theory, a complete market does not 
actually have to trade all Arrow-Debreu securities, but 
all such securities either are traded or can be replicated 
by other traded securities. 

More formally, we can in theory parametrize all 
future states by the pair (t, X), where t denotes time, 
and the vector X=(X I, X 2 . . . . .  Xn) has as components 
the factors that collectively define all future states of the 
world. In general, X evolves with time, X-X,,  reflect- 
ing an evolution model of an information structure, but 
this dependency is notationally suppressed below. For 
example, the first several components of X might reflect 
yields of "on the run" Treasury securities, while others 
might reflect various nations' GDPs and CPIs, the value 
of the S&P 500 and other stock market indexes, the vol- 
atilities of various markets, foreign currency exchange 
rates, and so on. Each component Xj can assume a range 
of numerical values defined by an interval Ij, which can 
be taken to be bounded. Consequently, X has values in 
the product space l=®Ij. For each X0e I and time to, an 
Arrow-Debreu security has payoff function C(t, X), so 
that C(t 0, X0)=l, and C(t, X)=0, otherwise. 

In complete markets, pricing theory and practice 
converge. Every security can be decomposed into, that 
is, "replicated" by, a sum of Arrow-Debreu securities, 
which in turn either are traded or can be replicated by 
other traded securities. By the law of one price, each 
such security must in turn be priced to equal the "sum" 
of its component prices; otherwise an arbitrage will cor- 
rect the mispricing. Of course, in order for such a 
"sum" to make sense, it is sufficient to assume that I 
only contains a finite number of states and the time 
interval only a finite number of discrete times. How- 
ever, the finiteness in the number of time-states is not as 
restrictive as it first appears. 

For example, it seems reasonable to assume that there 
is an N so that the market cannot distinguish between two 
Arrow-Debreu securities with payoff states X and X' at 
times t and t' so that ](t, X) - (t', X') ]<10 -~ for any rea- 
sonable definition of norm, I(t, X) 1. Consequently, the 
finiteness of the number of future time-states follows 
from this, the finiteness of the number factors, the bound- 
edness of the Ij, and the boundedness of the time interval 
for all securities except perpetuities. 

Unfortunately, financial markets are far from com- 
plete because of the complexity of the necessary state 
space and the relative scarcity of traded securities. 
However, some "submarkets" are nearly complete, for 
example, the U.S. Treasury market. Because this market 
is in theory risk-free in U.S. currency, prices of option- 
free Arrow-Debreu securities are independent of the 
value of X and depend only on t. Since Treasury securi- 
ties trade at virtually all maturities in monthly or quar- 
terly step sizes and most are option-free, in theory 
option-free Arrow-Debreu securities can be created by 
mixing long and short positions of coupon-bearing 
securities. The amount of each security needed can be 
derived by solving a linear system of equations. In prac-. 
rice, these securities trade under the name Treasury 
strips or Treasury zeros. Each pays one U.S. dollar 
amount at a fixed time in all states, and $0 otherwise. 

Because Treasury security prices are independent of 
X and reflect only t, there is a natural one-to-one corre- 
spondence between the collection of prices, P(t), and a 
collection of "implied spot yields," i,, which provide the 
necessary discounting when defined by P(t)-exp(-ti,).  
This correspondence makes the pricing of both risk-free 
and certain cash flows easy. Given any coll.ection of 
such flows {c,}, one can in theory use the prices of 
Treasury strips, as required by the law of one price, or 
the associated Treasury spot rates to calculate price: 

P = ~,ciP(t) = gc,  exp (-ti,). 

In practice, supply/demand pressures and investor 
tax effects prevent the prices of Treasury securities 
from exactly satisfying this identity in terms of Trea- 
sury strip prices even to within trading costs, so the 
market is only "nearly" complete. Similarly, the securi- 
ties issued by many foreign governments are risk-free 
in local currency, and the respective markets nearly 
complete. 

While the financial ma/ket overall is not complete, 
the law of one price has practical value for numerous 
applications in which a given traded security can be 
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"replicated" by a collection of other traded securities. 
For example, a European call or put option on a stock 
can be replicated by the underlying stock and a risk-free 
bond; risk-free bonds with embedded options can also 
be replicated by long and short option-free and risk-free 
bonds; a European put option on a stock can be repli- 
cated by a European call option, a short position in the 
stock, and a risk-free bond (this is known as put-call 
parity); a Treasury security can be replicated by a Cana- 
dian government bond and a series of foreign currency 
swaps, and so on. Consequently, even though Arrow- 
Debreu securities do not in general exist, in many cases 
they are not needed. Prices in practice must equal the 
theoretical prediction of the law of one price as long as 
the respective securities can be replicated by traded 
securities. 

Unfortunately, many securities also exist that cannot 
be replicated by traded securities. The simplest example 
is a fixed bond issued by a corporation. Unlike a risk- 
free bond with cash flows that depend on time only, a 
corporate bond's cash flows also depend on the com- 
pany's financial health. Corporate bonds with embed- 
ded options are also problematic. More difficult yet are 
insurance company liability payments, which, like cor- 
porate bond payments, are made subject to an insurer's 
financial health but, unlike bonds, often depend on con- 
tingencies related to a third-party's mortality, morbidity, 
or other event risk. 

Perhaps the most complicated example of security 
pricing relative to the law of one price is the equity of a 
corporation or, more generally, the purchase price of its 
distributable earnings. Like the corporate bond, future 
cash flows (here earnings) also depend on the health of 
the corporation, but unlike the bond, even in times of 
strength earnings can vary materially in different future 
states of the world. 

For such valuations, practical ad hoc approaches 
have been developed. Unlike the Treasury bond market 
in which fixed bond prices can be reasonably calculated 
based on either the prices of zeros or by valuations on 
the Treasury spot rate curve, for these more compli- 
cated valuations no such one-to-one correspondence 
exists between the current market price and a practical 
mechanism for translating promised or expected future 
payments to that market price. Any ad hoc approach 
represents a stylistic blend of "market judgment"--the 
model sensibly reflects the nature and extent of the 
uncertainties in future cash flows--and "market fi t"-- 

when applied to observable market securities the model 
reasonably reproduces actual prices. 

For example, the law of one price demands that a 
corporate bond sell at a discount relative to its risk-free 
valuation price: ]~c, exp(-tit), since otherwise an arbi- 
trage with the Treasury strip market is possible. Once 
sorted into default risk (that is, ratings) classes, these 
discounts tend to display two patterns: 
• For a given risk class the discount increases with bond 

maturity 
• For a given maturity the discount increases as default 

risk increases. 
The first observation suggests that the above dis- 

counted-cash-flow model should be modified by mul- 
tiplying the resulting price by a discount factor, say 
exp(-ns,), where n reflects the bond's maturity. How- 
ever, since the early cash flows of two similarly rated 
bonds are presumably equally risky, they should be 
priced independently of the bond's final maturities. 
Consequently, a better pricing model is one that dis- 
counts each cash flow separately by exp(-ts,), which is 
equivalent to simply increasing the risk-free rates, it, by 
the "spread," s,. Such inferred spreads are then seen to 
have a "term structure"; that is, s, tends to increase with 
t. Also, reflecting the second observation above, these 
term structures increase as default risk increases. 

Besides fitting traded prices well, this ad hoc spread- 
pricing model also satisfies the market judgment crite- 
rion above. Specifically, ignoring unanticipated shifts in 
either the term structure of i t or s t, that is, assuming that 
the combined term structure moves into its forward 
structure with time, a corporate bondholder earns an 
excess return vis-a-vis a Treasury bondholder, at a level 
reflective of the spread, in any year in which the corpo- 
rate bond does not default. That this should occur seems 
logical because corporate bondholders inevitably face 
default losses, which dilute some of these excess 
returns. Empirically, these excess returns exceed losses 
on average for a well-diversified portfolio, and this too 
seems logical because investors should be compensated 
for the risk of the year-to-year volatility of loss experi- 
ence. 

An alternative ad hoc model for corporate bond pric- 
ing is one that explicitly recognizes the dependence of 
future cash flows on the event of default and the proba- 
bilities of default in each year. This is the "mortality" 
model, so named because of the obvious analogy with 
the pricing of life insurance. The problem with this 
approach is that while historical probabilities can be 
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calculated, they cannot be translated into price without 
an explicit assumption about the market's utility func- 
tion, that is, the market's mechanism for charging for 
risk. That the market indeed charges for risk--is risk 
averse---is apparent because corporate debt also trades 
at a discount to the risk-free value of "expected" cash 
flows using any historically reasonable prediction of 
defaults. 

Besides corporate default, "spreads" are also used as 
the ad hoc explanatory variable for a host of other risks. 
For example, because an illiquid bond of a given quality 
often sells at a discount relative to the price implied by 
the spreads for comparable quality liquid bonds, a 
"liquidity spread" is inferred. Again, this model fits 
prices well and has the intuitive justification of "extra 
return for extra risk" until the loss associated with 
liquidity is incurred. Embedded options also are often 
quantified in terms of spreads. For example, the price of 
the callable bond is seen to equal the discounted value 
of fixed cash flows with an extra spread for optionality. 
For bonds with long embedded put options, this spread 
is negative. 

Virtually any risk can be so quantified, even compli- 
cated risks such as those encountered with the valuation 
of corporate earnings. For example, given a corpora- 
tion's current equity value and virtually any projection 
of earnings, there is obviously some risk spread that can 
be inferred. Equally obvious, the larger the spread, the 
smaller the current value of projected cash flows, so 
"spread" is at least a correlated proxy for risk. The 
question is not whether such a spread can be calculated, 
but rather whether such a spread is useful for the rela- 
tive valuation of "similarly" uncertain cash flows. 

More generally, the problem of pricing in practice is 
not one of model calibration, that is, the mapping of 
actual market prices to assumed pricing models in order 
to reproduce observable values, but one of "market pre- 
diction;' that is, whether such a calibrated model can 
then predict the price at which the market trades a new 
security that appears comparable. 

In the following sections, the spread valuation model 
is often referenced as the ad hoe methodology for valu- 
ing many uncertainties in cash flows. Because of the 
incompleteness of the markets, some approach is 
needed so that information contained in the prices of 
traded securities can be Iransferred to the pricing of 
securities that are neither actively traded nor can in gen- 
eral be replicated by actively traded securities. In a 
sense, these valuation models serve the purpose of 

approximately "completing" an otherwise incomplete 
market. Rather than replicating a given security by 
traded securities, which may be impossible, we instead 
attempt to replicate the market's mechanisms for gener- 
ating the observable prices of traded securities and 
apply these assumed mechanisms to the valuation of the 
security in hand. 

While providing a useful relative valuation tool, the 
spread valuation model is not without its shortcomings. 
In general, spreads are not additive, so, for example, the 
option spread for a given optionality structure depends 
on the quality of the bond. As another example, while 
quality and liquidity spreads are relatively stable across 
asset classes, minor differences in an optionality struc- 
ture can vary the inferred spread materially. 

Fortunately, the price'effect of embedded options can 
usually be valued directly, if only approximately, 
through option-pricing methodologies by making an ad 
hoc spread adjustment to the yield structure for credit 
risk. Consequently, although an implied spread for any 
option can always be deduced from price, one does not 
need to predict that this spread will be similar to that of 
a "comparable security?' In this case, predictions can be 
replaced by calculations. 

As a final caveat on the spread valuation model, any 
observable market price for a stream of uncertain cash 
flows reflects the market's risk-adjusted distillation of 
all future cash-flow streams in all future states of the 
world. That such a risk distillation can be further dis- 
tilled to spreads that are usable for pricing "compara- 
ble" securities cannot be assumed in theory and should 
not be assumed in practice without substantial market 
testing and validation. 

For a far more complete analysis of pricing theory in 
the financial markets see Duffle (1988, 1992), Geanako- 
plos (1992), Huang and Litzenberger (1988), and Mar- 
tin, Cox, and MacMinn (1988). 

3. Other Considerations in the 
Market Valuation of Liabilities: 
The "Long" and the "Short" 

An insurance company liability represents a financial 
contract between the insurer (the issuer) and a second 
party (the owner) to pay certain amounts based on cer- 
tain contingencies typically related to a third party (the 
insured). When attempting to define the market value of 
such a liability, we must consider whether this market 
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value should be the same for the short position (the 
issuer) as for the long (the owner). 

In the asset markets, traded securities like bonds rep- 
resent long interests in a company's future cash flows, 
and it is these positions that are typically actively 
traded. Market participants can take long or short posi- 
tions in such securities, purchasing the rights to these 
cash flows or incurring the liability to replace the value 
of these cash flows to the original owner in the future, 
respectively. Issuing companies that are originally in a 
short position for these contracts can effectively offset 
these obligations, that is, sell their short position and 
deleverage the company, by repurchasing their securi- 
ties in the open market. In general, except in the case of 
a corporate merger or acquisition, one company does 
not offset its short position by "trading" its obligations 
to another company. 

In the insurance liability "market" are examples of 
the trading of both long and short positions. The pri- 
mary example of long market activity is the secondary 
GIC market, whereby a "stable value" fund manager 
sells the proceeds from a GIC to an independent third 
party. Here, the third party is purchasing the GIC 
issuer's cash flows for a given price. This transaction is 
effectively identical to the purchase of a corporate 
bond. However, because this market is relatively thin, 
only long positions are currently traded; that is, no 
reports have yet been made of investors selling a given 
insurer's GICs short. 

The primary example of short market activity is the 
sale of a block of liabilities from one insurer to another. 
In this case, the buyer receives the price from the seller 
in cash or assets as compensation for assuming the 
responsibility of making cash-flow payments to con- 
tract-owners under the conditions of the given policies. 
Because there is not an active long market for insurers' 
liabilities other than GICs, an insurer has no way cur- 
rently to offset most liabilities through open market 
repurchases. Consequently, short-market activities pro- 
vide the only facility for an insurer to deleverage its bal- 
ance sheet. 

Because the goal of this paper is to explore two para- 
digrns for the market value of a liability as it might be 
defined and calculated if an active market truly existed, 
we next consider to what extent long and short active 
markets can truly exist. 

For short-market activities, while the market is still 
thin by asset market standards, virtually every type of 
contract has traded through block sales, corporate 
acquisitions, or mergers. As the level and pace of this 

activity increase, there do not appear to be any material 
obstacles to the development of a relatively deep and 
active short market. 

On the other hand, the long-market activity of sec- 
ondary market GICs, which could well develop into a 
deep and active market if insurer downgrades acceler- 
ate, appears to have no chance of expansion to the 
majority of other insurance company liabilities. That is, 
we cannot expect most liabilities to ever trade like 
bonds in an open market. Secondary market GICs are 
an exception because they represent simple financial 
contractual obligations between the insurer (the issuer) 
and buyer (the owner), which are virtually identical to a 
typical debt instrument. 

Analogously, we can imagine similar markets in sin- 
gle- and flexible-premium deferred annuity (SPDA/ 
FPDA) contracts and "market-value adjusted" (MVA) 
annuities, which are much like bonds or GICs. These 
contracts are complicated somewhat by the existence of 
an annuitization option, which involves the survivorship 
of one or more third parties to whom life payments are 
defined. However, other than the administrative compli- 
cations for the issuer in making payments to the inves- 
tor during the lifetime of an independent third party and 
possible regulatory restrictions, there does not appear to 
be any obstacle to the eventual evolution of an open 
market whereby annuity owners sell future proceeds to 
investors. Indeed, the market for insurance company 
fixed annuities associated with state lotteries is already 
well-developed. 

For most other insurance liabilities, the implications 
of third parties identified in the contracts are very sig- 
nificant and financially material. For life insurance con- 
tracts, insurable interest between the owner and insured 
"third party" is required by state statutes and prudent 
for the issuer and insured in any case to avoid moral 
hazard. Similar arguments can be made for disability, 
health, and casualty contracts, whereby it is in the 
issuer's financial interest that the owner and recipient of 
benefits have an insurable interest in that which is 
insured. 

While trusts have been used to facilitate the sale of 
life insurance benefits on individuals with AIDS, where 
proceeds have been used for medical care, this market 
is more akin to a secured financing market than a true 
long market in life insurance liabilities. 

Consequently, while it is interesting to muse over the 
likely evolution of market pricings if long'positions in 
all insurance liabilities were actively traded in an open 
market, the issuer's need for owners to have an insurable 
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interest in the persons or objects insured precludes most 
insurance liabilities from ever achieving such a trading 
status. 

Therefore, the market value of liabilities "as it might 
be defined and calculated if a deep and active market 
truly existed" must therefore refer to the value that 
would be observed in an active and deep market of 
short position trading. In particular, this value is the 
subject of this paper. 

In the asset markets, the market value of a long posi- 
tion should equal that of a short position within trading 
expenses (that is, bid/ask), and market activities abound 
to reinforce this view. For the special cases of GICs and 
annuity contracts, which could in theory trade both as 
short positions or like bonds as long positions, price 
equality could occur or not. 

State guarantee funds provide value to owners of 
insurance contracts and owners of insurance companies 
by providing insurer credit support at a cost typically 
unrelated to the risks assumed. Because of this, we 
would expect that the market value of a long position 
(to the owner) would in general exceed that of a short 
position (to the issuer), with the difference equal to the 
value of the issuer's put option to the fund. Similarly, 
we would expect that the market value of the company 
to its owners is enhanced to the extent that the benefit of 
a lower cost of funds is not offset by the cost of the 
guarantee fund assessments. See Babbel and Staking 
(1995) and the discussion below. 

It is tempting to speculate that the presence of this 
put option and its implied credit enhancement of the 
insurer is the driving force behind the existence of a 
"secondary" GIC market. After all, any issuer would 
likely retire the GIC at its internally assessed market 
value, so the secondary market must place a higher 
value on the long position than the issuer places on the 
short. Although the value of the put option may be 
partly responsible for this valuation discrepancy, the 
more likely explanation is that most issuers discount 
payable proceeds on early GIC termination at rates 
above current market in order to fully recover initial 
expenses and pricing profit. 

4. Two Pricing Paradigms 
Applying the framework above to an insurance com- 

pany liability, two pricing paradigms emerge, both of 
which allow for a sequence of ad hoe pricing methodol- 
ogies that differ in their implementation from simple 

yet judgmental to more complicated and yet more 
objective. The transition in each sequence is created by 
eliminating judgmental risk-based spreads in the dis- 
count yield curve that would be applied to relatively 
simplified cash flows and, instead, modeling the risks 
more explicitly through projected scenarios of future 
state-dependent cash flows: 

The two pricing paradigms are direct and indirect 
and can be described as follows. 
• Direct Paradigm. The direct pricing paradigm views 

an insurance company liability much like a corporate 
bond, whereby contractually defined payments are to 
be made to a third party subject to a variety of con- 
tingencies. Payments can be defined in fixed dollars 
or indexed relative to the performance of actual or 
market benchmark indexes or portfolios, and in the 
latter case  minimal payments can be defined. In 
addition, payment contingencies include the finan- 
cial health of the insurer, long and/or short positions 
in embedded options, as well as the mortality, mor- 
bidity, or casualty loss of a third or fourth party. For 
the direct paradigm, the market value of liabilities is 
then defined as the value of these contractually 
defined payments. 

• Indirect Paradigm. The indirect pricing paradigm 
views an insurance company liability as a lien on 
insurance company assets, the net effect of which 
creates a stream of corporate earnings, that is, dis- 
tributable earnings, which can be purchased by an 
investor. These earnings reflect the contractual provi- 
sions and contingencies of both assets and liabilities, 
as well as the various accounting practices and con- 
ventions generally accepted as appropriate for defin- 
ing earnings that can be distributed to investors. For 
insurance companies, distributable earnings typically 
equal statutory income adjusted for changes in 
required risk capital, although there may at times be 
a statutory/GAAP net worth adjustment (see Becker 
1993). For the indirect paradigm, the market value of 
liabilities is then defined as the market value of 
assets less the market value of distributable earnings 
and follows from the accounting identity: L = A - E .  
These two pricing paradigms differ in a number of 

ways. The direct pricing paradigm evaluates liabilities 
directly as assets are valued and hence is constructive. 
The indirect pricing paradigm first evaluates the earnings 
of the insurance enterprise and then defines the value of 
liabilities as the known market value of assets less this 
value and hence is a deductive. The direct pricing 
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paradigm values liabilities in terms of actual cash flows, 
as is the case for assets, while the indirect paradigm val- 
ues payments not in terms of the insurer's cash flows but 
in terms of its "distributable" earnings, because these 
reflect the payments actually purchased by a given inves- 
tor. 

As a corollary to this, values produced by the direct 
pricing methodologies are absolute and independent of 
accounting standards, while the indirect pricing meth- 
odologies are fundamentally driven by the notions of 
statutory and GAAP earnings and statutory risk capital. 
Finally, direct pricing methodologies produce values 
that are independent of the supporting assets or at most 
dependent on their state-dependent cash flows, while 
the indirect pricing methodologies values reflect both 
the type and amount of the supporting assets, in addi- 
tion to their state-dependent cash flows. 

For these paradigms to produce results that are in 
theory comparable, three refinements must be made to 
the descriptions above and calculations below. 
• Franchise Value. When a firm is valued, future dis- 

tributable earnings reflect both earnings from con- 
tracts currently on the books and the firm's 
"franchise value," which reflects a capitalization of 
the firm's earnings on business expected to be 
booked in the future. The direct approach ignores 
this value by definition, so when applying the indi- 
rect paradigm, it is important that franchise value 
also be ignored. In other words, the firm's business 
must be valued as a closed block to produce a rea- 
sonable value for current insurance liabilities 

• Insurance Company Debt. If an insurance company 
has market debt, the indirect paradigm yields the 
market value of insurance company total liabilities 
including this debt. Consequently, to be consistent 
with the direct paradigm valuation, this market value 
of liabilities must be reduced by the market value of 
outstanding debt to result in the market value of 
insurance liabilities. 

• Put Option to State Guarantee Funds. As  discussed 
above, an insurance company's option to put its lia- 
bilities to a state guarantee fund at the time of its 
insolvency has value to insureds that is expressed in 
their providing the insurer a lower cost of funds than 
might be appropriate given the insurer's actual credit 
quality. Depending on the calculation details, the 
direct paradigm may capture this cheapness and con- 
sequently understate the market value of liabilities 
that would exist in the absence of this option, 

although it can also be implemented in a manner (see 
below) that estimates this latter value. 
On the other hand, the indirect paradigm captures 

this cheapness only to the extent that the value of this 
option exceeds the cost to the insurer as reflected in 
future guarantee fund assessments. Because it is easy to 
modify distributable earnings to eliminate such assess- 
ments, the respective liability market values can be 
made to be comparable and consistent and equal to the 
market value of liabilities for a firm with such a put 
option. Philosophically, these paradigms produce liabil- 
ity market values in a market in which purchasers of 
short positions continue to have access to guarantee 
funds. 

As an example of the put option effect, assume that a 
Aaa/AAA-rated company can issue debt at 9% and an 
A-rated company at 9.50%. If the A-rated company 
obtains credit support to borrow at 9%, there are two 
ways to evaluate the market value of its liabilities. As an 
A-rated company, the value of a 9% borrowing is, say, 
97.50, discounting at 9.5%. This is the value of the 
bond to the company and understates the value of 100 
to investors who recognize the value of the credit sup- 
port and discount at 9%. 

Distributable earnings are enhanced by cheap bor- 
rowing and decreased by the cost of the credit support. 
If this cost is eliminated from the earnings analysis, dis- 
tributable earnings are overstated relative to the com- 
pany with the bond and no credit support by the present 
value of the 0.50% coupon savings. The indirect para- 
digm consequently values liabilities (that is, the bond 
with credit support) as 100, the increment to assets, less 
the value of an extra 0.50% coupon income in distribut- 
able earnings. 

This value equals the direct value of the bond to the 
company of 97.50 only if distributable earnings are 
risk-adjusted as are flows from an A-rated bond. Since 
earnings hold a subordinated position to bond pay- 
ments, it is logical that they would be risk-adjusted 
more conservatively and that the indirect paradigm 
would produce a liability in excess of 97.50. 

While both pricing paradigms are theoretically 
defensible and appealing, even with the calculation 
refinements above, they in general give different results 
for the market value of insurance liabilities and do not 
yield identical results except in the simplest, most con- 
trived hypothetical case. Beyond the issue of risk- 
adjustment exemplified above, an important reason for 
this difference is that many insurance markets are 
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relatively inefficient and there is often little relationship 
between an insurer's "real" cost of funds, as implied by 
the market price at the time of issue of a contract, and 
an insurer's "hypothetical" cost of funds, as implied by 
its true financial quality. One exception to this observa- 
tion is the secondary GIC market where GICs trade like 
bonds at spreads consistent with the financial quality of 
the insurer. 

As evidence of this general ineffÉciency, we know 
that insurers of various financial qualities can sell com- 
parable contracts at comparable prices. In theory, this 
pricing anomaly may be consistent with an efficient 
market hypothesis in a market that values different lev- 
els of service or perhaps the insurer's put option to state 
guarantee funds in a way that offsets the financial qual- 
ity differentials. However, we can also find comparable 
contracts sold by insurers of similar financial quality 
and service reputations for materially different prices. 
In this case, market inefficiency appears to be the most 
logical conclusion. Of course, subsectors of the insur- 
ance market are fiercely competitive and efficient, but 
the conclusion of inefficiency appears valid in many 
subsectors as well. 

As a consequence of this inefficiency, the direct mar- 
ket value of many insurance liabilities at the time of 
issue is relatively insensitive to the insurer's financial 
quality and hence also relatively insensitive to the level, 
pattern, or variability of the insurer's profits. Hence, 
these direct market values must also be relatively insen- 
sitive to the accounting standards by which the insurer's 
profits are released. 

Conversely, the value of an insurance enterprise fun- 
damentally reflects the accounting standards underlying 
the definition of distributable earnings, and so too must 
the indirect market value of the insurer's liabilities. For 
example, if statutory profits were redefined or statutory 
risk reserves increased materially, the values of insur- 
ance enterprises would change reflecting differentials in 
the stream of distributable earnings available, as would 
the implied values of their liabilities as calculated with 
the indirect paradigm. 

Although it could be countered that the market 
would alter its implied pricing mechanisms to exactly 
offset the change in distributable earnings and thereby 
obtain the same value of the finn, this would imply that 
equity investors in general are indifferent to the level of 
actual dividends received. This in turn implies that an 
enterprise can produce the same favorable risk-adjusted 
level of return on capital independent of the level of 

capital it retains. Although no definitive proof of the 
impossibility of this conclusion can be provided, the 
dividend management activities of publicly traded com- 
panies suggest its implausibility. 

Note, however, that it is not necessary that these 
market values be identical. In the financial markets dis- 
cipline is maintained by arbitrageurs and their ability to 
buy the cheap contract and sell the dear. When the mar- 
ket does not allow easy trading--is not complete--- 
actual pricings can easily diverge from theoretical pric- 
ings. Currently, there is a relatively thin "short" market 
for trading an insurance block or enterprise in which 
pricings reflect valuations of distributable earnings, as 
well as a thin "long" market for some individual liabil- 
ity contracts, such as GICs and lottery annuities, where 
pricings reflect valuations of cash flows. 

As noted above, while the short market currently 
encompasses all types of insurance liabilities, the long 
is unlikely to expand much beyond the liabilities cur- 
rently traded. With such a limited long market there is 
no possibility that investors can take short positions in 
most insurance liabilities at prices consistent with the 
direct paradigm's long position valuations. Conse- 
quently, there is no possibility that investors can arbi- 
trage short market values produced by the indirect 
paradigm with comparable positions established by 
"shorting" the long market at values produced by the 
direct paradigm. In conclusion, there does not appear to 
be a market-based mechanism that forces the conver- 
gence of the respective paradigrn's values in the current 
environment. 

In summary, the methodologies of the direct pricing 
paradigm, as described further in Section 5A, provide 
valuations of liabilities that are consistent with valua- 
tions of assets currently and that are similar to the val- 
ues at which such contracts trade in the "long" markets 
that currently exist, GICs and lottery annuities. How- 
ever, the methodologies of the indirect pricing para- 
digm, as described further in Section 5B, also have 
significant merit because, like the direct, they too reflect 
valuations observed in today's "short" market. 

In theory then, both paradigms produce results con- 
sistent with current market activities and finance-theo- 
retic valuation practices. Consequently, either paradigm 
could be "declared" as providing reasonable estimates 
of the true market value of liabilities today. However, 
the direct pricing methodologies are preferred in prac- 
tice because they produce values that are absolute and 
independent of accounting standards, and this has the 
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advantage of consistency as accounting practices 
evolve. In addition, the direct pricing methodologies 
can be implemented with reasonable confidence far eas- 
ier than the indirect methodologies, because distribut- 
able earnings are the most difficult flows to value in 
what is fundamentally an incomplete market. 

5. Market Value of Liabilities 

A. Direct Methodologies 
The direct pricing methodologies for the MVL are 

based on the law of one price and reflect the methods 
used in the thinly traded insurance liability markets of 
secondary GICs and lottery annuities. That is, we seek 
similar instruments currently trading in the financial 
markets and value liabilities in a way that reflects the 
valuation of those contracts. 

Viewed from the perspective of the issuer, that is, the 
short position, an insurance contract is simply a finan- 
cial instrument whereby for a given price, defined in 
terms of a single or periodic payments, the insurance 
company agrees to pay given amounts based on the 
realization of a certain contingency or contingencies, 
and whereby in addition to this basic structure the 
issuer and/or owner has certain financial options that 
can be elected and that will in general at least modify 
the basic structure, if not cancel it altogether (see Sec- 
tion 6 for examples). 

From the asset market's perspective, valuing an 
insurance company liability is equivalent to valuing a 
series of payments contractually defined, as well as the 
long and short embedded options of both patties. For all 
such features, comparable features exist today in 
actively traded securities that trade at prices consistent 
with those implied by the theoretical models, as moti- 
vated by the law of one price, and implemented through 
various ad hoc pricing models. Consequently, the direct 
pricing methodologies apply these well-utilized tech- 
niques in this new setting of liabilities. 

The simplest methodology possible under this para- 
digm is the risk-adjusted present value (RAPV) 
approach. Here, we "simply" define a series of cash 
flows that are feasible under the contract and discount 
these flows at interest rates reflecting both the risk-free 
time value of money (Treasury rates) and risk spreads 
adequate to compensate the investor for the risk that the 

actual cash flows may be different from those initially 
defined. 

Actual cash flows can vary, for example, due to con- 
tingency risk, a prepayment or extension (embedded 
options), issuer default (credit risk) or loss relative to 
fair value on sale prior to maturity (liquidity risk). Of 
course, this methodology involves significant judgment, 
but by using various market comparables this approach 
can operate efficiently in an actively traded market even 
in the absence of a theoretical model to substantiate the 
risk pricing. 

For example, callable bonds have existed longer than 
fixed-income option-pricing models. A 10-year bond, 
say, callable from year 5 to 10, might be sold at par 
(100) with a coupon of 9.50%, where the net spread to 
an 8.00%, 10-year Treasury of 1.50% would reflect call 
risk, default risk, and liquidity risk. In this example, the 
market defines the "feasible" cash flows as those realiz- 
able if the bond is not sold and neither calls nor 
defaults. The spread of 1.50% is then a measure of the 
risk that an event not explicitly reflected may indeed 
OCCUr. 

While it is entirely logical and conventional in the 
bond markets to define cash flows for spread definition 
purposes on the basis of "no-call, no default, no sale," 
we could have hypothetically assumed that the cash 
flows would end in a call in year 5 with a principal 
repayment of 104.75. Based on these cash flows, we 
would infer that the bond was selling at a discount, that 
the actual yield was higher than 9.50% (10.25%), and 
that the risk spread to the 7.25%, 5-year Treasury was 
larger than 1.50% (3.00%). 

This illustration shows that hypothetically any set of 
feasible cash flows can be used initially when calibrat- 
ing a spread model, although not all approaches are 
equally useful in price predictions because of a lack of 
comparability and the instability of results. To the 
extent that assumed flows reflect a worst-case scenario, 
risk spreads and total yields can even be negative. For 
example, consider the yield and spread implications of 
pricing the above bond to an assumed default in the sec- 
ond year with a 50% recovery. 

While this method is apparently simple to use when 
performing calculations, its weakness is the difficulty of 
judgmentally determining the necessary risk spread or, 
more generally, the relationship between the risk spread 
and the feasible cash-flow stream assumed. One simple 
solution commonly used in the asset markets is to seek 
out "similar" securities prices and determine the market's 
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risk spreads. For example, by sorting noncallable public 
bonds into credit risk classes, clear patterns of risk 
spreads to like-maturity Treasuries emerge. This compar- 
ative approach has the advantage of simplicity and works 
well for relative valuation applications; for example, 
which of security A or B is cheaper? 

The disadvantages of this simple solution are: non- 
existence of comparables (most liabilities), the sparse- 
ness of comparables for even some simple risks (very 
low credit quality), the lack of a clear pattern of pricing 
for more complicated risks (embedded options), and the 
inability to determine whether the price is in some 
sense "correct" For example, while security A may be 
the better priced Baa/BBB bond, is it cheap enough to 
be preferred to a Treasury bond? 

Consequently, an alternative solution to the problem 
of risk spread determination, given assumed cash flows, 
is to model the more complicated risks explicitly, so 
that they are reflected in the variable nature of futitre 
cash flows rather than in only the discount rate applied 
to the single fixed set of cash flows. Because this repre- 
sents an extension of the ad hoc spread pricing proce- 
dure beyond the calibration of the market's spreads on 
some risks, to the estimation of the spreads necessary 
on a wider set of risks, there is no single or perhaps 
even best way to implement this extension. 

The intuitive framework for this extension is the sto- 
chastic generation of the various cash flows possible 
under the contract, reflecting the possible outcomes 
from various risks, and then the discounting of these 
flows with rates reflecting: 
• Risk-free time value of money (Treasury rates) 
• Risk aversion spread for the risks modeled 
• Risk spread for risks not modeled. 

In this framework, a given risk has two effects on 
price and hence on the necessary risk spread, as can be 
observed in the financial markets for risks such as issuer 
default. First, the investor must be compensated for the 
losses expected (the average loss), and this discounting 
of price can be either implicitly reflected in the spread 
or explicitly in the cash-flow scenarios. These values 
are often estimated or modeled based on past experi- 
ence on the risk. However, this approach is meaningful 
for this purpose only if the portfolio of risks priced is 
similar to, and as diversified as, the portfolio of histori- 
cal risks on which loss estimates are made. 

Second, the investor must be compensated for taking 
the risk that actual losses may differ from this average. 
This second component reflects the buyer's utility func- 

tion in theory and provides the appropriate mechanism 
for calculating price, given the level of risk, to equalize 
the investor's expected utility, that is, satisfy 
u(w)=E[u(w-P+C)], where w is current wealth, C is the 
risky cash flow, and P is the equilibrium price. For a 
risk-averse investor, this price is always less than the 
expected value of the risky cash flows, E[C], implying 
an additional spread component. 

In practice, we can also identify this risk with capital 
risk, for which the investor must be paid an appropriate 
return for holding the capital necessary to assume this 
risk. That is, compared with a risk-free asset, a risky 
asset requires the investor to hold risk capital to absorb 
period cash-flow fluctuations and allow the investor to 
realize a given fixed consumption opportunity defined 
in terms of expected cash flows. As compensation for 
holding this capital in relatively risk-free assets, the 
investor must in turn earn an extra return on the risky 
asset. 

Using either perspective, this risk aversion spread 
charge or price discount increases with risk variability 
and decreases with risk diversification. 

One risk that can typically be evaluated outside this 
intuitive framework is interest-rate contingent claim 
risk, that is, embedded option risk. As noted above for 
options on stocks, risk-free bonds with embedded 
options can also be replicated but by a dynamically 
managed portfolio of long and short risk-free and 
option-free bonds. Consequently, the price of such a 
security does not reflect the market's utility function 
beyond the extent to which the prices of bonds in the 
replicating portfolio reflect this function. That is, no 
additional explicit provision for option risk can be 
reflected in the price. 

In practice, a yield curve evolution or scenario model 
is required that is internally consistent in that it pre- 
cludes the formation of risk-free portfolios that outper- 
form the risk-free rate; that is, the model precludes risk- 
free arbitrage. Such evolution models.can always be 
reparametrized so. that the price of a given security 
equals the simple average of the prices obtained sce- 
nario-by-scenario. For risky bonds, while it is not tech- • 
nically correct to do so, it is common practice to apply 
yield curve evolution techniques to term structures with 
spreads appropriate for the credit risk. 

For specific evolution models see Heath, Jarrow, and 
Morton (1992), Ho and Lee (1986), and Pedersen, Shiu, 
and Thorlacius (1989). For a general review of the the- 
ory and applications see Gerber and Shiu (1995), Hull 
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(1993), Smith (1976, 1990), and Tilley (1992). In Sec- 
tion 6, considerations are given for making the transi- 
tion to pricing embedded liability options. 

For the above bond example, an option-pricing 
model that projects the various payoffs obtainable from 
the bond would identify that the option is worth 50 
basic points (bp) so that 100 bp of the risk spread repre- 
sents compensation for credit risk and liquidity risk. 
That is, if 9.00% is used to discount the option-adjusted 
cash flows in the model, a price of 100 would result, 
which is the same as applying 9.50% to the noncallable 
cash flows. 

In this example, as for insurance company liabilities 
generally, the spread for credit risk can be interpreted as 
having two components: one reflecting average losses 
and the other being compensation for taking risk. In the 
bond example, losses of 35 bp on average might be 
expected based on historical experience for the quality, 
with much of the remaining 65 bp of risk spread reflect- 
ing compensation for taking the risk that losses are vari- 
able and can be much worse than this average. Of 
course, some of the residual 65 bp reflects liquidity risk 
because even the deepest bond markets have wider 
bidask spreads than the Treasury market. 

In theory, credit risk can also be modeled explicitly 
so that the corresponding charge for expected losses can 
be removed from the discount rate. For example, from 
each path in the option-pricing model for the bond, 100 
paths can be constructed, say, each reflecting randomly 
generated occurrences of default and loss. On average, 
if modeled correctly, these losses would average about 
35 bp, so a discount rate of about 8.65% (9.00-0.35) 
would be used in the model. Further, by explicitly 
developing an annual charge to coupon income in every 
scenario of, say 55 bp, reflecting the cost of the risk 
capital assumed to be held to allow the assumption of 
credit risk, the discount rate needed in the model would 
reduce to about 8.10%, for a 10 bp residual risk charge 
over Treasury rates for liquidity risk. 

Stochastically modeling the credit risk of a security, 
or mortality/morbidity/property and casualty risk on a 
liability, has one very useful purpose, but this purpose 
can usually be achieved without further complicating 
the option-pricing modeling as indicated above. The 
purpose alluded to is the development of the loss proba- 
bility distributions from which average losses and the 
necessary risk capital bases can be estimated. However, 
these estimates can in general be made outside the yield 
curve scenario model used in pricing options, because 

most such risks are independent of the level of interest 
rates projected. In these cases, it is sufficient to reflect 
"average" losses in each scenario of the option-pricing 
model as cash outflows, as well as the cost of capital 
charges needed in the underlying term structure. 

For some insurance risks, such as health benefits or 
casualty payments, it is often assumed that losses are 
positively correlated with interest rates because of the 
effects of inflation on such payments. In these cases, 
expected losses on each yield curve scenario, and 
potentially the capital charges as well, must be varied to 
reflect this effect. In essence, this loss "path depen- 
dency" is equivalent to two embedded options on infla- 
tion, one long and one short, which in turn is equivalent 
to a forward contract. However, even in these cases it is 
possible and desirable to separate the modeling of these 
loss parameters from the basic liability valuation within 
the yield curve scenario generator to avoid having a 
cumbersome stochastic model. 

In principle, this process can be followed for insur- 
ance company liabilities just as for assets. However, it 
is reasonable and prudent not to model all risks but only 
those that are so complex or variable that they preclude 
the judgmental development of the necessary compo- 
nent of the risk spread from market comparables. For 
example, embedded options are routinely modeled 
explicitly in the asset markets because their values are 
quite variable and no simple rules of thumb for the 
equivalent spreads suffice. Explicitly modeling liability 
options is also desirable for the same reason. In addi- 
tion, interest-rate-dependent insurance losses, being in 
effect options, also require explicit option-pricing mod- 
eling using path-dependent average losses and capital 
charges. 

On the other hand, credit risk on assets is effectively 
never modeled because spreads appropriate to financial 
ratings are readily available from hosts of comparables 
in the financial markets and seem to suffice for most 
applications. For liability valuations, credit spreads cor- 
responding to the issuer's financial ratings seem appro- 
priate for "short" position market values, while in 
theory spreads corresponding to a rating of Aaa/AAA 
may be preferred for "long" position market values to 
reflect the implicit credit support of state guarantee 
funds. However, this is not observed in practice, where 
implied spreads are reflective of insurers' qualities. 

Finally, asset liquidity spreads again are never mod- 
eled explicitly, but generally judgmentally established 
based on market comparables. In the case of secondary 
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market GICs, spreads typically reflect the liquidity of 
private placements. For most other liability valuations, 
however, liquidity spreads must be largely judgmental 
because little long market activity currently exists and,. 
as noted above, is ever anticipated to exist. 

B. Indirect Methodologies 
The indirect or deductive pricing methodologies for 

the market value of liabilities reflect actual valuations in 
the relatively thin market of insurance company or 
insurance block sales transactions. In this setting the 
investor-buyer is typically "buying" a block of liabili- 
ties, often together with a block of supporting assets, 
for a given sum, which may be negative. In this latter 
case the buyer receives additional funds from the seller 
equal to the negative price. In effect, the price of the 
block or enterprise equals the value of future earnings 
(distributable earnings). 

One distinction here is that for estimating the market 
value of liabilities, the franchise value of the enterprise, 
that is, the value of future sales, must be omitted from 
earnings, as is common practice for closed-insurance- 
block transactions, rather than being included, as is 
common practice for insurance company acquisitions. 
The reason for this exclusion is that "franchise" or 
"brand" value, while important to both a buyer and a 
seller, has nothing to do with the value of outstanding 
liabilities that we seek. 

Given the market value of distributable earnings and 
the market value of assets, the indirect paradigm market 
value of liabilities is defined: 

MVL = MVA- MVE, 

that is, the market value of liabilities equals the market 
value of assets less the market value of the insurance 
block or enterprise. This value of liabilities is self-evi- 
dent, because we can in theory realize it through a mar- 
ket trade. Specifically, we can purchase an insurance 
block or enterprise, sell the assets, and for the above net 
proceeds assume responsibility for the block of liabili- 
ties. Of course it must be the case that MVA-MVE>O, 
because liabilities require payouts. 

The market value of the enterprise reflects not only 
the market value of assets but also the actual assets 
reflected in the MVA calculation. Consequently, in the- 
ory we can have two MVE values corresponding to one 
MVA value, and correspondingly the above formula can 
produce two MVL values. 

For example, a buyer would instinctively pay less for 
the distributable earnings of a universal life insurance 
block if all assets were S&P call options than if assets 
equaled a well-diversified bond portfolio of the same 
market value, assuming that the buyer was inexplicable 
forced to hold the given assets. However, here again we 
would see market arbitrage at work. Savvy buyers know 
that they do not have to hold the given assets, but can 
instead sell them at the market price and replace them 
with a more appropriate asset portfolio. In doing so they 
reduce the original MVA somewhat due to transaction 
costs, but should increase the theoretically fair MVE 
value as well because the insurance block is now 
hedged by a more appropriate asset portfolio. The goal 
of the trade, of course, is to create more value in the 
MVE calculation through improved asset/liability 
matching than is destroyed in the MVA calculation 
through transaction costs. 

In a competitive market of savvy investors, therefore, 
MVE need not necessarily explicitly reflect the actual 
assets in the block if an asset arbitrage, defined in terms 
of the effect on MVE relative to the effect on MVA, is 
possible. That is, in theory MVE can be calculated in a 
competitive market for a block sale as the maximum of 
all values produced by asset portfolios that can be pur- 
chased with proceeds from the sale of the original 
assets. Of course, a savvy buyer can do this calculation 
to evaluate potential value-added and profit or to justify 
an initially excessive asked price. Similarly, a savvy 
seller can do this calculation, and indeed implement an 
asset portfolio restructuring, to avoid leaving too much 
money "on the table." 

In this hypothetical model of a competitive market, 
the implied value of MVL is therefore unique and effec- 
tively minimized. In practice, however, blocks do not 
necessarily trade at this maximum MVE price, and con- 
sequently, the implied MVL on purchase may well be 
larger than that achievable after an asset portfolio 

'restructuring. But this does not contradict the market 
model. After all, that an insurance block buyer can 
restructure the asset portfolio and resell the block at a 
profit is no more counterintuitive than that an invest- 
ment bank can buy GNMA portfolios and resell them at 
a profit as tranches of a CMO. In both cases the poten- 
tial profit is a reflection of a value-added by the buyer 
and not an initial mispricing in the market. 

For the application of the indirect pricing paradigm 
to the market value of liabilities, however, it makes 
sense to use the actual asset portfolio associated with 
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these liabilities. If the above arbitrage is feasible, the 
insurer can implement the corresponding asset portfolio 
restructuring and then reap the rewards of a smaller 
MVL value. 

Similar to the direct methodologies for MVL, the 
indirect methodologies again form a sequence of 
approaches from simplest yet most judgmental, to most 
complicated yet objective. In contrast to the direct para- 
digm in which cash flows are the basis of value, for 
evaluating an insurance block it is the so-called distrib- 
utable earnings. These earnings, which are defined as 
after-tax statutory income adjusted for capital gains and 
losses and changes in required risk capital but are fur- 
ther decreased if GAAP equity is smaller than statutory 
equity, form the basis of value in this context. It is pre- 
cisely these values that can be removed from the block 
annually and distributed to the buyer as returns on the 
initial investment. 

The simplest approach for the indirect pricing para- 
digm is analogous to the risk-adjusted present value 
approach of the direct pricing paradigm. That is, a fea- 
sible and likely set of distributable earnings is projected 
and then discounted by rates that reflect both the risk- 
free time value of money and appropriate risk spreads 
to compensate the buyer for the host of risks and con- 
tingencies that can significantly alter the original earn- 
ings projected. Given the nature of the implied 
acquisition, risk spreads are typically reflective of those 
implied by the capital-asset-pricing model for equity 
markets. 

In contrast to the RAPV method for direct liability 
valuations, however, in practice this initial valuation is 
supplemented with sensitivity tests by which, albeit on 
a simple deterministic basis, other sets of feasible dis- 
tributable earnings are explicitly modeled and in which 
one or a number of the risks of the block are modeled 
conservatively. From these "stress test" valuations, 
whereby all risks are charged in the assumed risk 
spread, we can again use a sequence of pricing method- 
ologies to explicitly model individual risks and capital 
costs and correspondingly eliminate charges for these 
risks from the discount rate. 

For example, we can option-adjust this initial valua- 
tion (see Becker 1993) to produce the option-adjusted 
value of distributable earnings (OAVDE). The modeling 
here would largely be the same as that for an option- 

adjusted valuation in the direct pricing paradigm except 
that, rather than focus on cash flows of liabilities and 
assets, we model the effects of embedded options on 
distributable earnings. As is the case for the direct pric- 
ing paradigm, once the option risk had been explicitly 
modeled, it can be eliminated from the risk spread. The 
spread would then need to reflect risks such as mortal- 
ity, morbidity, and other life and casualty insurance 
contingencies, asset credit and liquidity risk, as well as 
tax and expense risk. More simply, these risks can be 
viewed collectively as creating equity risk to the buyer 
of the distributable earnings. 

As is the case for the direct valuation methodologies, 
judgment is required to identify which risks must be 
explicitly modeled and which risks can be valued based 
on the simpler method of defining the corresponding 
risk spread to equal expected losses plus a return on 
required risk capital. Financial market comparables are 
again of value here. As for the direct pricing paradigm, 
because option risk is one of the most complex risks, it 
should be modeled explicitly in option-rich insurance 
company liabilities. For term life and some health and 
casualty products, option risk is nonexistent and contin- 
gency risk may be deemed most important for explicit 
modeling. 

Finally, required risk capital is explicitly incorpo- 
rated into these indirect methodologies because the 
adjustments to statutory earnings include an adjustment 
for changes in this risk capital. Consequently, once 
defined, returns on risk capital invested in the block are 
easily modeled by correspondingly adjusting statutory 
earnings for these capital costs. In this way only 
expected losses due to risks need be modeled because 
the corresponding risk premiums are captured through 
this required risk capital assumption. 

Although the NAIC model for risk-based capital 
(RBC) is a logical starting point for required capital, it 
is only that. To maintain high financial quality, some 
multiple of RBC in excess of 100% should be built into 
the model at a minimum. In addition, because RBC was 
developed as a solvency standard and not a comparative 
measure of strength for well-capitalized companies, 
risk capital assumptions for a given company may well 
vary relative to RBC values based on the particular risk 
or reflect risks perhaps not reflected in the NAIC formu- 
lation. 
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6. Option-Pricing Considerations 
for Insurance Liabilities 

Many insurance company liabilities are rich in 
option structures that for the most part put the insurer in 
the short position. For example, universal life (UL) and 
single- or flexible-premium deferred annuity (SPDAF- 
PDA) contracts grant the contract-holders both put and 
call options. Specifically, a partial 6r full withdrawal of 
funds from the contract at "book" value is an exercise 
of a put option whereby the policyholder "sells" back to 
the company part or all of its contractual obligations at 
a price indexed by the book value method of fund valu- 
ations. In the case of bank- or corporate-owned life 
insurance (COLI/BOLI) programs, the client company 
is the owner of this put option and as such potentially 
exposes the insurer to greater risk because of the dollar 
size of such cases and the possibility of greater election 
efficiency. 

Similarly, policyholders also have call, options or 
rights to buy additional amounts of the insurer's con- 
tractual benefits by contributing additional premiums or 
considerations. Minimum-interest-rate guarantees are 
formally equivalent to an embedded "interest rate floor" 
contract, which in turn is equivalent to a series of call 
options for the contract-holder. For example, a 4 floor is 
equivalent to a series of call options on 1-year, 4% 
bonds, whereby the long can buy these bonds at par. 

Insurers also have short positions in put options to 
plan participants in the stable value funds to which 
GICs, PICs, and synthetic GICs are issued, and are also 
short "options" on health and casualty products with 
interest-rate- or inflation-dependent payments. 

One example of a liability in which an insurer holds 
a long option position is a so-called "callable" GIC. A 
callable GIC is largely identical to a callable bond in 
structure, only here the insurer is the borrower rather 
than the investor. Because the borrower on a callable 
bond is long the option, so too is an insurer in this case. 
Two subtle differences between callable GICs and call- 
able bonds are that GICs can be coupon-bearing (sim- 
ple-interest GICs) or not (compound GICs), and often 
there is no call premium (that is, GICs are call.able at 
book value). 

While an option is a right but not an obligation to 
act, option-pricing theory often treats it as an obliga- 
tion. That is, the long position is assumed to be 100% 
"efficient" in exercising its right, which is to say that 
the long always elects when it is most financially 

advantageous to do so and never elects when it is finan- 
cially disadvantageous. Stock options and embedded 
call options in bonds are typically treated this way 
because in such cases the anticipated level of sophisti- 
cation of the long position demands this assumption 
and market experience reinforces this view. However, 
many counterexamples to the 100% efficiency rule exist 
even for sophisticated investors/borrowers. 

For example, residential and commercial mortgage 
loans can be called independent of the interest-rate- 
based financial merits simply because the property has 
been sold and the mortgage note is not assignable. Sim- 
ilarly though less frequently, a bond can be called even 
if "out of the money" because the corporation is 
restructuring or consolidating its debt. Of course, if the 
bond trades in the open market, it may be more eco- 
nomical for this issuer to simply repurchase the issue at 
the presumed discount price than to call at "par plus" 

In addition, many mortgages are far "in the money" 
but not called because the borrower is unsophisticated 
or the value of the property and/or financial status of the 
borrower has deteriorated sufficiently to preclude refi- 
nancing. As another example, the election of options on 
many insurance company liabilities is also visibly less 
than 100% efficient. Again, contract-holder sophistica- 
tion can be a cause, as can tax implications, a change in 
insurability, or even a strong agent/contract-holder rela- 
tionship. 

One counterexample to this inefficiency is the 
implied option on some health and casualty products 
that effectively index losses to inflation. By definition, 
we assume that this option will be "elected" with 100% 
efficiency in both cases, that is, where the insurer is 
short (inflation rises) and where the insurer is long 
(inflation falls). 

Because options are "contingent claims," which is to 
say that their future value is currently unknown and 
contingent on future events, the problem of "pricing" is 
highly nontrivial. In contrast, while the pricing of 
yearly renewable term life insurance also involves con- 
tingencies, it is simplified by the "law of large num- 
bers," which guarantees that, if properly underwritten, a 
large pool of similar risks has fairly predictable contin- 
gency costs even though any given individual's cost in 
the pool is entirely unpredictable. 

In the financial markets, no such paradigm exists. 
While holding options on many stocks eliminates "spe- 
cific" or "diversifiable" risk, the investor is ultimately 
left with an option on a market index, say, the S&P 500, 
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the future behavior of which is entirely unknown. Simi- 
larly, holding many callable bonds barely decreases the 
contingency risk of holding only one because here 
"contagion" risk is significant. That is, all calls are 
expected to be elected in relatively similar conditions 
and with little spread of risk. 

Even in a pool of mortgage-backed securities (MBS) 
or a group of UL contracts, only specific risk is elimi- 
nated, that is, the risk of one mortgagor or one contract- 
holder electing. However, the nondiversifiable risk in 
such a pool is significant because, unlike mortality, it is 
generally not known to what "average experience" the 
pool should converge. The reason for this risk is that 
such pools are typically priced at far less than 100% 
efficiency, so the major nondiversifiable risk is that the 
efficiency of the pool changes or, more specifically, 
moves closer to 100%. 

Many option-pricing models assume 100 exercise 
efficiency on the part of the long position. There are at 
least two simple ways to modify option-pricing models 
to reflect long position type 1 inefficiency, where type 1 
inefficiency means that the long will not necessarily 
exercise when in the money. Exercising when out of the 
money, or type 2 inefficiency, is discussed below. 

First, we can hypothesize that the cause of this type 1 
inefficiency is "inertia" caused by a lack of perfect 
information or, even in the presence of such informa- 
tion, caused by the fact that the long position may need 
to incur hard costs plus expend significant effort to cap- 
ture the option's value. For simple options on securities, 
imperfect information affects the timing of investors' 
actions, while the need to expend significant effort to 
elect can affect even sophisticated investors' propensity 
to act. For embedded call options, the long must also 
incur the effort and hard costs associated with refinanc- 
ing, because "refinancing" is the logical expectation in 
the case of an interest-rate-driven call rather than sim- 
ply a payoff of the debt. This reluctance to call or in 
general elect can be easily modeled by altering the pay- 
off functions in the option-pricing model. 

For example, if a bond call payoff is par plus 4, or 
104, and 2% refinancing costs are estimated, the bond 
could be priced as if the payoff were 106. To reflect 
"effort," an extra "point" or so could be added, resulting 
in an increase to the call premiums of 3% to 107. 
Instead of calling at 104, the long will then be assumed 
to delay exercise until rates fall further, to increase the 
security price to 107. This technique reduces call exer- 
cises and the option's value. Logically, this type 1 inef- 

ficiency assumption reduces the value of the long and 
cost to the short of the embedded option compared with 
the 100% assumption. 

For more complicated securities such as MBSs and 
CMOs and analogously for UL/SPDA contracts, we can 
also model the prepayment/lapse activity to explicitly 
reflect type 1 inefficiency. In the bond example, the call 
decision is driven by the relationship between the call 
price and market value of future bond payments. For 
more complicated securities, however, decisions are 
based on the relationship between mortgage interest 
rates paid (that is, the weighted average coupon, or 
WAC) or UL interest rates credited and the rates cur- 
rently available in the marketplace. 

To reflect type 1 ineffÉciency here, we typically 
model little or no incremental election activity for rela- 
tively small favorable shifts in rates, perhaps reflecting 
pool age, past experience, or financial disincentives 
such as taxes or surrender charges. For larger shifts, 
incremental activity reflects significant "inertia" of con- 
tract-holders or mortgage-holders relative to 100% effi- 
ciency and an eventual capping off of all incremental 
activities. In the MBS/CMO markets, such models have 
been estimated from complex econometric studies of 
past experience, while for insurance company applica- 
tions judgmental models are typical. Even so, there is 
no compelling proof that econometrics beats judgment 
in predicting future behavior, although econometric 
models are preferred for calibrating option-pricing 
models and replicating current prices. 

A second method for reflecting "in the money" type 
1 inefficiency is to simply "discount" the option values 
produced by the model vis-a-vis option-free values by 
10-40%, thereby intuitively reducing "efficiency" by 
10-40%. In this simple discount method the intuitive 
"behavioral" model is that, for example, 80% of the 
long positions are 100% efficient and 20% do not elect 
at all. This behavioral model produces the same price as 
discounting the option value by 20% directly, because 
the weighted average of the option-free and option- 
adjusted prices is mathematically equivalent to the sim- 
ple discounting of the embedded option. 

There is another type of "inefficiency," here called 
type 2, whereby in addition to some failure to exercise 
when "in the money," we can often expect some level of 
exercise when the long is "out of the money" Both 
forms of inefficiency reduce the value of the option 
compared with the full efficiency model. However, 
while qualitatively similar to type 1, type 2 inefficiency 

236 Financial Reporting Section Monograph 



must be modeled with extra care, because, rather than 
reducing only the value of the option, to 0 in the limit of 
type 1 inefficiency type 2 inefficiency, provides an 
implied "profit" to the short. This can ultimately create 
an option with "negative" value, that is, an option for 
which the "short" both receives a premium for selling 
and obtains a contract with positive economic value. 
Equivalently, this type of inefficiency modeling can 
compel the short to pay the long to accept the option. 

This pricing anomaly defies the law of one price in 
the most elementary way and cannot occur in actively 
traded markets. For example, while MBSs are priced 
with both types of inefficiency, the "option" always 
retains net positive value. If pricing assumptions 
implied otherwise, market arbitrageurs would likely 
"take the bet" and trade to capture this value, thereby 
correcting the mispricing. 

When developing and pricing contracts with embed- 
ded options that are not actively traded, such as UL or 
SPDA/FPDA contracts, it is important to understand the 
effect of the inefficiency assumptions and to ascertain 
that, on net, the option has been modeled to have real 
positive value even if current experience dictates other- 
wise. To do otherwise is to risk future profitability, and 
possibly solvency, on a very risky and counter-market 
assumption. 

For example, an assumption that a baseline level of 
lapsation exists on an SPDA/FPDA/UL contract inde- 
pendent of the level of credited versus market rates cre- 
ates both type 1 and 2 option election inefficiencies. 
This is because it is posited that some longs (contract- 
holders) put (lapse)each year even when credited rates 
are above market rates, and many do not put indepen- 
dent of how relatively attractive market rates become. 

When credited rates are based on asset portfolio 
earnings, the needed asset liquidations at market rates 
then generate gains or losses to the short (insurer), in 
addition to the incremental gains or losses reflecting the 
relationship between surrender charges and unamor- 
tized acquisition expenses. Baseline recurring deposit 
or premium assumptions on FPDA and UL contracts, 
respectively, create the analogous inefficiencies for this 
embedded call option. 

On the other hand, typical "adjustment" formulas to 
the baseline assumptions provide a partial "efficiency 
adjustment," which limits type 1 inefficiencies in that 
the propensity to put is posited as being negatively cor- 
related to the attractiveness of the credited rate vis-a-vis 
the market rate, while the propensity to call is modeled 

as being positively correlated. This adjustment formula 
still-allows for substaniial contract-holder type 1 ineffi- 
ciency, however, because the adjustment is only a par- 
tial one and 100% efficiency is not produced when the 
market reference rate prevails, even by a substantial 
amount. Typically, this inefficiency is both explicitly 
modeled by recognizing the logical dampening effects 
of taxes, surrender, or sales charges, and indirectly 
reflected by assuming that even when such charges are 
valued, less than 100% will elect when "in the money." 

Another important implication of type 1 and type 2 
inefficiencies is that the theoretical bounds for option 
prices may well be violated. To put this in perspective, 
consider a stock with current price X, an American call 
option with strike at 90,  and an American put option 
with strike at 110. What is apparent and easily proved 
with an arbitrage argument is that in theory the call 
option can never be worth less than the lesser of 0 and 
X-90, while the put can never be worth less than the 
lesser of 0 and 110-X. Based on the assumption of 
100% efficiency, which market arbitrage ensures, these 
minimums are absolute. 

Similarly, a bond currently callable at 110 has in the- 
ory an absolute maximum market price of 110, since in 
this case the bond is short a call option with a minimum 
value of min(0, X-110), where X is the market value of 
the future cash flows of the bond. In addition, if this 
bond is currently putable at 100, its market value can 
never be less than this put price, because in this case the 
bond is long the option. 

Without 100% efficiency these theoretical bounds 
are easily violated within any option-pricing model. In 
addition, there are examples in the market of actual 
traded prices that "violate" these relationships. The 
most obvious examples of securities that are visibly 
priced with substantial type 1 inefficiency are MBSs/ 
CMOs. Such securities often trade at a premium, when 
in theory such securities could be called immediately at 
par by the collective exercise of many homeowners 
electing their options. Clearly, this example of a market 
reality reflects a view far from this hypothetical possi- 
bility. Of course, the market does indeed recognize that 
the embedded call options have positive market value, 
but this value is measurably less than the 100% effi- 
ciency value. 

Analogously, MVLs of insurance and annuity con- 
tracts can easily be calculated that are below guaranteed 
cash surrender values. While seemingly illogical on a 
contract-by-contract basis, as would be the above 
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example mortgage-by-mortgage, this calculated value 
is justified on a block basis by reasonable and even con- 
servative models of policyholder behavior. Certainly, 
acquiring individual residential mortgages at a premium 
may seem equally illogical, but the behavioral dynam- 
ics of a large block are sufficiently compelling for the 
market to trade on this basis. 

We next consider the applicability of lattice-based 
option-pricing methods, such as Ho-Lee (1986), to 
more complex contracts such as MBS, UL, and SPDA 
contracts. One immediate complication on liability con- 
tracts but not on assets is the presence of death claims 
or other contingencies in addition to option elections. 
The effect of these events can be approximated by mod- 
eling cash flows related to the assumed claim probabili- 
ties and the benefits payable at each future time, and 
treating these as coupon payments. 

As a more exact but also more computer-intensive 
approach, we could model the individual time-state 
payments "stochastically" as random variables reflect- 
ing the assumed claim distributions. Each lattice-based 
calculation would then provide a "conditional market 
value" of the liability, conditional on the values of 
claims generated by the claims model. The actual mar- 
ket value is then given by the "law of total probability" 
as the average of these conditional values. 

For option election, a review of the lattice-based lit- 
erature confirms that to be used for a given security, in 
each time-state the decision to call or not must be based 
on information available only in that time-state or in the 
connected future time-states. 

More specifically, the decision to call cannot be 
based on information available only in earlier time- 
states. This is not a problem for a callable GIC or bond, 
because by the replicating portfolio argument all that is 
needed to decide on option election is the one-period 
spot rate in each time-state and the values of the bond in 
the two connecting future time-states. These future val- 
ues effectively summarize all pertinent information in 
all future connected time-states. For more complicated 

securities, however, this decision paradigm is generally 
not possible. 

For MBSs, for example, mortgage prepayment mod- 
els are complex and reflect not only the current but also 
the past relationship of market yields to the given mort- 
gage rate. For example, if market rates are currently rel- 
atively low, the prepayment model generates more 
prepayments if this is the first time this event has 
occurred than if this event has also occurred earlier. 

Based on experience, this model posits (1) "hot 
money," or mortgagors who prepay (refinance) as soon 
as it is profitable, (2) "warm money," or mortgagors 
who do not act quickly but are more prone to act as 
favorable conditions prevail or improve, and (3) "cold 
money," or mortgagors who most likely do not prepay 
under any circumstances. For example, after a long 
period of relatively low rates, a mortgage pool can be 
said to be "burned out," in that virtually nothing but 
cold money is left. 

Options that exhibit this election behavior are often 
called "path-dependent" options, because their exercise 
reflects not only current but also past circumstances. 
That is, their exercise depends on the "path" of interest 
rates from time 0 to the time-state of interest. 

As another example, policyholder behavior with 
respect to withdrawals (puts) and optional premium 
payments (calls) reflects the relationship between mar- 
ket rates and credited rates. If both the market rate and 
credited rate reflect only the interest rate environment 
"known" in each time-state, that is, "new money" rates, 
a lattice-based valuation of the contract is possible. 
However, the credited rate often reflects a "portfolio" of 
assets either held, as in the "portfolio-based" crediting 
strategy, or modeled as an index, as in the "average of 
past new money rates" strategy. In either case, each 
time-state's crediting rate depends on interest rates pre- 
vailing at prior time-states. In addition, it is often 
assumed that the "market rate" is that of a competitor, 
hypothetical or real, and so reflects the competitor's 
crediting rate strategy, which may again reflect interest 
rate experience in earlier time-states. 

Consequently, even when insurance company con- 
tract-holder behavioral models are simple and not 
apparently path-dependent, their dependence on cred- 
ited and market rates usually creates path dependence. 
In general then, such insurance liabilities, like complex 
assets, are often unsuitable for lattice-based option val- 
uation methodologies. 

As it turns out, well-known results from the litera- 
ture imply that either backward substitution on lattice- 
based models or forward generation on scenario-based 
models can be used to value any security for which the 
cash flows are fixed and known or are contingent and 
definable in any time-state. Consequently, European 
options are easy to handle because the option decision 
is straightforward, depending only on information in 
the time-state. 
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On the other hand, MBS, UL, or SPDA contracts can 
be valued using scenario-based models because cash 
flows are predicted in every time-state using an option 
election "model." When this scenario-based approach is 
used, the answer is the same as if these cash flows were 
valued by a replicating portfolio argument in a yield 
curve lattice. In general, American options embedded in 
bonds are problematic in a scenario-based model if 100 
election efficiency is sought, although Tilley (1993) has 
introduced an approximate approach. 

Because of the theoretical equivalence between lat- 
tice- and scenario-based models, the model best suited 
to the problem can be chosen. In either case, of course, 
the yield curves generated within the model must pre- 
clude the opportunity for risk-free arbitrage, ff option 
exercise can be determined based on information avail- 
able only at a given lime-state or later, lattice-based cal- 
culations on commutative lattices such as Ho-Lee work 
well. If information prior to the given time-state is 
needed, scenario-based models are generally required. 

Lattice-based calculations on noncommutative lat- 
tices, for which a two-period shift sequence down-up is 
not equal to up-down, are never done unless the number 
of periods, n, is relatively small. On such a lattice the 
number of backward substitution formula applications 
is of the order of magnitude of 2 "÷~. In a commutative 
lattice these calculations grow only as n2+n, a far more 
manageable number. Because noncommutative lattices 
require enormous calculation time for even moderate 
values of n, it is common to choose the scenario-based 
alternative for simplicity. 

One significant advantage of scenario-based 
approaches not available to lattice-based methods is the 
ability to "sample" paths. In theory, an average of 2" 
present values is needed for an exact answer, whether 
the yield curve dynamics are commutative or not. On 
the surface, this is no better than what the above for- 
mula implies for a noncommutative lattice. However, 
we can view the theoretical formula for price as stating 
that the value at time 0 is the mean of a distribution of 
2" values, each generated by one of 2" possible paths. 
Viewed this way, it is natural to "estimate" this mean 
value by sampling from this distribution rather than 
generating all possible paths. 

In general, the price estimate can be improved by 
increased sampling, but improved more efficiently by 
judicious sampling methods. One such method, called 
the antithetic method, involves creating a second path 
from each sampled path, the "mirror" path, whereby 

downs and ups are interchanged. This method automati- 
cally generates paths symmetric about the hypothetical 
"mean path" and improves accuracy compared to ran- 
dom sampling. That is, antithetic sampling substantially 
reduces the standard error of the price estimate for a 
given number of paths. 

Another method involves "partitioning" all paths 
into equivalence groups, sampling from each group sep- 
arately, and combining results with appropriate proba- 
bility-based weightings. This method avoids the major 
problem of both random and antithetic sampling 
whereby many redundant paths are generated near the 
"mean path," and too few paths are generated in the 
"tails", which may be more important. 

See Tilley (1992) for a survey of sampling methods, 
and Ho (1992) and Pohlmann and Woff (1993) for the 
"linear path space" equivalence class approach. 
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Discussions 

David E Babbel 

When it comes to the valuation of Insurance liabili- 
ties, the driving intuition behind the two most common 
valuation approaches--arbitrage and comparables-- 
fails us. This is because, for the vast majority of insur- 
ance liabilities, there are neither liquid markets where 
prices can be disciplined by the forces of arbitrage and 
continuous trading, nor are there close comparables in 
this market. 

We are Jeft in a predicament, but not an impasse. If 
we can refocus our attention from "market value" to 
"present value," progress can be made. In doing so we 
need not descend the slippery slopes that surround the 
quagmire of equity valuation. The pseudoscientific 
methods typically used there impart only a thin veneer 
of respectability. Moreover, there are many economic 
risks associated with insurance liabilities that are inter- 
esting to study but have little impact on valuation 
beyond their influence upon expected losses. Other 
risks, such as liability payments that are related to inter- 
est rates, are indeed "priced risks" and must be consid- 
ered in any viable valuation model. It is those priced 
risks that are our focal point in this note. 

A useful question to begin our valuation of liabilities 
is: "How much money would I need today to satisfy 
completely, on a probabilistic basis, the obligations 
imposed on me through the insurance policies I have 
written?" It turns out that this is not only a good starting 
point, but also perhaps a good ending point insofar as 
liability valuation is concerned. 

It seems to me that the actuarial profession can best 
serve financial markets, regulators, and investors by 
addressing that question. It can then be left to others to 
argue about the value of the default put option, fran- 
chise value, and the spin-off values of certain lines of 
business. ~ 

If determining the amount of assets necessary to sat- 
isfy the obligations imposed by the liabilities is the 
focus, it becomes readily apparent that the indirect 
method of valuing liabilities is inefficient. Under the 
indirect method, tangible assets are valued and the mar- 
ket value of surplus is subtracted, presumably resulting 
in an estimate of the market value of liabilities. The 
problem with this approach is that the equity value 
embraces the net value of default put options, franchise 
value, spin-off values, and perhaps other options, yet 
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the asset value, as typically calculated, omits one or 
more of these. Accordingly, the implied market value of 
liabilities will be entangled with various options that are 
best relegated to the asset side of the balance sheet. 

While it is possible to estimate the net value of the 
various options and add it to the investment portfolio 
before subtracting the equity value to arrive at the value 
of liabilities, the operation invokes several layers of 
subjective judgment and controversy that render the 
resulting liability calculation rather dubious. 

Like Dr. Reitano, I prefer a direct approach to the 
valuation of liabilities. 2 With such an approach, 'we can 
avoid a number of the pitfalls associated with the indi- 
rect approach, provided that we focus our attention on 
the question posed at the outset. Moreover, the answer 
to that question should be formulated in the context of 
keeping the insurance business on the primary carder's 
books and for some good reasons. 

Consider a situation in which an insurer has tangible 
assets worth $105 and a present value of liabilities of 
$100. Suppose that the net value of its put option to 
default together with its franchise value is $2, and while 
not carded explicitly on its balance sheet, this value 
enhances its assets and surplus. 

Now suppose that the insurer's liabilities are all 
GICs, and that it can repurchase them in the open mar- 
ket for only $98 and retire them. Alternatively, if it 
leaves them outstanding, it will require $100, in present 
value, to satisfy them ultimately. If we look only at the 
cash price to retire the GICs, it looks like an attractive 
deal. But the full cost includes not only the $98 cash 
price but also the lost value of options ($2) associated 
with dropping that business. 

Next, suppose that the insurer can transfer the liabili- 
ties to another insurer. Again, the true cost for the 
insurer is not only the value of tangible assets that must 
be transferred to the other insurer, but also the lost value 
of its options. The acceding insurer may require less 
than the $100 of present value it would take to fully sat- 
isfy the liabilities, but that does not mean that it costs 
less than $100 to fully satisfy them. The acceding 
insurer may charge less because it gains the value of 
renewals or increases the value of its own default put 
option. After all, the transferred business will affect the 
acceding insurer's franchise and default put option val- 
ues differently than the cedant's. In fact, even the inter- 

es t  rate sensitivity (and therefore the value) of some of 
the liability cash flows may itself change when the busi- 
ness is transferred to a new carrier with a different kind 
of marketing force, crediting strategy, and financial 

strength. It may charge more simply because it can get 
more through negotiations. Yet these factors should not 
be misconstrued as having an effect on the present 
value of funds required for the primary carder to satisfy 
fully the retained liabilities. 

It was not long ago that the mortgage-backed securi- 
ties (MBS) market emerged. Pricing MBS was not sub- 
ject to the forces of arbitrage due to uncertainty 
surrounding the prepayment speeds, and there were no 
close comparables traded in the market. Nonetheless, 
satisfactory pricing algorithms were eventually devel- 
oped based on two-factor stochastic interest rate mod- 
els. In recent years, option-adjusted spreads, correctly 
calculated, 3 have narrowed considerably and all but dis- 
appeared in some segments of that market. This sug- 
gests that even though these valuation models cannot 
rely on the forces of riskless arbitrage, they can still 
approximate value closely. 

It would appear that similar pricing algorithms 
should be used to value insurance liabilities. These lia- 
bilities are also subject to considerable uncertainty. 
Some of the uncertainty, such as the incidence of lapse 
and surrender, devolves from the vacillation of future 
interest rate levels and paths. This uncertainty can be 
modeled in a fashion similar to MBS prepayments. 
Uncertainty stemming from mortality, morbidity, acci- 
dent experience, and some base levels of lapses and sur- 
render may not be related directly to interest rates and 
can be reflected directly in the expected cash flows 
input into the valuation model. 

In,life insurance, there is a need to model the divi- 
dend and crediting rate practices of the insurer. These 
practices are often difficult to codify because a commit- 
tee may declare a set of numbers to be used that is not 
related, through a simple formula, to the level and evo- 
lution of the stochastic Treasury rates used in the valua- 
tion models. Nonetheless, the decision process can 
usually be approximated by some formula tied to these 
interest rates. The actual process may rely more on real- 
ized portfolio yields and returns than on Treasury rates, 
yet on an ex ante basis, the stochastic Treasury rates 
may be used because they serve as certainty-equivalent 
rates of return on the portfolio subject to credit and 
liquidity risk. This should suffice for liability valuation 
purposes. 

It is entirely another question, albeit an interesting 
one, to model the optimal dividend or crediting rate 
strategy. If a firm is not following such optimal strate- 
gies in certain lines of its business, it might be reflected 
in a higher spin-off value. Another separate question is 
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whether the insurer is following sound asset/liability 
management practices. The present value of an insur- 
ance liability is not dependent on what assets the 
insurer holds or how its portfolio is structured. Rather, 
it depends simply on how much in default-free securi- 
ties would be required today to meet its expected liabil- 
ity payments over time. The present value should 
account for any interest rate sensitivities in the liabili- 
ties, as described in Babbel and Merrill (1996). 

It is an important, but separate, issue how much eco- 
nomic surplus is needed to ensure, with an acceptable 
degree of probability, that a sufficient cushion of assets 
is in place to handle any adverse deviations in liability 
payments from those expected. The amount of eco- 
nomic surplus required will, of course, depend on the 
structure of the investment portfolio and the probability 
distribution of state-contingent liability payments 
(where the states are defined only by the levels and evo- 
lution of interest rates). 4 

My narrower definition of liability values is unlikely 
to be as close as Dr. Reitano's more inclusive definition 
of liability values will be to the transaction prices for 
liabilities that are traded in the market. Yet this narrower 
focus has some merit. First, it is simpler to compute. 
Second, it is subject to less controversy by relegating to 
the other side of the balance sheet some of the most 
troublesome areas of valuation. Third, it provides a use- 
ful number to regulators and to the insurers themselves, 
who need to know how much it should take to fully 
defease the liabilities that the insurer has underwritten. 
Fourth, it provides a number that is more easily com- 
pared among insurers. 
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Michael Cohen 
Karl Marx once remarked that a merchant is some- 

one who knows the price of everything and the value of 
nothing. Had he read Bob Reitano's paper, he might 
have added that an actuary is someone who is prepared 
to value anything to find the price of everything. 

The difficulty of applying financial models to the 
insurance market is a theme that has been with us for a 
long time. The market's incompleteness as well as the 
asymmetry of information between buyers and sellers 
leads to a lack of competitive characteristics that make 
classical financial theory hard to apply. Professor Peter 
Albrecht in his paper, "Financial Approach to Actuarial 
Risks? 5 covers some of the same ground as Reitano in 
terms of the critiques of the insurance product as a 
financial instrument, but here the similarity ends. 
Albrecht concludes that there is merit in the financial 
approach to financial risk and the actuarial approach to 
financial risk, but he rejects the financial approach to 
actuarial risk (readers will appreciate the irony of the 
rifle, as it was presented to the section of the Interna- 
tional Actuarial Association dealing with the actuarial 
approach to financial risk). 

Albrecht identifies many of the failures of the insur- 
ance markets to meet the criteria for classical financial 
model building, in particular, the arbitrage-free market. 
This is similar to Reitano's discussion of the difference 
between long and short positions in the market and the 
virtual absence of the latter. 

However, it is precisely this application of financial 
theory to the insurance market that Reitano attempts, 
offering us not one but two solutions to the problems 
both have identified. 

Reitano uses a well-known tool for his research: fig- 
uring out what you don't know based on what you do 
know. He starts off by discussing the theory behind 
pricing of financial instruments in general, then goes on 
to discuss insurance products that most resemble these 
instruments and finally goes on to consider products 
that have insurance risks associated with them. To the 
extent that these risks can be diversified away, or can be 
treated as consisting partly of some option feature, 
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well-accepted procedures can be used to isolate the 
pure financial risk. 

Of the two methods proposed, the "direct" and the 
"indirect" methods, the first is more familiar to actuar- 
ies. This method effectively discounts the expected cash 
flows to produce a valuation for the book of business. 
While this seems simple and straightforward, Reitano 
points out a number of difficulties with this approach, 
as well as suggested remedies. 

The indirect method applies to cases of sale and pur- 
chase of a block of liabilities. In this case the value of 
the liabilities is a deductive one---the value of the assets 
less the value of the future distributable earnings. A 
characteristic of the indirect method is that it is able to 
take into account the statutory and GAAP earnings con- 
cepts and risk capital, whereas the direct method is 
independent of these phenomena. 

As Reitano remarks, "the problem of pricing in prac- 
tice is not one of model calibration . . . .  but one of 
'model prediction'" As we see more and more trading 
and securitization, insurance futures and exchanges 
coming into being, it will be interesting to check how 
well these models correspond to actual market-behav- 
ior. 

ff  there is one criticism of this lucid, well-written, 
and approachable paper it is that it lacks a conclusion. 
Then again, perhaps there is no conclusion, other than 
the one noted in the paragraph above: the conclusion 
will be written by the market itself. .' 

J. Peter Duran 
Dr. Reitano has written an excellent paper. It pro- 

vides numerous insights into a variety of issues sur- 
rounding the calculation of the market value of 
liabilities. The comments that follow should be taken in 
this light. In what follows the term "fair value" is used 
rather than "market value," as the former term is more 
consistent with recent financial reporting literature. 

I believe it would be helpful, before discussing the 
various calculation techniques that might be applied to 
determine liability fair value, to explore in some greater 
depth what is meant or should be meant by the fair 
value of a liability. As noted below, more than one deft- 
nition is possible. To a certain extent, the definition 
might depend on the use to which the fair values of lia- 
bilities is to be put. These comments are based on the 
assumed use of the concept of fair value of liabilities in 
conjunction with fair value of assets for meaningful 

financial reporting. In that regard, I believe the follow- 
ing definition is most useful: 

The fair value of an (insurance) liability is the 
amount the liability holder would need to pay an 
unrelated third party to assume (that is, take on) 
the liability. 

The definition does not tell one how to calculate the 
fair value of a liability, but rather what we agree to 
mean by the fair value of a liability. How to calculate 
the fair value is, of course, a critically important ques- 
tion, but it should be addressed only after the primary 
question of what is meant by fair value has been 
answered. 

Dr. Reitano assumes an active market in liabilities. 
Because of the hypothetical active market, the "law of 
one price" applies. It states that the market will reach an 
equilibrium price for a given liability based on the con- 
sensus view of the potential assumers of the liability. (If 
such a consensus did not exist, the price would quickly 
be bid down to the lowest price level acceptable to any 
market participant, and this lowest price would become 
the consensus view.) In other words, the assumption of 
a market price implies a consensus of market partici- 
pants. This is clearly not generally the case. Auction 
processes for blocks of business typically result in a 
wide range of bid prices. However, the assumption is 
convenient because it implies, at least in theory, a 
unique, well-defined fair value according to the above 
definition. 

An alternative approach to defining the fair value of 
a liability would be to not assume an active market, but 
to deal head on with the reality that an active market in 
insurance liabilities does not currently and likely will 
never exist. In this case, the suggested definition does 
not yield a unique result because different unrelated 
third parties will have different views of the amount 
they require to assume the liability. In this regard, two 
possibilities come to mind. One is to specify a price 
based on the average view of market participants. A 
second possibility is to specify a price based on the 
market's view of the lowest amount acceptable to an 
independent third party to assume the liability. Each of 
these approaches gives a unique answer, ff  there were 
an active market, it would be the same answer. Theoret- 
ical arguments exist to support either approach. How- 
ever, using the lowest price is not practicable because 
there is no way of knowing that any particular price rep- 
resents the lowest price. The same might be said of an 
approach that uses the average view of market partici- 
pants, but here one can fall back on the practical 

XVIII. Two Paradigms for the Market Value of Liabilities 243 



expedient of using currently accepted industry views of 
the drivers of future cash flows (policyholder behavior, 
crediting strategy, and so on). 

Regardless of which of the above approaches is 
adopted to defining liability fair value, the conse- 
quences are far reaching. Primary among those conse- 
quences is that the fair value of the liability depends on 
the assumer's view of the liability cash flows. Therefore 
the circumstances of the company in which the liability 
currently resides are largely irrelevant to the fair value 
of the liability. Such circumstances include: 
• Credit Quality. The credit quality of the current 

holder of the liability is irrelevant to potential assum- 
ers of the obligation because the liability becomes an 
obligation of the assumer after a market transaction 
takes place. We are assuming that the contractual 
arrangements with the policyholders are not changed 
by the transaction as sometimes happens when the 
original holder of the liability is an insolvent com- 
pany in rehabilitation. 

• Invested Assets. The definition of fair value specifies 
the holder of the liability will pay cash to the 
assumer. The type of invested assets that the holder 
has used to back the liability are therefore irrelevant. 
This is consistent with the way most blocks of busi- 
ness are actually traded in the marketplace. Purchas- 
ers generally require cash rather than invested assets 
to be transferred. 

• Investment Strategy. For the same reason, the invest- 
ment strategy of the current holder of the liability is 
irrelevant to its fair value. Again, this characteristic 
fits with the way liabilities are actually traded. Pur- 
chasers make decisions based on the investment 
strategy they will adopt, not that of the original 
holder of the liability. 

• Tax Position. The same arguments as above imply 
that the liability fair value does not depend on the 
holder's tax position. 
A liability of an entity can sometimes be thought of 

as an asset of a counterparty. The simplest example is 
debt. Debt, considered as an asset, is often highly mar- 
ketable. Its price depends on various well-known fac- 
tors, including the credit quality of the issuer. 

In contrast to its behavior as an asset, debt payable is 
the most illiquid of liabilities. A company that has 
issued debt in the public market cannot easily relieve 
itself of the liability by transferring cash to an unrelated 
third party in exchange for that entity assuming the 

debt. (Something akin to this can happen as part of a 
corporate merger or restructuring.) 

What then is the fair value of the debt-payable liabil- 
ity? An easy answer is that it is equal to the fair value of 
the debt-receivable asset, which is readily marketable 
and has an objectively determinable price. After all, as 
Dr. Reitano points out, the company can relieve itself of 
its debt by purchasing it in the public market. However, 
this definition of fair value of the debt-payable liability 
is not consistent with the definition proposed earlier, 
since the value depends on the creditworthiness of the 
original issuer of the debt. An unrelated third party, 
were it to assume the debt, would necessarily view the 
debt as its obligation. The cash such a party would be 
willing to accept to assume the obligation would be 
based on its own assessment of risk. The unrelated third 
party would discount the expected payments at rates 
consistent with its objectives. 

The definition of liability fair value as being equal to 
the fair value of the corresponding asset is also not a 
useful definition for financial reporting purposes, as has 
been pointed out by numerous commentators. Under 
this approach, as the credit quality of a company deteri- 
orates, the value of the liability is reduced, an irrational 
result from a financial reporting (or even an economic) 
standpoint. 

Basing fair values of liabilities on the view of unre- 
lated third parties (that is, "the market").places con- 
straints on both of the calculation approaches discussed 
by Dr. Reitano. For example, in the indirect or "actuar- 
ial appraisal" method the invested assets should be 
assumed to be invested and managed according to 
industry norms, regardless of the actual invested assets 
currently backing the liabilities. Similarly, in the direct 
method, cash flows would be discounted at rates that do 
not depend on the company's credit quality. Rather, a 
rate based on "typical" assets that might back the liabil- 
ity seems appropriate. 

Luke N. Girard 
Dr. Reitano should be congratulated for this timely 

addition to the important discussion of market valuation 
of insurance liabilities. The market valuation of liabili- 
ties is a means to an end, where the end is measuring 
management's performance in managing the value of 
shareholder equity through time. The paper brings to 
mind the age-old question of whether it is better to be 
precisely wrong or approximately right. Events at the 
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Financial Accounting Standards Board over the last few 
years would indicate that the balance has been tilting 
toward being precisely wrong. This paper attempts to 
tilt this balance more toward being approximately right. 
This is welcome and highly desirable if the insurance 
industry is to continue to be successful in the market's 
competition for scarce capital. 

I do not pretend to understand all the fiile points 
made by the author; however, I would like to make the 
following observations concerning certain issues raised 
in the paper. It would be helpful if the author clarified or 
elaborated further on these key points. 

He begins by stating that insurance liability prices 
are not directly observable in the market since insur- 
ance liabilities are not traded. While there is some trad- 
ing, the market is not active and deep enough to be a 
reliable source of valuation information. In addition, 
even if trading existed at adequate levels, the market for 
insurance securities is not complete, and thus a state of 
equilibrium cannot be reached. If a state of equilibrium 
cannot be reached, then arbitrage pricing theory is not 
applicable. This is the dilemma, and to resolve it, Dr. 
Reitano suggests "Rather than replicating a given secu- 
rity by traded securities, which may be impossible, we 
instead attempt to replicate the market's mechanisms 
for generating the observable prices of traded securities 
and apply these assumed mechanisms to the valuation 
of the security in hand" 

This statement reflects the practical considerations 
that may need to be incorporated into the valuation pro- 
cess if we are to shift the balance toward being approxi- 
mately right. Obviously, this invites subjectivity into the 
process, the antithesis of objectivity. Some will argue 
that such subjectivity is undesirable, but does this mean 
that we have to go to the opposite extreme and be pre- 
cisely wrong and use historical cost accounting or some 
other less meaningful measure such as contract value? 

Dr. Reitano suggests an ad-hoc approach to valuing 
insurance liabilities. The ad-hoc approach is to generate 
the liability cash flows stochastically, reflecting various 
risks, and then discount these flows with rates reflect- 
ing: 
1. Risk-free time value of money (Treasury rates) 
2. Risk aversion spread for the risks modeled 
3. Risk spread for the risks not modeled. 

While it is not entirely clear, I think the author sug- 
gests that the interest rate generator used to produce 
step 1 is based on a realistic view of the probability dis- 
tribution of yield curve changes or the P measure, as it 
is sometimes called in finance. If it is the realistic view, 

presumably this could be developed by evaluating his- 
torical experience and then modifying such experience 
using expert judgment of how yield curves will evolve 
going forward. This would also be done for other insur- 
ance risks such as mortality, lapse, and morbidity. 

That being the case, we need to build in the market's 
aversion to risk to compensate the risk-holder for taking 
risk. That is, we must incorporate utility or risk prefer- 
ences. Hence, we need to include some discounting 
mechanism for risk and the author suggests we adjust 
the discount rates, that is, step 2. Of course, in the real 
world, it is not possible to model all risks accurately; 
therefore we need to make one final adjustment, that is, 
step 3. 

There are two problems with this approach. First, 
someone has to develop a view of what the stochastic 
interest rate process is. Is this the market's view or is 
this management's subjective view? If it is the latter, 
then I think we run into problems with objectivity. The 
second problem is how do we reflect utility. Again, we 
have the issue of whether it is the market's view or 
management's view. It is not clear which view or which 
set of assumptions is being proposed. 

It would seem that the market's view would be 
appropriate if we are trying to replicate the market's 
mechanism. If that is the case, then steps 1 and 2 above 
can be combined to form an arbitrage-free set of scenar- 
ios. This is called risk-neutral valuation and the paper 
by Cox, Ingersoll, and Ross (1985) discusses the theo- 
retical foundation for this approach. From the layman's 
perspective, this paper is very complex and incompre- 
hensible. For a more lucid explanation of the concept, 
the reader is encouraged to refer to textbooks that have 
been published in this regard. The texts by Dixit and 
Pindyck. (1994) and Hull (1993), referenced by the 
author, provide an excellent treatment of this subject. 

Risk-neutral valuation is appealing since both the 
market's view of interest rates and the market's risk aver- 
sion are embodied in a risk-neutral valuation. A more rig- 
orous mathematical treatment of this subject can be 
found in the text by Dothan (1990). Methodologies exist 
for deriving arbitrage-free interest rate scenarios, and 
these are identified by the author. (Heath, Jarrow, and 
Morton 1992, Ho and Lee 1986, and Pedersen, Shiu, and 
Thorlacius 1989). Furthermore, the market trading for 
Treasury bonds is very active and fairly complete. Thus, 
the risk-neutral assumption for the valuation of contin- 
gent claims involving interest rate risk is feasible for all 
securities including insurance liabilities. 
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What about other insurance risks, such as mortality, 
lapse, and morbidity, that don't trade actively and 
where markets are far from being complete? And there 
is also model risk to deal with. Perhaps this is where the 
model or approach suggested by Dr. Reitano has most 
appeal. If we can somehow calibrate these "risk-aver- 
sion" spreads to the prices insurance blocks trade at 
when they are bought or sold, then we might just have a 
practical approach to market valuation of liabilities. 

A similar situation exists with MBS. MBS trade fre- 
quently and richcheap is usually evaluated with an OAS 
model. The interest rate scenario assumption is usually 
the unrealistic risk-neutral valuation assumption, but 
the prepayment model assumption is calibrated to his- 
tory, and not to what is implied by market's pricing of 
MBS. The market's risk aversion is factored into the 
MBS valuation by adding a spread to the risk-free inter- 
est rates that are used for discounting cash flows. The 
spread is the "S" in OAS. 

For insurance liabilities, we need to note one impor- 
tant difference. If the insurer is assuming the risk and 
such insurer is risk-averse, then the insurer will need to 
be compensated for such risk assumption. That is, the 
valuation of such liability will need to be higher than 
another liability having lower risk. This means that for 
insurance liabilities, we must subtract a spread and not 
add as we do with MBS securities valuation. 

The method suggested by the author is an OAS-type 
model, and a note of caution is in order, In such models, 
the pricing mechanism is irrational if risk-aversion can- 
not be represented by a simple adjuslanent to the dis- 
counting rates. For example, with yearly renewable term 
insurance, risk aversion is better related to potential fluc- 
tuations in mortality experience and not to fluctuations 
in interest rates. This would suggest that the risk-aver- 
sion spread be reflected in the mortality assumption and 
not as an adjustment to the discounting rates. Similar 
considerations are also applicable to lapse and morbidity 
risks as well as prepayment risk in MBS securities. If we 
take this more rational approach, are we not moving in 
the direction of risk-neutral valuation? 

The author correctly points out that we do have two 
different paradigms, which are termed direct and indi- 
rect methodologies. The direct methodology is simply 
discounting actual liability cash flows at the risk-free 
interest rate plus a spread. In the AAA task force paper, 
this method is also referred to as the option-pricing 
method. The indirect method requires the discounting 
of distributable earnings as in an actuarial appraisal and 

then deducing the market value of liabilities by sub- 
tracting discounted distributable earnings from the mar- 
ket value of assets. 

That these two paradigms exist in actuarial practice 
as yielding different answers is perception and not real- 
ity. This perception is created by practitioners making 
inconsistent assumptions in applying each method. If 
we are careful and we make consistent assumptions in 
applying each method, we will get the same answer 
each time. For a more detailed discussion of this issue, 
refer to an article published in Risks and Rewards 
(Girard 1996). 

Yes, it is true that liability valuations using the indi- 
rect methods are dependent on accounting standards 
and the asset strategy. This anomaly is again due to 
making inconsistent assumptions. For example, if statu- 
tory reserves are made more conservative, distributable 
earnings are deferred. This deferral reduces the value of 
these earnings if we hold the discount rate constant. The 
problem is that the discount rate should not be held con- 
stant. It should be held constant only if the riskiness of 
the two free cash-flow streams are identical, which they 
are not. The effect of higher statutory reserves is to 
delever or change the capital structure of the insurer. In 
the absence of taxes, changing the capital structure 
should not affect the valuation of liabilities. This con- 
clusion is consistent with the Modigliani-Miller propo- 
sitions, which states that in the absence of taxes, the 
value of the firm is unaffected by leverage. See the text 
by Ross, Westerfield, and Jordan (1993). 

Changing the asset strategy changes the free cash 
flows, and again, if we hold the discount rate constant 
or we don't change the RBC (risk-based capital) 
assumption, we will get different liability valuations. 
The problem again is making assumptions inconsistent 
with the market's assumptions. 

Note that it is possible even in a risk-neutral valua- 
tion and also in the approach suggested by the author 
that the valuation of liabilities will depend on the asset 
strategy. This will happen when the liabilities are 
defined in terms of the assets such as when portfolio 
crediting strategies are being used. An extreme example 
of this is variable annuities. 

In conclusion, I am in agreement with the author that 
the direct method is the preferred approach. Also, it will 
yield the same answers as the indirect method if 
assumption-setting is consistent. We should not com- 
pletely discard the indirect methodology since in prac- 
tice insurance liabilities "trade" using this method. This 
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trading provides information that can be used to cali- 
brate the assumptions when using the direct method. 
Using a spread adjustment to reflect risk aversion will 
sometimes work, but in general it may be better to 
adjust the assumption specific to the risk be evaluated. 

Mr. Reitano is to be congratulated for helping to pio- 
neer the effort of bringing advancements in modern 
finance to the valuation of insurance liabilities and the 
actuarial profession. Please continue to do so. 
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I 

Thomas S.Y. Ho 
Market valuation of liabilities should be the central 

concern to the insurance industry and to the actuarial 
profession. Few valuation principles can have as exten- 
sive and as profound implications to the industry and 
the profession as the principles of "market valuation of 
liabilities." 

Market valuation of liabilities is the key component 
needed for us to shift to a new paradigm of asset/liabil- 
ity management. We need to value and analyze the lia'- 
bilities in a consistent framework with the assets, 
particularly those traded in the securities markets, to 
enable our insurance business to integrate with the glo- 
bal financial marketplace. In this new paradigm, we can 
no longer afford to narrowly view insurance companies 
as sellers of insurance products. Insurance companies 
will have to be part of integrated financial services. 

In this paper, Dr. Reitano contributes significantly to 
this important subject by providing us an overview of 
recent research and progress in market valuation of lia- 
bilities. There are many aspects on this broad and 
extensive subject, and each aspect can raise many issues 
at its own frontier of research and understanding. Dr. 
Reitano has successfully provided us an overview of 
many issues that are at this forefront of research with a 
clear exposition and direction. 

A. The Law of One Price 
At the foundation of Reitano's exposition is the con- 

cept of the law of one price: two identical securities 
should have the same price. Modern financial theory 
has taken this basic concept to a new height of under- 
standing and applications. Traditionally, economists' 
view of the word  of securities consists of primitive 
building blocks (called Arrow-Debreu securities) in a 
complete market. And therefore if we can determine the 
values of the Arrow-Debreu securities, we can then 
value all the securities that can be built from these 
atomic parts, according to the law of one price. 

Modern financial theory extends this concept to the 
approach of "replicating portfolio." We now assert that 
the value of a security is the cost of replicating that 
security by any dynamic strategies (not just buy and 
hold). The mechanism that ensures this valuation 
approach meaningful is the arbitrage activity in a fric- 
tionless market. 

This arbitrage valuation approach has affected the 
securities market tremendously. Traders, portfolio man- 
agers, analysts, risk managers, and many market profes- 
sionals now routinely use such an approach to assist their 
daily work. This paper provides an overview of how 
such a seemingly simple concept can be applied to prac- 
tical situations. Specifically, the paper discusses the 
incompleteness of markets ("what if you cannot replicate 
a security exactly?") and discusses the methodologies 
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used by specific markets, including corporate bond and 
mortgage markets. 

Such an overview enables readers to extend the con- 
cepts used by the securities markets to our liabilities. 
Dr. Reitano notes that liabilities like GICs seem more 
straightforward in adapting to asset market valuation. 
However, for SPDA, UL, and other interest-sensitive 
products, where the cash flows may be linked to the 
investment strategies and there are no observed market 
prices (or secondary market), the adaptation of a market 
valuation methodology may be problematic. At this 
point, Dr. Reitano offers the two paradigms of market 
valuation. 

B. Two Paradigms of Market 
Valuation 

The two paradigms of market valuation that Dr. Reit- 
ano describes are referred as "direct" and "indirect" 
methods. In the direct methodology, a liability is 
viewed in isolation from the insurance company. Its 
value is the present value of the future cash flow. The 
cash flow may be stochastic or interest sensitive. We 
consider the value of this liability to be the average of 
the pathwise values. A pathwise value is the present 
value of the future cash flow of the liability discounted 
along the (risk-free) interest rate path with a spread, 
adjusting for risks and market incompleteness. 

The indirect methodology considers the liability to 
be part of the whole insurance company. The liability 
value is the asset value net of the firm value. The firm 
value is defined as the average of the pathwise values of 
the finn's distributable earnings, and the liability value 
is the firm value net of the asset value. 

While the two methodologies seem different, we 
must not overlook their similarities. Indeed, their valua- 
tion principles are the same: using the modem version 
of law of one price (or the arbitrage-free framework). 
They differ in the specifications of the cash flows, not 
the financial principles in determining the value. 

Consider a simple example of an insurance company 
with a GIC backed by Treasury bonds. In a perfect cap- 
ital market, with no taxes and other regulations, the two 
approaches should provide the same result. The differ- 
ence between the two approaches arises from the speci- 
fications of market imperfections of an insurer. 

Indeed, Girard 6 shows those conditions under which the 
two methods are the same. To date, research has not suc- 

cessfully incorporated the arbitrage-free valuation concept 
into the corporate financial theory of Miller and 
Modigliani. Specifically, the theory of integrating taxes, 
transaction costs, and default implications has not been 
well formulated and applied. Therefore, there is little cor- 
porate financial theory for the indirect methodology to 
value the firm. 

For this reason, the indirect methodology is more an 
extension of the direct methodology. The extension is 
based on the actuarial calculation of the distributable 
earnings, not on another paradigm of valuation. The 
actuarial calculation in turns depends on the set of 
assumptions. Girard shows that indeed the two methods 
provide the same results when they have consistent 
actuarial assumptions. Therefore, the robustness of the 
indirect methodology depends on the robustness of the 
calculations of the distributable earnings for the pur- 
pose of market valuation. 

In comparing the direct method and the indirect 
method, attention should be focused on the assumption- 
setting process. Examples of the assumptions may be 
the specification of equity discount rate, the desirability 
of the stock dividends (the "clientele effect" referred to 
in corporate financial theory), effect of leverage on the 
firm value as a result of a market signal and bankruptcy 
costs, and the treatment of taxes that avoids any tax 
arbitrage opportunities. When these assumptions are 
made in a somewhat ad-hoc fashion in the indirect 
method without passing the rigorous requirements of 
market equilibrium conditions, then the indirect method 
is no longer based on a financial theory of valuation. 
The method would reduce to a somewhat complex actu- 
arial present value procedure. 

C. Applicability of the Market 
Valuation of Liability 

Dr. Reitano then provides an excellent overview on 
applications of the methods to option-embedded securi- 
ties. The paper discusses the theories and the implemen- 
tation issues in valuing some of these more exotic 
securities. Further, the paper discusses the applications of 
these concepts to specific liabilities like UL and callable 
GICs. Special attention is given to the behavior of the 
policyholders in the way that they exercise their options, 
and such behavior is compared to that of the bond issu- 
ers, mortgage holders, and option investors. These dis- 
cussions are important for us to better understand the 
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implications of applying the law of one price to the.mar- 
ket valuation of liability. 

In focusing on the two paradigms in the market valu- 
ation of liability, Dr. Reitano has highlighted the central 
issue of this important subject. The central issue is not 
so much how market values are defined but the applica- 
bility of these market value numbers. 

Dr. Reitano has dealt with these complex and impor- 
tant issues in a clear exposition in his paper. 

Craig Merrill 
Financial valuation models can be applied to insur- 

ance-related claims. In particular, these models are 
being employed to calculate the market value of insur- 
ance liabilities. The goal of this paper is to introduce the 
various approaches to valuation that are used in .the 
finance literature and show how the valuation of insur- 
ance liabilities fits into the financial valuation frame- 
work. The theory suggests that securitization of 
insurance liabilities may lead to better market value cal- 
culations. 

There are two broad approaches to financial valua- 
t ion models: equilibrium models and arbitrage, or con- 
tingent claim, models. Equilibrium valuation models 
fall into two general categories: partial and general 
equilibrium. In a partial equilibrium valuation model 
some fundamental value is taken as given in order to 
derive an equilibrium: For example, in the capital asset 
pricing model (CAPM), an individual's assessment of 
assets' price dynamics or probability distributions is 
given exogenously. In a general equilibrium framework, 
these distributions would be endogenously determined. 
In either case a definition of equilibrium is used to 
derive prices. 

In a contingent claims model, the price of a security is 
determined by the value of a portfolio that replicates the 
payoffs of the security. The securities in the replicating 
portfolio are called fundamental securities. An assump- 
tion of market efficiency ensures that the fundamental 
securities are correctly priced, even i fno explicit model 
of price determination is used for the fundamental secu- 
rities. The price of the security to be valued is deter- 
mined using the law of one price. That is, the price of the 
security is the price that removes arbitrage opportunities 
between the security and its replicating portfolio. 

In his paper, Dr. Reitano describes two paradigms 
for valuation of insurance company liabilities. The first, 
which he calls the direct paradigm, is an equilibrium 

approach to valuation. The second, which he calls the 
indirect paradigm, is a contingent claims approach to 
valuation. The goal of this discussion is to introduce the 
traditional financial valuation approaches and show 
how Reitano's paradigms relate to these approaches. In 
addition, references to other work that applies these 
financial models to insurance companies are provided. I 
conclude with some comments on the benefits of secu- 
ritization of insurance liabilities for determining market 
values. 

The State-Space Model 
In the basic pricing model employed in finance, a 

vector of possible future states of the world captures 
intertemporal uncertainty. 7 Consider a world with two 
periods; today and tomorrow. There are S possible 
states of the world tomorrow. A security that pays one 
dollar in state s tomorrow, and zero dollars in any other 
state, has a price Ps today and is referred to as an Arrow- - 
Debreu security or a state-contingent claim. In this 
world there are N assets. Let n~ be an N-vector and x: be 
an S-vector with each dement, ni: and x,? representing 
the number of shares of asset i held in portfolio j and 
the value tomorrow of asset j in state i, respectively. 
Thus, xj is the payoff vector for security j. Define the 
matrices N(n,  n 2 . . . . .  n s) and x=(x ,  x 2 . . . . .  xN). The 
market is said to be complete if there is a solution to the 
equation 

X N  = I N (1)  

where I N is an N by N identity matrix. The ability to 
combine the securities in X in such a way that an iden- 
tity matrix, results indicates that each of the S states is 
uniquely priced. Thus, a complete market refers to the 
ability to combined the N primitive assets into S portfo- 
lios that act as state-contingent claims. If there are 
fewer than S primitive assets, then it is clear that no 
non-trivial solution to this equation exists. If there are S 
primitive assets whose payoffs are linearly independent, 
then there will be a solution. It can be shown that if 
there are more than S assets, there can be no more than 
S linearly independent assets. In this case the N-S addi- 
tional assets are redundant. More will be said about the 
pricing of redundant securities later. 

If X gives the payoff schedule of the N assets in the S 
states, then the vector of today's values for the funda- 
mental assets is given by 

v = X'p (2) 
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where p is the vector of state prices. Finally, if markets 
are complete, then a riskless asset can be constructed by 
holding one of each of the state-contingent claim secu- 
rities. The riskless rate is given by r = (l'p)-~-l. 

Equilibrium Pricing Models 
In this framework, a partial equilibrium model would 

take the state-contingent claim prices as given and then 
value the fundamental assets. For example, Brennan 
and Schwartz (1977) show how to value a variety of 
bonds with embedded options in a partial equilibrium 
framework. They assume that movements of the risk- 
free spot rate of interest for the shortest holding period, 
the short rate, are described by a stochastic differential 
equation. The form of the stochastic differential equa- 
tion for the short rate is dictated by an assumption about 
the distribution of movements for the short rate. The 
second assumption is the local expectations hypothesis 
(LEH). The LEH is an equilibrium condition. It states 
that the expected return over the shortest holding period 
is equal to the short rate for all interest-rate-contingent 
securities. Given the assumption about the dynamics of 
the short rate and the equilibrium condition. Brennan 
and Schwartz are able to derive prices for bonds of all 
maturities with a variety of embedded options. 

In this type of bond-pricing model, the implicit 
assumption is that the short rate is the single stochastic 
factor. It is the state variable. Once the value of the 
short rate is known, all other rates are uniquely deter- 
mined by the bond-pricing model. The zero-coupon 
bond whose yield is the short rate is the fundamental 
security, and the other bonds are redundant securities in 
the contingent claims framework. 

A general equilibrium model would have the state- 
contingent prices determined endogenously. Cox, 
Ingersoll, and Ross (1985) derive a single-factor bond- 
pricing model in a general equilibrium framework. 
They specify production processes for firms and utility 
functions for individuals in the economy. Contingent 
claims prices and interest rates are determined by an 
equilibrium condition that all wealth is invested or used 
for current consumption. Once the fundamental prices 
are determined, all other claims can be priced relative to 
the fundamental prices as in the partial equilibrium 
model above. 

Arbitrage Valuation Models 
Arbitrage valuation models, often referred to as con- 

tingent claims valuation models, are really a type of 
partial equilibrium model. They take the state-contin- 
gent claim prices as given and then value other securi- 
ties relative to the fundamental securities that span the 
state space. This is possible because the payoffs to any 
security that is not used in forming the spanning set of 
assets can be replicated by a combination of the span- 
ning assets. Consider the following simple extension to 
the state-space economy presented above. 

In complete markets, redundant securities are priced 
using an assumption that there will be no arbitrage 
opportunities in equilibrium. Consider a market with 
S+I assets and S possible states. If this market is com- 
plete, then asset S+I with payoffs Xs÷ ~ is redundant. It is 
redundant in the sense that its payoffs can be replicated 
by a linear combination of the first S assets that span the 
state space. Let Xs=(X ~, x 2 . . . . .  x)  be a matrix with col- 
umns of the S payoff vectors of the spanning assets. Let 
w be the vector of weights that when multiplied by X s 
replicates Xs÷ ~ such that 

Xs÷ 1 = Xsw. (3) 

Transpose and postmultiply both sides of (3) by p to get 

Xs÷:p = (Xsw)' p. (4) 

The right-hand side of (4) is the value of the replicat- 
ing portfolio. The left-hand side of (4) is, by assump- 
tion of no arbitrage, the value of the redundant security. 
Equation (3) is the condition that ensures no arbitrage 
in a complete market. If this condition is not satisfied, 
then individuals could make costless and risldess profit. 
Competition is given as the motive force that removes 
any such arbitrage opportunities. 

This simple concept lies at the heart of most of mod- 
em financial theory. For example, the common stock 
option is a redundant security, or contingent claim, in 
the sense presented above. Its value depends on the 
value of the stock that the option is written on. The 
stock's price distribution and the riskless interest rate 
are taken as given in order to value the option based on 
the assumption of no arbitrage. The stock and a risldess 
bond are the fundamental securities, and the option is 
the redundant security. The option is redundant in the 
sense that a portfolio of the stock and the riskless bond 
can replicate its payoffs. 
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Corporate debt has also been cast as a contingent 
claim, or option, on the total value of the finn (see Mer- 
ton 1974). Indeed, common stock itself can be con- 
strued as an option, or residual claim, on the value of 
the firm. In this case, as in any option-pricing problem, 
the uncertainty in the model is captured by the funda- 
mental securities, the assets of the firm. The fundamen- 
tal securities span the state space, and the addition of 
redundant securities, such as options, does not expand 
the state space. 

Dynamically Complete Markets 
In the state-space model, every possible outcome is 

priced by a state-contingent security. Thus, a single 
share of common stock is a bundle of these state-con- 
tingent securities. In practice, the number of state-con- 
tingent securities that would be required to span the 
entire state-space of our markets is extremely large. 
Thus, the state-space model is not practical to use in 
pricing fundamental securities in practice. 

However, option pricing is an area in which this 
model is applied quite fruitfully. In fact, this is why 
option-pricing models are often referred to as contin- 
gent-claims models. Recall that a simple call option on 
a common stock is priced by replicating the cash flows 
of the option using a portfolio of the stock and a riskless 
bond. The replication involves a dynamic trading strat- ~ 
egy for the stock and the riskless bond that yields the 
same value, and cash flows, as the call option at each 
point in time. In essence, the stock and the riskless bond 
are the only securities necessary to span the state-space 
of the option when the correct dynamic replication 
strategy is implemented. The stock and the riskless 
bond dynamically complete the state-space of the 
option. 

Valuation of Insurance Liabilities 
The state-space model can be used to consider insur- 

ance liabilities. Dr. Reitano's two paradigms can be cast 
in this framework. The first paradigm, the direct 
method, is an equilibrium approach to valuation, and 
the second paradigm, the indirect method, is an arbi- 
trage approach to valuation. I discuss each in turn. 

The Direct Method 
A bond valuation model discounts known cash flows 

by using a model of potentially stochastic interest rates. 
More complex interest-sensitive instruments are valued 
by discounting using interest rate paths that give rise to 
interest-sensitive cash flows weighted by their probabil- 
ity of occurrence) Insurance liabilities can be valued in 
a similar manner. As opposed to bonds, insurance liabil- 
ities' cash flows are probabilistic and may, or may not, 
be interest sensitive. However, the same approaches 
may be used to value insurance liabilities as are applied. 
to bonds or MBS. 9 

The cash-flow portion of this valuation problem has 
been addressed in some detail. A variety of statistical 
methods can be applied in estimating the payout tail for 
property and casualty risk 1°. For life insurance and 
annuity products, mortality tables are used to estimate 
the cash flows. As with MBS, for life products in partic- 
ular, some model of policy-holder reaction to interest 
rate changes may be necessary. However, as Dr. Reitano 
points out, the key difficulty may be in determining the 
appropriate discount rate for use in valuing insurance 
liabilities. 

The Indirect Method 
The other paradigm identified by Dr. Reitano is the 

indirect method of valuation. This approach is a version 
of the contingent claims model of Merton (1974). Mer- 
ton suggests that the equity of a firm is essentially a call 
option on the assets of the firm. In his model the distri- 
bution of asset values and the current asset value are 
taken as given. The equity of a firm that has issued a 
bond represents a claim on the asset value in excess of 
the face value of debt. Thus, the equity has value at the 
maturity of the debt only if the assets of the firm are 
worth more than the face value of the debt. Equity 
behaves as a call option with a strike price equal to the 
face value of debt. 

If the goal is to value the debt of a firm, then sub- 
tracting the option-pricing-based value of equity from 
the value of the assets gives the value of the debt of the 
firm. Dr. Reitano suggests a similar approach to pricing 
insurance liabilities. The liabilities are treated as the 
debt of the firm. They can be valued by subtracting the 
equity value from the value of the finn's assets. In his 
paper, Dr. Reitano suggests this approach in the equa- 
tion MVL = MVA -MVE, where MV is market value and 
L, A, and E axe liabiliU.'es, assets, and equity, respectively. 
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He discusses some implementation issues, but essen- 
tially abandons the option-pricing approach in favor of 
a cash-flow analysis essentially similar to the direct par- 
adigm. 

A good example of an application of option pricing 
to valuing insurance liabilities can be seen in Phillips, 
Cummins, and Allen (1995). In this paper the distribu- 
tion of asset values is modeled, and the equity and lia- 
bilities are treated as contingent claims on the assets. 
The authors present a thorough discussion of issues 
relating to implementing a model of this sort. 

Obtaining Market Values through 
Securitization 

The fundamental challenge to the application of 
either approach is that insurance liabilities are not cur- 
rently traded in an active secondary market. In their cur- 
rent form, it is unlikely that an active market for 
insurance liabilities will develop. The heterogeneity of 
contract forms and provisions is a serious barrier to the 
formation of a secondary market. Secondary markets 
are far more likely to form where there are a large num- 
ber of homogeneous securities. The more specialized a 
security, the less likely that an active secondary market 
will form. 

Recall that in either equilibrium or arbitrage valua- 
tion some assumptions about distributions and prices of 
fundamental securities were taken as given. While not 
mentioned explicitly in the preceding discussion, the 
contractual details were implicit in valuing a security. 
For example, in bond pricing the face value, maturity 
date, coupon rate, option-like provisions, and issuer 
must all be known to derive a value for the bond. Simi- 
larly, in pricing a call option the strike price, expiration 
date, and exercise provisions must all be known to 
value the option. 

Prior to securitization, mortgages came in a vast 
array of flavors and varieties with widely differing 
terms and qualification requirements. Securitization 
drove mortgages toward homogeneity. Now, most mort- 
gages are bundled and sold into a secondary market. In 
order to do this, mortgage issuers must use standardized 
terms and qualification requirements. This allows mort- 
gages issued by a variety of mortgage lenders to be bun- 
died into MBS and traded in a secondary market. 
Currently, the heterogeneity of insurance liabilities pro- 
hibits bundling and trading in a secondary market. 

However, securitization would force homogeneity of 
products in order to bundle and trade liability-backed 
securities. 

The value of securitization can be seen in the state- 
space framework. Heterogeneity of contracts means 
that a large number of fundamental securities are 
required to span the state space. As in the option-pricing 
problem, where a stock and a riskless bond could 
dynamically span the option's state space, homoge- 
neous insurance liabilities would require fewer funda- 
mentalsecurities to span the state space of the liabilities 
to be valued. Furthermore, the existence of an active 
market for securitized insurance liabilities would pro- 
vide the market values necessary for valuation. 

However, there are some potential hurdles to securi- 
tization of insurance liabilities. Hart and Lai (1995) sug- 
gest that securitization is unlikely because (1) it is 
costly to transform unstable cash flows from insurance 
products into fixed-income securities, (2) regulation 
does not allow insurers to take the securitized assets or 
liabilities off the insurer's balance sheet, and (3) insur- 
ers have little need for using securitization to diversity 
asset portfolios. However, these hurdles could be over- 
come if the potential benefits of an active secondary 
market in blocks of insurance liabilities were perceived 
to be valuable. 

Conclusion 
Financial pricing models offer a rich source of tools 

for application to insurance-related securities. However, 
a correct understanding of the approaches to valuation 
is necessary for useful implementation of these finan- 
cial models. Dr. Reitano provides an invaluable discus- 
sion of issues relating to implementation of financial 
pricing. This paper adds a more thorough discussion of 
the approaches to financial modeling. In addition, the 
paradigms presented by Dr. Reitano are placed in the 
context of the approaches to financial modeling and ref- 
erences to other work in this area are provided. 
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Author's Reply 
I thank Drs. Babbel, Ho and Merrill, and Messrs. 

Cohen, Duran and Girard for their stimulating and valu- 
able discussions of my paper. 

Dr. Babbel states that a "useful question to begin our 
valuation of liabilities is: How much money would I 
need today to satisfy completely, on a probabilistic 
basis, the obligations imposed on me through the insur- 
ance policies I have written?" On first reading, I 
expected the conclusion to be that the indirect paradigm 
was preferred, because indeed, MVA-MVE is exactly 
what an insurer needs to pay to a block purchaser today 
to assume these obligations. Consequently, this amount 
works with probability 1. However, Dr. Babbel rejects 
this answer because he wisely prefers to "not descend 
the slippery slopes that surround the quagmire of equity 
valuation." He notes that the MVE value also reflects 

the net value of insurer default put options, franchise 
value, and so on, which is problematical for the given 
purpose, even though agreeing that this is approxi- 
mately fixable. 

Instead, Dr. Babbel prefers the direct paradigm. He 
examplifies a $100 GIC liability that can be repur- 
chased in the open market for $98, and concludes that 
repurchase is not as attractive as it first appears because 
the insurer also loses $2 of put option value. In my 
opinion, the repurchase is attractive because it allows 
the insurer to monetize the option and increase surplus 
by $2. Holding the liability provides no such benefit; 
the put option value only accrues to the benefit of the 
contract-holders. 

Dr. Babbel then reiterates and expands upon various 
considerations associated with these valuations and 
only later reveals his recommended valuation proce- 
dure. Namely, liabilities should be. valued to equal the 
cost of default-free securities required today to meet 
expected liability payments. Simply put, liabilities 
should be valued with the direct paradigm, using Trea- 
sury rates for discounting. 

While I agree with Dr. Babbel's conclusion that this 
approach has some merit, and he cites four advantages, 
I believe this valuation is unduly conservative. In 
essence, this valuation produces a "maximum" feasible 
liability value since an insurer could hold Treasury 
bonds as assets and require no additional reserves or 
capital. Such a company would simultaneously be as 
financially solid as the U.S. government and infinitely 
leveraged. Conversely, valuing liabilities on quality 
spreads consistent with the insurer's credit quality, as I 
prefer, provides liability values consistent with the 
insurer's other debt and capital structure, as reflected in 
its credit rating. 

Mr. Cohen begins his discussion on a rather dour 
note, citing Albrecht's conclusions on why financial 
theory should not be applied to the insurance markets. 
Perhaps Albrecht has allowed the perfect to be the 
enemy of the good, since after all, what financial mar- 
ket precisely obeys the assumptions made in the associ- 
ated pricing models? Of course, neither Albrecht nor 
Cohen is all wrong; the insurance liability market is 
messy at best, probably messier than most, and forces 
us to "value anything to find the price of everything." 

He later seems to find some merit in the approaches 
discussed, but rightfully throws down the gauntlet on 
the issue of "model prediction," noting that "it will be 
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interesting to check how well these models correspond 
to actual market behavior." 

Mr. Duran proposes an alternative approach to the 
definition of the market value of a liability, or as he pre- 
fers, the "fair value" While he prefaces his definition 
with the objective of meaningful financial reporting, an 
objective I disagree with, his definition is ultimately 
consistent with mine, referencing an amount needed to 
be paid to an unrelated third party, but avoids my 
assumption of a "hypothetical active market." 

Because of this, no unique price of a liability is 
ensured by the law of one price, and Mr. Duran needs to 
somehow translate the range of possible prices obtained 
from various potential buyers to a single "fair value," 
citing the average value and minimum value as two pos- 
sibilities. Another consequence of this approach is that 
the derived fair value reflects only the assuming 
insurer's view of the liability cash flows, so most char- 
acteristics of the original insurer are irrelevant to this 
fair value. 

From a practical perspective, however, I am not sure 
what is gained. I believe that we have simply replaced 
valuation issues related to the original insurer with 
those related to a hypothetical assuming insurer, which 
Mr. Duran suggests can be defined as "currently 
accepted industry views." Naturally, this provides con- 
sistency in valuations, as does Dr. Babbel's proposal, 
but my concerns about the appropriateness for a given 
insurer persist. 

Finally, Mr. Duran states that "the definition of lia- 
bility fair value as being equal to the fair value of the 
corresponding asset is also not a useful definition for 
financial reporting purposes," because it reflects the 
issuer's credit quality and hence will change with the 
issuer's credit rating. I do not see the credit rating con- 
nection to be any more problematical than the interest 
rate connection. Why are valuation changes associated 
with Treasury yield curve changes acceptable, but those 
associated with spread changes not acceptable? 

While I defer to Mr. Duran that these effects may be 
unacceptable for financial reporting purposes, I do not 
believe that financial reporting should drive "market" 
valuations. I believe that "fair" or "market" value of 
assets and liabilities should be defined on the basis of 
appropriate finance theory and practice. Following that, 
and as an entirely separate endeavor, accounting profes- 
sionals should determine to what extent changes in 
these values should be immediately booked to income, 
versus reserved or otherwise smoothed. Thsoe determi- 

nations shduld be based on generally accepted and well 
developed principles of financial reporting. 

Mr. Girard's perspective that liability valuation is a 
means to an end is on point. That "end" may be perfor- 
mance measurement of shareholder equity management 
as he states, or the basis for asset/liability management 
as I emphasized, or any one of a number of other useful 
ends, not the least of which may be interest in selling a 
given liability. 

He then provides a good summary of the issues that 
make insurance liability valuations challenging, with 
special emphasis on the problems associated with 
attempting valuations using yield curve scenarios in the 
"real" measure, or P measure. While I was perhaps 
unclear in my paper, I certainly agree with Mr. Girard's 
conclusion that the martingale measure (that is, risk- 
neutral valuation) is preferred for interest rate contin- 
gent claim valuation, because one immediately avoids 
the primary problem of the real measure, that being the 
estimation of the market's utility function. 

I agree with Mr. Girard's observation that at least 
part of the sensitivity of the indirect paradigm's valua- 
tions to changes in accounting basis or asset strategy is 
associated with not making appropriate changes in the 
discount rates. I also agree that one can determine dis- 
count rate shifts that neutralize these assumption 
changes. What I believe to be the crux of the issue, as I 
noted in my paper, is the determination of the appropri- 
ate finance-theoretic mechanism for mapping these 
assumptions to a discount rate or spread that then neu- 
tralizes these changes. Simply reverse-engineering dis- 
count rate changes to do the job is unsatisfying. This 
finance-theoretic mechanism would also give us the 
unambiguous value for MVE and the corresponding 
implied value for MVL. 

What is also needed, as noted before, is a finance- 
theoretic mechanism for determining the spreads neces- 
sary for valuing MVL directly. Whether or not these 
mechanisms, when better developed and understood, 
produce comparable values of MVL, as Mr. Girard 
claims, is as yet to be seen. Certainly, as I note in my 
paper, if both the long and short liability markets were 
deep and active, there would be little doubt that the 
traded MVL value would equal the value produced by 
either calculation paradigm. 

Dr. Ho provides a nice synopsis of the finance theory 
underlying the proposed paradigms. In reviewing the 
two paradigms, I do not agree that, "In the direct meth- 
odology, a liability is viewed in isolation from the 
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insurance company.,' Of course it could be, and Dr. 
Babbel and Mr. Duran propose valuation procedures 
that provide this independence. Each views the liability 
from the perspective of the long position (that is, the 
insured), which when considered within the context of 
state guaranty ~nd  put options, should be valued on 
Treasury or Aaa/AAA rates, or if it is recognized that 
such funds are supported by general insurer assess- 
ments, liabilities should be valued on industry average 
quality spreads or spreads consistent with "currently 
accepted industry views.,' 

However, my proposal is to view the liability from 
the perspective of the short position, or insurer, and for 
this purpose the insurer's credit rating is material to the 
determination of valuation spreads. As noted before, 
this approach provides liability values consistent with 
the insurer's other debt and capital structure, as 
reflected in the insurer's rating. 

Dr. Ho notes an important similarity between the 
proposed paradigms, namely, that their valuation princi- 
ples are the same. He also reiterates the need for addi- 
tional research in the 'area noted by Mr. Girard. As he 
states, "To date, research has not successfully incorpo- 
rated the arbitrage-free valuation concept into the cor- 
porate financial theory of Miller and Modigliani." 

Dr. Merrill provides welcome additional structure 
and references for the finance theory underlying the 
proposed paradigms, delineating equilibrium models 
from arbitrage, or contingent claim, models, and 
embedding the direct and indirect paradigms into this 
framework. 

He ends his discussion with the interesting observa- 
tion that the heterogeneity of insurance liabilities makes 
it difficult to trade them directly, and even difficult to 
securitize them to facilitate trading. However, citing the 
residential mortgage market as a case in point, he notes 
that efforts toward securitization might well make lia- 
bilities more homogeneous and tradable. Unfortunately, 
he also cites several obstacles to the eventual evolution 
of such securitizations. Perhaps Mr. Cohen will not get 
his wish of checking the prices produced by the pro- 
posed models. 

In summary, let me again thank Drs. Babbel, Ho, and 
Merrill, and Messrs. Cohen, Duran and Girard for their 
thoughtful and though-provoking discussions and addi- 
tional references to the literature. 

End Notes 
1. These elements of value were described more fully 

in Babbel (1994, 1997). 
2. A good example of this approach is given by Asay, 

Bouyoucos, and Marciano (1993). 
3. An option-adjusted spread is a "fudge factor" of 

sorts to capture in the interest rate lattices or paths 
the mispricing of the security based on the model 
price versus the market price. [See Babbel and 
Zenios (1992).] It is common to calculate option- 
adjusted spreads based on some fixed level of vola- 
tility for purposes of historical charting, but when 
the securities are priced, the volatility assumed 
should relate to the future period over which the 
mortgages will be repaid. 

4. In the traditional application of state-contingent 
pricing, the cash flows are completely determined 
(and therefore certain) by the state that emerges. 
Obviously, this would not be the case with insur- 
ance liabilities unless the definition of the state 
were inclusive of many more factors than merely 
interest rates. This is precisely analogous to the 
problem of MBS pricing, where prepayment speeds 
were not completely determined by factors 
included in the pricing models. In such cases, we 
take the state-contingent expected payments and 
discount them by the interest rate paths that give 
rise to them. 

5. Albrecht, P. 1994. "Financial Approach to Actuarial 
Risks?" 2nd AFIR International Colloquium, 
Brighton, England, Vol. 4, pp. 227-47. 

6. Girard, Luke N. 1996, "Valuation of the Insurance 
Enterprise" Lincoln Investment Management, Inc. 
working paper. 

7. Ingersoll (1987) provides a more thorough discus- 
sion of financial valuation. 

8. See Babbel and Merrill (1996) for a more complete 
treatment of the valuation of interest-sensitive cash 
flows. 

9. See, for example, Albizzati and Gaman (1994) for 
an application to valuing embedded options in life 
insurance products. 

10. For example, Cummins, McDonald, and Merrill 
(1997) show how to apply a broad variety of distri- 
butions to the modeling of long-tailed liability dis- 
tributions. 
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