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Abstract

The development of a complete financial structure in-
cluding balance sheet, income and cash flow statements,
coupled with conventional accounting and economic val-
uation rules, provides the foundation from which risk-
adjusted discount rates and liability betas can be de-
termined. Since liability betas cannot be measured di-
rectly, a shift in focus is proposed to one based on mea-
sures more readily available and better understood, such
as cost of capital, equity beta, leverage, etc. The risk-
adjusted discount rate is shown as a function of these
variables based on the developed financial structure and
valuation framework.
The liability beta is then shown to follow as a con-

sequence, also to be calculated as a function of these
same variables. The risk-adjusted discount rates that re-
sult are less than the risk-free rate and the liability betas
are negative to a greater degree than often suggested.

1



job no. 1969 casualty actuarial society CAS journal 1969D03 [2] 11-08-01 4:58 pm

2 RISK-ADJUSTED DISCOUNT RATES AND LIABILITY BETA

Several relationships are demonstrated including:
risk/return versus leverage, equity beta versus liability
beta, and underwriting profit margin related in turn to
loss payout, investment yield, market risk premium, and
leverage.

1. SUMMARY

The original Myers–Cohn “model” [11] presented basic prin-
ciples of discounted cash flow, with losses risk-adjusted, for use
in the determination of a “fair” premium in ratemaking. Determi-
nation of the risk adjustment to be used in discounting, a critical
model parameter, was based on the liability beta. Unfortunately,
determination of liability beta has proven to be both elusive and
controversial, since data does not exist to support its direct mea-
surement. As a consequence, arguments in rate hearings regard-
ing the value of liability beta have become influenced more by
subjective matters, such as one’s philosophical view of the role
of insurance in society, than by concrete facts. The ratemaking
focus must be brought back to one based on analytics and sup-
ported by financially based, quantifiable assumptions and data.
In the end, some means must be established for more rigorously
incorporating underwriting risk and variability in the ratemaking
process.

While elegant in many respects, what Myers–Cohn first pre-
sented was more conceptual than substantive, and it lacked many
elements needed to permit its use in a ratemaking environment.
Successful implementation of these concepts in a ratemaking
context requires the development of a more complete and so-
phisticated financial model structure. At a minimum, the means
to determine the rate of return implied by a particular insurance
rate must be provided. In addition, the present overly subjective
practice by which liability beta is selected in Massachusetts must
give way to a more rigorous and quantifiable one.

The purpose of this paper is to first recap the essential changes
that need to be made to the Myers–Cohn model, presented in
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detail in [3], to round it into a complete financial model con-
taining the key components of total return. Second, the impor-
tance of using after-tax discount rates and the equivalency of net
present value rates of return and internal rates of return that fol-
low as a consequence is reviewed (also discussed in detail in [1],
[2] and [3]). This foundation provides the critical model struc-
ture and valuation framework from which risk-adjusted discount
rates and liability beta can be determined.

An important principle is introduced—that being that the risk-
adjusted total rate of return must equal the risk-free rate. This
fundamental principle provides a stepping stone from which a
direct estimate of the liability beta becomes possible within the
total return framework. Liability betas are shown in relationship
to the total return to shareholders, and the linkage with equity
betas demonstrated. The sensitivity of the underwriting profit
margin to variations in loss payout, investment yield, market risk
premium and leverage is demonstrated and discussed.

Liability betas cannot be directly measured, and Cummins
and Harrington [6] and Fairley [9] presented approaches to esti-
mate them. Kozik [10] discussed the many problematic aspects
of the Capital Asset Pricing Model (CAPM) and liability beta
theory, demonstrating why any estimate of liability beta is likely
to be subject to much debate. It is important to keep in mind,
however, that the development of a liability beta is a secondary
objective to that of determining the appropriate risk-adjusted dis-
count rate. This paper proposes a shift in focus from liability beta
to one based on measures more readily available and better un-
derstood, such as cost of capital, equity beta, leverage, etc. The
risk-adjusted discount rate will be shown as a function of these
variables. While not essential to this ratemaking process, the lia-
bility beta which must follow as a consequence can be calculated
as a function of these same variables, if one desires to do so.

The shift to a total return focus supported by equity betas and
indicated cost of capital requirements, gives rise to the discussion
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of another important principle—the need to maintain consistency
in financial leverage and equity beta due to the influence of lever-
age on the magnitude and volatility in shareholder returns.

2. TOTAL RETURN MODEL

Practitioners recognize that a more rigorous financial model
framework is necessary to implement the basic Myers–Cohn
principles (see [3] and [7]). A brief overview of Myers–Cohn
and the “fair” premium determination is given in the Appendix.
In addition to adding the missing elements needed to provide
the complete total return model framework necessary to sup-
port ratemaking, some of the more critical “shortcomings” of
the original Myers–Cohn presentation which must be addressed
include:

1. A single period focus, utilizing the rather simplistic
premium-to-surplus relationship, which avoids dealing
with more involved issues that follow from the need to
link surplus flows to policyholder liability flows over a
multi-period timeframe.

2. The simplified view in which only losses are risky (i.e.,
require use of a risk-adjusted discount rate). Other un-
certain underwriting cash flows, and variables such as
underwriting income tax and surplus, which are depen-
dent on losses, also require risk adjustment.

3. The reliance on a liability beta, needed within the CAPM
framework to develop an estimate of the required risk
adjustment, for which no direct measurement or actual
data exists.

As discussed in detail in [3], several changes listed below are
required in order to convert the Myers–Cohn model into a total
rate of return model:

1. Introduce surplus flows into the model, including related
investment income.
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2. Separate and clearly delineate income from (a) under-
writing, (b) investment of policyholder funds, and (c)
investment of shareholder surplus.

3. Construct balance sheets and income statements, valued
on both a nominal and a present value basis, given the
respective cash flows. The present values of liabilities
and surplus are of particular importance.

4. Discount all flows using after-tax rates, whether risk-free
or risk-adjusted rates.

5. Develop rate-of-return measures from the net present
value income components (underwriting income, oper-
ating income, and total income) by forming a ratio to the
relevant balance sheet liability item. Display net present
value calculations both with and without risk adjustment.

6. Discount surplus and underwriting taxes, also on a risk-
adjusted basis, to the degree they are influenced by
losses. Surplus is determined by use of a leverage ra-
tio relative to liabilities inclusive of loss. Therefore, both
surplus and underwriting taxes, which are both affected
by loss, must also be risk-adjusted for the portion so af-
fected. As in the case of losses, display net present value
calculations both with and without risk adjustment.

7. Control surplus flows through a linkage with liabilities,
with respect to both amount and timing.

8. Distribute operating earnings in proportion to the liabil-
ity exposure over the period for which exposures exist.
Essentially this rule distributes operating earnings in pro-
portion to the loss reserve over time.

The above changes are merely those that permit Myers–Cohn
to enter into the discounted cash flow/net present value family
of models. The first six represent change with respect to model
structure and analytics; the last two represent rules that specify
the pattern of surplus flows and earnings realization based on
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relationships between risk and return. The Appendix provides a
recap of these steps, converting Myers–Cohn into a net present
value total return model. D’Arcy and Dyer [8] review many im-
portant principles with respect to discounted cash flow and other
models in a broad economic context.

The introduction of surplus, via the leverage ratio, is necessary
if a total rate of return is to be calculated. This provides an indi-
cation as to whether the cost of capital is being met, along with
insurance costs, as specified in the actuarial ratemaking princi-
ples.

As a result of these steps, equivalency is achieved in rates of
return, whether determined on a net present value, internal rate
of return, or shareholder return basis. This is reviewed in the
Appendix and discussed in detail in [2] and [3]. An important
element in this reconciliation is the proper reflection of taxes
with respect to discounting and the time value of money. This
area is worthy of review.

3. AFTER-TAX DISCOUNTING

The economic value that can be realized over time by holding
onto an asset is determined through the process of discounting.
The reasonably risk-free, pre-tax rate at which an asset can be
invested, net of the tax payable on such implied investment in-
come, is the rate that fully reflects the economics involved.

While it is common to see models that use pre-tax discounting
(and some of these introduce taxes as a last step), this is incor-
rect in principle. Insurance companies are tax-paying entities,
obligated to pay taxes on income (including investment income)
as earned. Thus insurers realize only an after-tax economic re-
turn on their investments. Just as bottom-line net income from
underwriting is top-line premium less underwriting expense and
tax, bottom-line net income from investment is top-line pre-tax
investment income less investment expense and tax. Simply put,
taxes are a significant expense that cannot be ignored.
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To illustrate this point, consider a $1,000 asset to be held
for one year, with risk-free government yields available of 6%.
At the end of a year $60 of pre-tax investment income will be
realized, and be subject to tax. At a 35% tax rate, only $39 will
remain, the net economic value generated from this asset. The
effective earnings rate is thus 3.9%, or 6% taxed.

Now suppose a claim for $1,000 is to be paid in one year.
If one assumes that the present value can be based on a pre-tax
interest rate of 6%, then only $943 need be set aside to cover it
($1,000 discounted with a factor of 1.06). The $943 will grow
at 6% to $1,000; however, tax will have to be paid on the $57
dollars of income, leaving the company short of the $1,000. The
necessary amount that must be set aside to cover the claim is
actually $962 ($1,000 discounted with a factor of 1.039). The
$962 will earn interest of $58 dollars, less a tax of $20, leaving
the company with the necessary $1,000 to pay the claim. Thus
the economic value associated with the $1,000 loss payable in
one year is $38, and the discounted loss reserve is $962 at the
beginning of the year.

While models that apply taxes to calculate the final answer in
a last step may be reasonably accurate and simpler to construct,
this is akin to assuming a life-insurance-like inside buildup, and
the degree of error will increase as the holding period extends
beyond a single year.

4. DERIVATION OF RISK-ADJUSTED DISCOUNT RATE AND
LIABILITY BETA

The model framework supporting the calculation of a rate of
return, both with and without risk adjustment, with taxes fully
reflected in the discount rate, provides the key to being able to
directly estimate liability beta. The following principles will be
utilized in conjunction with the rate of return model:

(i) If no adjustment is made for risk in the discount rate, then
the total calculated rate of return must equal the required cost
of equity, whereas,
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(ii) if all risk is taken into account in the discount process, then
the total calculated rate of return must equal the risk-free
rate.

These principles simply state that rates of return should normally
equal the cost of equity when no adjustment is made for risk in
the discount rate, but that they should equal the risk-free rate in
the absence of risk, as occurs when risk-adjusted discount rates
are used. The first principle is simply a statement that total return
should equal the cost of capital.

The second principle is at the core of the risk adjustment pro-
cess with respect to rate of return. The purpose of risk adjustment
is to adjust mathematically for risk such that the result becomes
comparable to other such risk-adjusted rates of return. Usually
this process targets the adjusted result to a common reference
point represented by the risk-free rate of return. In the case of
discounted cash flow calculations, this involves an economically-
based formula that reflects the time value of money. The impor-
tant point is that the risk adjustment to the discount rate has the
effect of mathematically accounting for (i.e., eliminating) risk so
that the resulting risk-adjusted total return is the risk-free rate.
If this were not the result, then by definition further risk would
remain and the risk adjustment process would not have been
complete.

The rate of return model formulation, both with and without
risk adjustment, will be used to demonstrate by way of sim-
ple examples how the required risk adjustment and liability beta
can be determined directly. For simplification in the examples
presented here, expenses will be assumed to be zero, premium
to be fully collected at policy inception (i.e., at time 0), taxes
paid without delay, and losses fully paid on a single date. Only
losses will be assumed to require risk adjustment. The formulas
used below for calculating net present value rates of return are
presented in detail in [3], [4] and [5], and are reviewed in the
Appendix.



job no. 1969 casualty actuarial society CAS journal 1969D03 [9] 11-08-01 4:58 pm

RISK-ADJUSTED DISCOUNT RATES AND LIABILITY BETA 9

First, given loss (L), tax (T), before-tax interest rate (Rb), loss
payment date (N), liability/surplus leverage factor (F), equity
beta (¯e) and the market risk premium (Rp), a premium (P) is
determined that generates a total return, without risk adjustment,
equal to the CAPM-based cost of equity of Rb+¯eRp:

(P!L)(1!T) +L"1!1=(1+R)N#
L"1!1=(1+R)N#=R F+R = Rb+¯eRp: (1)

Second, this premium (P) is used to determine the after-tax risk
adjustment (RL) that produces a risk-adjusted total return equal
to the risk-free rate:

(P!L)(1!T)+L"1! 1=(1+R+RL)N#
L"1!1=(1+R+RL)N#=(R+RL)

F+R = Rb: (2)

Finally, the implied liability beta is determined using the rela-
tionship:

¯L = RLb=Rp = "RL=(1!T)#=Rp,
with required assumptions for:

Rb: Interest rate, before-tax

R: Interest rate, after-tax

L: Loss

F: Liability/surplus leverage factor

Rp: Market risk premium

¯e: Equity beta,

and the following derived by formula:

P: Premium

RL: Risk discount adjustment, after-tax

¯L: Liability beta

RLb: Risk discount adjustment, before-tax.
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FIGURE 1

Baseline Risk/Return Line vs. Leverage

Average loss payout=3 years
Equity beta=1.0
Investment yield before-tax=6%
Market risk premium=7%

Note: Each line will produce a 13% total return when the actual leverage is the same
as the base leverage was when the equity beta was determined to be 1.0.

Formula (1) expresses the sum of after-tax underwriting in-
come and the present value of investment income on loss re-
serves, in ratio to the present value of balance sheet loss reserve
liabilities. This is the operating return, and it is multiplied by
leverage and the investment return on surplus is added to produce
the total return. Formula (2) differs only by the introduction of
the risk discount adjustment. These formulas are simplified due
to the assumptions that premium is collected at policy inception,
expenses are zero, there is no delay in tax payments, and that
losses are paid in a single payment. Formulas (1) and (2) are
reviewed in more detail in the Appendix.

These basic relationships were used to produce Figures 1–
7, which demonstrate various relationships among the variables.
Figure 1 establishes a base point of reference by demonstrat-
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ing the relationship between leverage and return at three given
leverage levels. In practice, the measured equity beta and CAPM
target cost of capital are at some “typical” leverage. If leverage
were to be higher, then the required return would be higher, and
if leverage were to be lower, then the required return would be
lower. Presumably this would affect measured equity betas. This
interplay between leverage, return and risk should be considered
when solving for the target premium.

The actual leverage level is an extremely important, yet often
overlooked aspect of risk and return. Leverage simultaneously
and similarly affects both return and risk, as measured by the
variability in return. All else being equal, higher leverage should
produce greater returns (i.e., higher cost of capital) and greater
variability in returns. Although one might expect higher betas
to be produced when leverage is higher, this aspect is seldom
considered when they are calculated and published. Given the
significant impact of leverage, and since industry leverage has
been declining steadily over the past several years, three specific
values were selected to represent this range and to reflect this
dynamic in the following discussion. The fact that insurance in-
dustry equity betas today are around 1.0 is consistent with the
effect that large amounts of surplus and low leverage have in sup-
pressing variability in return, and in making insurer returns align
more closely to overall market returns. Both the cost of capital
and equity beta are expected to flex with leverage changes over
time.

Three base leverage levels (2.0, 3.0 and 4.0) have been as-
sumed. These represent three possible levels of leverage in exis-
tence at the point in time when the equity beta was determined
to be 1.0. Actual leverage may subsequently vary from these re-
spective base points as shown by the three lines on the chart.
Each of the lines, however, must produce a total return of 13%
when the actual leverage matches the base level corresponding
to the original calculation of the equity beta. This is the CAPM
framework in which the cost of capital (13%) is equal to the
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FIGURE 2

Equity vs. Liability Beta

Average loss payout=3 years
Investment yield before-tax=6%
Market risk premium=7%

risk-free rate (6%) plus the market risk premium (7%) times the
equity beta (1.0). These lines are used in the analysis to adjust
the total return target up or down if actual leverage increases or
decreases from the respective base.

5. LIABILITY BETA

Following the steps discussed above, the liability betas deter-
mined by formula are shown in Figure 2 in relationship to equity
betas. The example shown is for a three-year loss payout, 7%
market risk premium, and 6% risk-free yield. The liability beta is
negative in all cases. The magnitude shown here is substantially
more negative than most of the literature has indicated. This is
likely due to the fact that more sources of risk (i.e., variability)
exist than may have been recognized by previous measures that
have assumed that losses alone are risky. This narrow assumption
excludes sources of risk from the variability in the timing of loss
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payout and the variability in the amount and timing of all other
cash flows, including premium, expense, tax and investment.

One would hope that liability betas would be estimable within
a more narrow range than that shown in Figure 2. Since total
returns are affected by leverage, it would seem logical to ex-
pect that equity betas would flex to some degree as leverage
changed, whereas liability betas should be relatively unaffected
and more stable. Increasingly more negative liability betas oc-
cur when moving from the upper, higher leverage line to the
lower, less leveraged line in Figure 2. More negative betas are
what should be expected given the historical trends in declin-
ing industry leverage and the likely delay in market response in
forcing equity betas down proportionally in line with this.

The fact that the liability beta must be negative is intuitively
obvious. Suppose that a $1,000 loss payable in one year is to
be reinsured (100%), with risk-free rates at 6%. If the amount
and timing are both absolutely certain, it should be possible to
find a reinsurer who would agree to assume the loss obligation
for a premium of $962 ($1,000/1.039). If, on the other hand,
losses are uncertain, the additional risk transfer that occurs from
the insurer to the reinsurer requires that the reinsurer receive
additional compensation. The reinsurer will require a premium
greater than $962. In other words, the risk-adjusted discount rate
must be less than the risk-free rate, and liability beta must be
negative.

The degree to which the risk-adjusted discount rate must be
less than the risk-free rate is shown in Figure 3, for the same
example, and also in relation to the equity beta.

Although low leverage would not generally be associated with
a large equity beta, this extreme (lower right, bottom line in Fig-
ure 3) would result in a negative risk-adjusted discount rate. In
other words, the discounted liability would be greater than the
nominal liability. A sufficiently large surplus base, without cor-
responding reductions in the equity beta and the cost of capital,
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FIGURE 3

Equity Beta vs. Risk-Adjusted Discount Rate
(After-Tax)

Average loss payout=3 years
Investment yield before-tax=6%
Market risk premium=7%

impose an unrealistic burden on insurance pricing. This is the
true essence of “surplus-surplus” as discussed at times in the
ratemaking context. This will be explored further below with
respect to the underwriting profit margin.

6. UNDERWRITING PROFIT MARGIN

The ultimate goal in ratemaking is to determine the premium,
given assumptions on all costs and financial conditions, that in
some way is “fair” to policyholders and owners of the company
alike. Figures 4–7 present the premium rate as an underwriting
profit margin as a function of loss payout, investment yield, mar-
ket risk premium, and leverage, respectively.

In each of the examples, the base leverage cases (2.0, 3.0
and 4.0) require liability betas of approximately !0:8, !0:5, and
!0:4, respectively. Underwriting profit margins typically become
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FIGURE 4

Underwriting Profit Margin vs. Loss Payout

Investment yield before-tax=6%
Market risk premium=7%
Equity beta=1.0

more negative (i.e., higher combined ratios) when loss payouts
lengthen as shown in Figure 4, due to the greater investment in-
come that will be generated prior to loss payment. This is shown
in the lower two lines on the chart. However, as noted above,
when leverage levels become so low as to create burdensome
amounts of surplus, the opposite can happen if cost of capital
and equity betas are not adjusted. This is the case in the upper
line in Figure 4, in which the cost of equity and the equity beta
have not been altered to reflect the lesser risk implied by the
lower leverage. If the equity beta were to decline to at least 0.8
(and the capital target return decline to 11.6% from 13.0%) in
this example, this effect would be avoided, with the resulting
expected downward sloping line.

As investment yields increase, underwriting profit margins de-
teriorate as shown in Figure 5. While this sounds a bit like cash
flow underwriting, if premium rates are to fully reflect the ben-
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FIGURE 5

Underwriting Profit Margin vs. Investment Yield

Average loss payout=3 years
Equity beta=1.0
Market risk premium=7.0%

efit of higher yields, this is the result. It is important, however,
that individual policy or accident periods be self-sustaining, and
that historical portfolio yields not be used to subsidize new writ-
ings, truly the negative sort of cash flow underwriting that has
occurred in the past in the industry.

As in the previous example, the burden on underwriting when
leverage is low is shown on the top line, upper left. Here again,
the equity beta and cost of capital have not responded to the
lower leverage-induced risk.

The effects of the market risk premium on rates and the profit
margin are shown in Figure 6. Clearly, higher required risk pre-
miums lead to higher required total return and higher premium to
achieve it. Once again, the importance of achieving consistency
in the leverage and the measured equity beta and the resultant
cost of capital target is evident by the wide spread between the
three lines on the chart.
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FIGURE 6

Underwriting Profit Margin vs. Market Risk Premium

Average loss payout=3 years
Equity beta=1.0
Investment yield before-tax=6%

The relationship between leverage and the profit margin is
shown in Figure 7. Note the severe impact caused when lever-
age is very low. If target returns are to be achieved when leverage
declines to very low levels, significant increases in premium are
required. Once again one has to question at what point surplus
levels become “excessive” in relation to current writings, and
whether it is reasonable to require target rates of return on the
full amount of surplus beyond this point. Perhaps the current low
levels of industry leverage are now creating just such a dilemma
in which it is becoming increasingly difficult to generate ade-
quate returns on the entire amount of surplus available.

7. CONCLUSION

This paper has presented a methodology for the direct de-
termination of risk-adjusted discount rates and liability betas.
It involves the utilization of a “complete” total rate of return
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FIGURE 7

Underwriting Profit Margin vs. Leverage

Average loss payout=3 years
Equity beta=1.0
Investment yield before-tax=6%
Market risk premium=7%

model (albeit in simplified form) in which rates of return can
be determined both with and without risk adjustment. The to-
tal return without risk adjustment must equal the target cost-of-
capital-based return. The total return with risk adjustment must
equal the risk-free rate. Within this formulation it is important
that taxes be reflected by utilizing discount rates on an after-tax
basis.

This formulation provides the capability to directly determine
the required risk-adjusted discount rate and liability beta, given
standard underwriting financials, leverage factor, market risk pre-
mium and equity beta. The risk-adjusted discount rates that result
are less than the risk-free rate and the liability betas are negative,
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to a much greater degree than are often suggested. In no instance
are they positive.

The important influence of leverage, and the need for con-
sistency with the cost of capital and equity beta measurements,
are noted. Subsequent changes in leverage require adjustment to
these critical CAPM parameters. While the estimation and ap-
plication of equity beta and the cost of capital are not without
debate, at least there is a wide body of comparative data avail-
able to help judge the reasonableness of the results. This is not
the case with respect to liability beta.

Hopefully, in the future the conceptual dialogue over risk ad-
justment and liability betas can be made more meaningful by
combining clearly specified parameter assumptions into a con-
crete total return model framework, such as has been presented
in this paper.
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APPENDIX

The following example provides high-level balance sheet, in-
come and cash flow statements. These are used to demonstrate
various rate of return calculations and to show the resulting
equivalency between conventionally reported rates of return and
net present value rates of return, assuming certain rules are fol-
lowed to control the flow of surplus and to distribute profits.
The net present value rate of return is shown with and without
risk adjustment. Following this, the Myers–Cohn fair premium
approach is briefly recapped, as modified to use after-tax dis-
counting, shown in relation to this same example.

The following financial assumptions form the basis for the
example presented:

$ 103.85% combined ratio

$ $9,629 premium, collected without delay
$ $10,000 loss, single payment at end of year 3
$ $0 expense
$ 35% income tax rate, no delay in payment

$ 6.0% investment interest rate before-tax, 3.9% after-tax

$ No loss discount tax
$ 3.0 liability/surplus ratio.
This example corresponds to the following:

$ 1.0 equity beta
$ 7.0% market risk premium

$ 3.65% liability risk discount adjustment, before-tax

$ !0:521 liability beta.
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Simplified balance sheet, income and cash flow statements are
shown for this example in Table A.1. The rules governing the
flow of surplus are as follows: (1) the level of surplus is main-
tained at a 1/3 ratio with loss reserves, (2) investment income on
surplus is paid to the shareholder as earned, and (3) operating
earnings are distributed in proportion to the level of insurance
exposures in each year, measured by loss reserve levels, relative
to the total exposure. Since loss reserves are equal at $10,000 in
each of the three years, operating earnings are distributed to the
shareholder equally in each year.

Three “levels” of return exist within an insurance company.
The first is the underwriting rate of return, which reflects what
the company earns on pure underwriting cash flows, before re-
flecting investment income on the float. This is a “cost of funds”
to the company. The second, operating return, reflects what the
company earns on underwriting when investment income on
the float is included. This is the “risk charge” to the policy-
holder for the transfer of risk to the company. The third, the
total return, is the net result of underwriting and investment in-
come from operations together with investment income on sur-
plus.

These rates of return can be determined by either a cash-
flow-based internal rate of return (IRR) calculation or by relat-
ing income earned to the amount invested. With regards to the
shareholder total return perspective, the internal rate of return
(IRR) based on cash flows from and to the shareholder indicates
a 13.0% return over the three-year period. The income versus
investment approach (i.e., ROE) relates the income over the full
three-year aggregate financial life of the business to the share-
holder’s investment over this same period. This is shown in both
nominal (i.e., undiscounted) and in present value (discounted,
but without risk adjustment) dollars to produce a 13.0% rate
of return on investment. Furthermore, the return realized by the
shareholder via dividends is also an identical 13.0% in each year.
(This attribute follows from the rules used to control the flow of
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surplus.) When risk-adjusted, the total net present valued rate of
return is 6.0%, which is identical to the risk-free rate.

The operating return, inclusive of underwriting and invest-
ment income, is shown to generate a cash-flow-based internal
rate of return of 3.0%. Equivalently, the operating income of
$910 is a 3.0% return on the “investment equivalent” of $30,000,
the total balance sheet policyholder supplied float upon which
these earnings were generated. Also, $843 of present valued in-
come is 3.0% on the present valued liability of $27,804.

The formulas that can be used to directly determine the net
present value based rates of return, both without and with risk
adjustment, are shown in Tables A.2 and A.3, respectively. The
following variables are used in Tables A.2 through A.4:

P: Premium

Rb: Interest rate, before-tax

L: Loss

R: Interest rate, after-tax

N: Loss payment date

RL: Risk discount adjustment, after-tax

T: Tax rate

UWPT: Underwriting profit tax

NT: Underwriting tax payment delay

IBT: Investable balance investment income tax

F: Liability/surplus leverage factor

S: Initial surplus contribution (L=F):

Myers–Cohn Fair Premium With After-Tax Discounting

The $9,629 premium shown in the example can be derived
using the traditional Myers–Cohn (MC) format, as long as all
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TABLE A.2

NET PRESENT VALUE INCOME, BALANCE SHEET AND RATE OF
RETURN DEFINITIONS, FORMULAS AND CALCULATIONS

WITHOUT RISK ADJUSTMENT

INCOME ITEMS FORMULAS

Underwriting Income (P!L)(1!T)
(9,629! 10,000)(1! 0:35) =!241

Operating Income PV(P)!PV(L)!PV(UWPT)=P!L=(1+R)N!T(P!L)
9,629! 10,000=(1+0:039)3! (0:35)(9,629! 10,000)
= (P!L)!T(P!L)=(1+R)NT +L[(1!1=(1+R)N ]
(9,629! 10,000)! (0:35)(9,629! 10,000)=(1+ :039)0
+10,000[1!1=(1+0:039)2]
Underwriting Income
+ Investment Income Credit on Policyholder Liabilities
! 241+1,084 = 843

Surplus Investment Income R (Surplus)
(0:039)(9,268) = 361

Total Income =Operating Income+ Investment Income on Surplus
843+361 = 1,205

BALANCE SHEET ITEMS

Policyholder Liabilities L(1! 1=(1+R)N )=R
10,000(1! 1=(1+0:039)3)=0:039 = 27,804

Surplus S(1!1=(1+R)N )=R
3,333(1! 1=(1+0:039)3)=0:039 = 9,268

RATES OF RETURN

Underwriting Return on Underwriting Income /Policyholder Liabilities
Liabilities (Cost of !241=27,804 =!0:9%
Policyholder-Supplied
Funds)

Operating Return on Operating Income /Policyholder Liabilities
Liabilities (Risk Charge 843=27,804 = 3:0%
to Policyholder)

Total Return on Surplus Total Income /Surplus
(ROS) 1,205=9,268 = 13:0%
(Shareholder Return)

= (Operating Return on Liabilities)(Liability/Surplus)+R
3:0%(3)+3:9%= 13:0%
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TABLE A.3

NET PRESENT VALUE INCOME, BALANCE SHEET AND RATE OF
RETURN DEFINITIONS, FORMULAS AND CALCULATIONS WITH

RISK ADJUSTMENT

INCOME ITEMS FORMULAS

Underwriting Income (P!L)(1!T)
(9,629! 10,000)(1! 0:35) =!241

Operating Income PV(P)!PV(L)!PV(UWPT) = P!L=(1+R!RL)N
!T(P!L)
9,629! 10,000=(1+0:039! 0:024)3 ! (0:35)
(9,629! 10,000)
= (P!L)!T(P!L)=(1+R)NT +L[(1!1=(1+R!RL)N ]
(9,629! 10,000)! (0:35)(9,629! 10,000)=(1+0:039)0
+10,000[1! 1=(1+0:039! 0:024)3]
= Underwriting Income+ Investment Income
Credit on Policyholder Liabilities
!241+445 = 204

Surplus Investment Income R (Surplus)
(0:039)(9,702) = 378

Total Income Operating Income+ Investment Income on Surplus
204+378 = 582

BALANCE SHEET ITEMS

Policyholder Liabilities L(1! 1=(1+R!RL)N )=(R!RL)
10,000(1! 1=(1+0:039! 0:024)3)=(0:039!0:024) =
29,106

Surplus S(1!1=(1+R!RL)N )=(R!RL)
3,333(1! 1=(1+0:039!0:024)3)=(0:039!0:024) =
9,702

RATES OF RETURN

Underwriting Return on Underwriting Income /Policyholder Liabilities
Liabilities (Cost of !241=29,106 =!0:8%
Policyholder Supplied Funds)

Operating Return on Operating Income /Policyholder Liabilities
Liabilities (Risk Charge 204=29,106 = 0:7%
to Policyholder)

Total Return on Surplus Total Income /Surplus
(ROS) 582=9,702 = 6:0%
(Shareholder Return)

= (Operating Return on Liabilities)(Liability/Surplus)+R
0:7%(3)+3:9%= 6:0%
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discounting is on an after-tax basis, and given a liability beta that
is “consistent” with the equity beta. The traditional MC model
format as shown in [1] is as follows:

P = PV(L)+PV(UWPT)+PV(IBT):

This states that the fair premium (P) is equal to the sum of the
present value of the losses (L), the tax on underwriting profit
(UWPT), and the tax on investment income derived from the in-
vestable balance (IBT). The investable balance includes all pol-
icyholder liabilities (net of premium, loss and expense) and sur-
plus. Note that underwriting expense is combined with loss as
total liabilities in the example in the cited reference. It is sug-
gested that the discount rates be adjusted for risk (i.e., uncer-
tainty), particularly the rate applicable to losses. No mention is
made as to whether discount rates are on a before-tax or after-tax
basis.

The present example differs from the model in [1] to some
degree, first by extending from one to three periods, and then
by assuming that taxes on underwriting and investment are paid
without delay. In [1] underwriting taxes were assumed to have
a one year delay in their payment. The tax loss discount (TRA
86) was excluded for simplification in both instances. In [1] S
was set equal to P for the single period example presented. In
the present example, surplus was set at each point in time to an
amount equal to L=F, where F is the liability/surplus leverage
factor. Since surplus is set as a function of liabilities, surplus is
implicitly risk-adjusted as well.

Table A.4 presents the derivation of the “fair” premium that
results when the Myers–Cohn approach is reformulated to use
after-tax discounting and to control surplus via a linkage to liabil-
ities over the multi-period timeframe. In this example the interest
rate is 6%, the tax rate is 35%, and a risk adjustment of 3.65%
before-tax (i.e., 2.4% after-tax) is made when discounting. This
is the risk adjustment that results from a liability beta of !0:521.
A liability/surplus ratio of 3-to-1 is used to determine the level
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TABLE A.4

DERIVATION OF “FAIR” PREMIUM WITH AFTER-TAX
DISCOUNTING

P = PV(L) 9,555 L=(1+R!RL)N
10,000=(1+0:039! 0:024)3

+PV(UWPT) !130 T[P=(1+R)NT !L=(1+R!RL)NT ]
(0:35)[(9,629)=(1+0:039)0 !10,000=(1+0:039! 0:024)0]

+PV(IBT) 204 TRbS[(1! 1=(1+R!RL)N )=(R!RL)]
(0:35)(0:06)(3,333)[(1! 1=(1+0:039!0:024)3)=
(0:039! 0:024)]

“Fair” Premium 9,629

Notes: Due to after-tax discounting PV(IBT) reduces to simply tax on investment income derived
from the investable surplus balance.
Liability/surplus relationship implies surplus level affected by risk adjustment.

of surplus. The fair premium that results is $9,626. As stated
previously, premiums and taxes are assumed to have no delay in
their receipt or payment.


