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2000 Premiums and reserves Subject 104

UNIT 12 — PREMIUMS AND RESERVES

Syllabus objectives  (x)  Describe and calculate net premiums and net premium policy
values of simple assurance and annuity contracts.
.
1. Define the random future loss under an assurance or
annuity contract, and state the principle of equivalence.

2. Define and calculate:

* net single premiums for the assurance and annuity
benefits in objective (viii) 1.

e net level annual premiums for the assurance and
deferred annuity contracts in objective (viii) 1.

¢ net level premiums payable continuously for the
assurance and deferred annuity contracts in objective
(viii) 1.

3. State why a life insurance company will set up reserves.
4. Describe prospective and retrospective policy values.

5. Define and evaluate prospective and retrospective net
premium policy values in respect of the contracts in
objective (viii) 1., with premiums as in 2.

6.  Derive recursive relationships between net premium
policy values at annual intervals, for contracts with death
benefits paid at the end of the year of death, and annual
premiums.

« 1. Derive Thiele’s differential equation, satisfied by net
premium policy values for contracts with death benefits
paid at the moment of death, and premiums payable
continuously.

8. Show that prospective and retrospective net premium
policy values are equal when calculated on the same
basis.
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1.1

1.2

1.3

2:1

2.2

Equations of value

Definition

In Subject 102 payments were generally treated as certain to be paid. The equation of
value where payments are certain has already been introduced there. In most actuarial
contexts some or all of the cash flows in a contract are uncertain, depending on the death
or survival (or possibly the state of health) of a life. We therefore extend the concept of
the equation of value to deal with this uncertainty, by equating expected present values of
uncertain cash flows. The equation of expected present values for a contract, usually
referred to as the equation of value, is

The expected present value of the income
= The expected present value of the outgo

The income to a life insurer comes from the payments made by policyholders, called the
premiums. The outgo is on benefits and (sometimes) expenses. Given a suitable set of
assumptions, which we call the basis, we may use the equation of value to calculate the
premium or premiums which a policyholder must make in return for a given benefit.

We may also calculate the amount of benefit payable for a given premium.

We may also use the equation of value when a policyholder wishes to adjust the terms of a
contract after it is effected - for example by changing the contract term.

The basis

The basis for applying the equation of value for a life insurance contract will specify the
mortality and interest rates to be assumed, and the amount of expenses which the life
office is expected to incur because of the policy.

Usually the assumptions will nor be the best estimates we can find of the individual basis
elements, but will be more cautious than the best estimates. For example, if we expect to
earn a rate of interest of 8% p.a. on the invested premiums, we may calculate the
premiums assuming we earn only 6% p.a. As we are assuming that we earn less interest
than we really expect, then the premiums calculated will be higher than they would need
to be if the expected rate of 8% were actually earned. Some reasons for this element of
caution in the basis are:

1. To allow a contingency margin, to ensure a high probability that the premiums plus
interest income meet the cost of benefits and expenses, allowing for random
variation; in other words to ensure a high probability of making a profit.

2 To allow for uncertainty in the estimates themselves.
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3. To allow for the cost of items not explicitly allowed for - for example, although
there will certainly be expenses associated with paying the claim when it falls due, it
is quite common to ignore these expenses, assuming that they will be covered by the
safety margins in the basis.

3 Premiums
3.1 The premium payment arrangement will commonly be one of the following:

. A single premium contract, under which benefits are paid for by a single lump sum
premium paid at the time the contract is effected. This payment is certain, so that
the left hand side of the equation of value is the certain payment, not the expected
value of a payment.

. An annual premium contract, under which benefits are paid for by a regular annual
payment of a level amount, the first premium being due at the time the contract is
effected. Premiums continue to be paid in advance until the end of some agreed
maximum premium term, often the same as the contract term, or until the life dies if
this is sooner. Therefore there would not usually be a premium paid at the end of
the contract term.

. A true mthly premium contract, under which benefits are paid for by m level
payments made every 1/m years. As in the annual premium case, premiums
continue to be paid in advance until the end of some agreed maximum premium
term or until the life dies if this is sooner. Again there would not usually be a
premium paid at the end of the contract term. Often the premium is paid monthly
(that is, m = 12). For some types of contract weekly premiums are common. This
is covered in Subject 105.

3.2 Premiums are always paid in advance, so the first payment is always due at the time the
policy is effected.
3.3 Given a basis specifying mortality, interest and expenses to be assumed, and given details
P g y P £
of the benefits to be purchased, we can use the equation of value to calculate the premium
payable.
4 The net premium
4.1 Definition
The net premium is the amount of premium required to meet the expected cost of the
assurance or annuity benefits under a contract, given mortality and interest assumptions.
© Faculty and Institute of Actuaries Unit 12, Page 3
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4.2

4.3

4.3.1

4.3.2

433

The net premium does not allow (explicitly) for the expenses involved in the contract.
The net premium is also sometimes referred to as the pure premium or the risk premium.

The net premium for a contract, given suitable mortality and interest assumptions, is found
from the equation of expected present value: X

The expected present value of the net premium income
= The expected present value of the outgo on benefits

Notation

We have some standard notation for the net premiums of common life insurance contracts,
related to the notation for the expected present value of the assurance benefits which the

net premium is to pay for:
Px_;1 is the net premium payable annually in advance throughout the duration of the

contract for an endowment assurance issued to a life aged x with term n years, under
which the sum assured is 1, payable at the end of the year of death or at maturity.

From the net premium definition:

A,
xn

P o= 20

R

Px]-ﬂ is the net premium payable annually in advance throughout the duration of the

contract for a term assurance issued to a life aged x with term # years, under which the
sum assured is 1, payable at the end of the year of death.

From the net premium definition:

P, is the net premium payable annually in advance throughout the duration of the contract

for a whole life assurance issued to a life aged x, under which the sum assured is 1;
payable at the end of the year of death.

From the net premium definition:
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2000 Premiums and reserves Subject 104
4.3.4 ¢ P is the net premium payable annually in advance for a maximum of 1 years (or until
earlier death) for a whole life assurance issued to a life aged x, under which the sum
assured is 1, payable at the end of the year of death.
From the net premium definition:
A
.I‘PX = ﬂ %
.\ﬁﬂ
5 The office premium
5.1 Definition
The office premium is the premium required to meet all the costs under an insurance
contract, and is the premium which the policyholder pays. When we talk of “the
premium” for a contract, we mean the office premium. It is also sometimes referred to as
the gross premium.
5.2 The office premium for a contract, given suitable mortality, interest and expense
assumptions is found from the equation of expected present value:
The expected present value of the office premium income
= The expected present value of the outgo on benefits
+ the expected present value of the outgo on expenses
5.3 Office premiums are covered in Subject 105 and so will not be discussed further here.
6 Policy values
6.1 Prospective policy value
The prospective policy value for a life insurance contract which is in force (that is, has
been written but has not yet expired through maturing or reaching the end of the term) is
defined to be, for a given basis:
The expected present value of the future outgo
— The expected present value of the future income
This is the prospective policy value because it looks forward to the future cash flows of
the contract. The prospective policy value is important because if the office holds funds
© Faculty and Institute of Actuaries Unit 12, Page 5
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6.2

6.3

6.4

equal to the policy value, and the future experience follows the policy value basis, then,
averaging over many policies, the combination of policy value and future income will be
sufficient to pay the future liabilities. The policy value therefore gives the office a
measure of the funds it needs to hold at any point during the term of a contract. The
amount of funds held by the office in respect of a policy is talled the reserve for that
policy. The process of calculating a policy value is called the valuation of the policy.

Another view of the prospective policy value is gained by considering the loss from a
policy which is in force - where the loss, L, is defined to be:

L = present value of the future outgo
— present value of the future income

Now L is a random variable, since both terms are random variables which depend on the
policyholder's future lifetime. (If premiums are not being paid, the second term is zero,
the first term is a random variable, so L is still a random variable). The policy value may
now be defined as

Prospective Policy Value = E[L]

Reserves and policy values

[t is common for the terms reserve and policy value to be used interchangeably. However,
there is a difference; the policy value is the result of the calculation above. The reserve is
the amount actually held in respect of a policy, and may for certain reasons be a little
greater than or a little less than the theoretical policy value.

Why hold reserves?

In many life insurance contracts, the expected cost of paying benefits increases over the
term of the contract - consider an endowment assurance for example. The probability that
the benefit will be paid in the first few years is small - the life is young and in good health;
later the expected cost increases as the life ages and the probability of a claim by death
increases; in the final year the probability of payment is large, since the payment will be
made if the life survives the term, and for most contracts (which often mature when the
policyholder is in his or her 50s or 60s) the probability of survival is large.

Although on average the cost of the benefit is increasing over the term, the premiums
which pay for these benefits are level. This means that the premiums received in the early
years of a contract are more than enough to pay the benefits that fall due in those early
years, but that in the later years, and particularly in the last year of an endowment
assurance policy, the premiums are too small to pay for the benefits. It is therefore
prudent for the premiums which are not required in the early years of a contract to be set
aside, or reserved, to fund the shortfall in the later years of the contract. While funds are
reserved, they are invested so that interest also contributes to the cost of benefits. If the
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office were to spend all the premiums received, perhaps by distributing to shareholders the
premiums that were not required to pay benefits, then later in the contract the office may
not be able to find the money to pay for the excess of the cost of benefits over the
premiums received. We set up reserves to ensure (as far as possible) that this does not
happen, and that the office remains solvent.

Retrospective policy values

The retrospective policy value for a life insurance contract which is in force is defined to
be, for a given basis:

The accumulated value allowing for interest and

survivorship of the premiums received to date

— the accumulated value allowing for interest and survivorship
of the benefits and expenses paid to date

The accumulated value of benefits, sometimes called the cost of assurance, for a life who
purchased a life insurance policy at age x, and is now age x + £, where the sum assured for
the ¢ years of past cover was S, payable at the end of the year of death, is

SAI Dx S Mx = Mx+r

xﬂ Dx+.' D

X+

The accumulated premiums for the life, assuming premiums of P per annum payable
annually in advance, is:

Pi s 2 = pNe=New _ py
= Dy Dy )

Renewal expenses can be dealt with similarly to premiums. The accumulated value of
initial expenses of X, allowing for interest and survivorship is:

x 2

X+t

The retrospective policy value on a given basis tells us how much the premiums less
expenses and claims have accumulated to, averaging over a large number of policies.

© Faculty and Institute of Actuaries Unit 12, Page 7
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6.6 Conditions for equality of prospective and retrospective policy
values
If:

l. the retrospective and prospective policy values are calculated on the same basis, and

2. this basis is the same as the basis used to calculate the premiums used in the policy
value calculation,

then the retrospective policy value will be equal to the prospective policy value.

6.7 In practice these conditions rarely hold, since the assumptions which are appropriate for
the retrospective calculation (for which we use the experienced conditions over the
duration of the contract up to the valuation date) are not generally appropriate for the
prospective calculation, which will use assumptions considered suitable for the remainder
of the policy term. Also, the assumptions which were considered appropriate at the time

the premium was calculated may not be appropriate for the retrospective or prospective
policy value some years later.

We demonstrate the equality with an example, ¥ the policy value at duration ¢ years for
a whole of life assurance to a life age x. The prospective policy value is:

By =, gy

and the retrospective policy value is;

(1+1)' 4!

Iﬂ =

Px Ex:ﬂ -

[ o <

The first term in the retrospective policy value is interpreted as the expected accumulation
of premiums received, and the second term as the expected accumulated cost of benefits
paid. See Unit 11 for details.

Start with the prospective policy value:
.fo :Ar!-.'_Px d:+.r

= Axﬂ = Px axﬂ = Px “s:::ﬂ + Px ':";_r:F[
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‘ : s (1+48)" .
Now l,|ax =V Py ey, and 5.5 = <
t Px
_ (1+i)
!Vx Px xﬂ_' Px(rlax-f_axﬂ) +A.\H .
:px
a 1+ _
T ix xﬂ P,r a,+ ArH
( Px
_ 1+
_Px x| T Ax+Ax+r
t Py
e D
- Px Sx:?[ - Ax:?[
1 Fx
The details of this proof can easily be adjusted for other types of contract.

6.8 Policy value conventions
We often calculate policy values at integer durations. In this case, we calculate the policy
value just before any payment of premium or premium expenses due on that date, and just
after any payment of annuity payable in arrears due on that date. The general rule is, for
valuation on the th policy anniversary, payments in respect of the year £ — 1 to ¢ payable
in arrears (i.e. on the rth anniversary) are assumed to have been paid, payments in respect
of the year 7 to £ + 1 payable in advance (and so are also due on the sth anniversary) are
assumed not yet to have been paid.

7 Net premium policy values

71 Definition
The net premium policy value is the prospective policy value, where we make no
allowance for future expenses, and where the premium used in the calculation is a notional
premium, calculated using the policy value basis.

7.2 This may appear very artificial; in fact the net premium valuation has been an important
feature in life insurance for many years. The notional net premium calculated and valued
as the future income element of the policy value is generally considerably smaller than the
actual premium being paid. It is considered that the excess of the actual premium over the
notional premium will be sufficient to cover the expenses - which are of course not
specifically valued.

© Faculty and Institute of Actuaries Unit 12, Page 9
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7.3 Some notation and results for net premium policy values
7.3.1 ‘Vx_;[ is the net premium policy value at duration ¢ for an n-year endowment assurance
policy, with sum assured of 1 payable at the end of the year of death or at maturity, and
with level annual premiums payable during the duration of the policy.
From the definitions of the net premium policy value, using the net premium notation from
section 4.3 above:
‘Vx:ﬂ - Ax+r:ﬁ] - Px:r?[ % ﬁxﬂ:m
but Pn-;] = Ax:?:] fc’ixﬂ, so we have;
A
I'.;l i
fo:El - A_Hr:;-_r‘ - G Xax+.r:;r_——:|
xﬂ
i
_ % .. x+tn—1|
= (I"'da'x_‘_r:m)’_’(l_dax:a) %
X:;I
= 1 &x+f:;:f]
dxﬂ
This is an important and useful result.

7.3.2 We find a similar result for ¥, the net premium policy value at duration ¢ of an annual
premium whole life assurance, issued to a life aged x, with premiums payable throughout
the contract, and with the sum assured payable at the end of the year of death:

:Vx = Ax+: - Px §x+t
A, ..
= Appp ==y
a_t
= s 5x+r
= (l—daxﬂ) - (]—da’x)f“—
al‘
L 1 éxﬂ
dy
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7.3.3 In the continuous time case, the corresponding definition and relationships are, for
endowments:

Fedl = BIUI= A = P By =1 -~
and for whole life assurances:
rﬁi = E[L] = Zx+r = P; Aryy =1 a;;”
We leave the proofs to the reader.
7.3.4 fo]:ﬂ is the net premium policy value at duration ¢ for an n-year term assurance policy,

with sum assured of 1 payable at the end of the year of death, and with level annual.
premiums payable during the duration of the policy.

This may be evaluated by first principles as

i _ g ¥ gl
‘Vxﬂ - Ax+t:m Px:;f]axﬂ:n_—ﬂ

and there is no neat simplification as in the whole life and endowment assurance cases.

7.3.5 Further notation for net premium policy values for policies with unit sum assured may be
developed; the symbol for a policy is ¥; the right subscript corresponds to the subscript of
the assurance benefit function for the contract; the right superscript (if any) indicates the
premium frequency per annum of the contract; the left subscript indicates the duration at

which the policy value is taken. Hence, for cxamplzﬂ,,‘,V(’:).I1 is the net premium policy

on
value at duration 7 of an n-year pure endowment, sum assured 1, premiums payable mthly.
All such policy values are easily calculated from the definition above.

7.3.6 Note that it is easy to show that:

1 1 _
’Vxﬂ g fo;r—:} - fyxﬂ

8 Recursive calculation of policy values
© Faculty and Institute of Actuaries Unit 12, Page 11
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8.2

8.2.1

8.2.2
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Conditions for recursive calculations

We will develop relationships between the policy values at successive integer durations
for net premium policy values. For these relationships to hold, the policy values at
successive durations and the net premiums must be calcdlated on the same basis.

Net premium policy values at successive durations

Let i be the valuation interest rate, and let g, and p,, be the valuation rates of mortality and
survival at age y.

Whole life assurance
With sum assured 1 payable at the end of the year of death, annual premiums:

(et £+ = Detr ¥ Pevr o1 Ve

Proof

W, +rP) = (g =Pl Y F P,
but 4, = Vett ¥ VPt A i)
and 4, = L+vpy G

so (V. +P)

VWett ¥ VDA i) = P (1 + VP iy ) + P,
= V(Gxts + Petr (Agipe) = Py i)

= Wit Pririrt V)

= (F+P)(+i) = Dete T Petrenr Vs

General reasoning

It is very helpful to consider a verbal explanation of this result. If the insurer holds
reserves at the start of the year equal to the policy reserve, then the total at the year end of
the reserve brougnt forward, plus the premium income, plus the interest earned on these,
must be equal to the expected cost of the death benefits at the year end (here the benefit is
I payable with probability g, ) plus the expected cost of setting up the reserve at the year
end of the year end policy value (here the policy value of 1V, 1s required with

probability p.., ).

Unit 12, Page 12 © Faculty and Institute of Actuaries
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[n the case above, the relationship states that the year end value of the policy income for
the year equals the expected value of the policy outgo at the year end. If the income were
a random variable (for example, if the premiums were payable mthly, so that payment
depended on survival), then the relationship would be that the expected income,
accumulated to the year end, is equal to the expected value of the year end outgo.

8.2.3 Further examples

Some further relationships are given; it is left to the reader to verify these.

(Vg * Ba)I+D = Gt b ¥ (M
(Ziq+2R)0+D = g+ P wV @
(,Vx:; & Pxé)a +i) = p.., I+lVm'ﬂ 3)
9 Mortality profit
9.1 In the last section it was shown that, if the experience exactly follows the policy value

basis, then, on average, the income and outgo in each policy year are equal. If the
experience does not follow the assumptions then there will either be an excess of income
over outgo (a profit, or surplus) or an excess of outgo over income (a loss or negative

profit). Profits and losses may arise from any element of the policy value basis - for
example:

I If the interest earned is greater than that assumed in the policy value, then the
income will accumulate to more than the sum required to cover the cost of the
benefits and the year end policy value, giving an interest surplus.

2; The expenses may be greater than those assumed in the policy value basis in which
case there is an expense loss.

3. [f the policyholder decides to surrender his or her policy (that is, to cease paying
premiums, and take some lump sum in respect of the future benefits already paid
for) then the year end outgo is not as assumed - the lump sum will be required in

place of the year end policy value and there will be a surrender profit (positive if the
lump sum is less than the policy value).

4. If the experieinced mortality is heavier than that assumed in the basis, then there will
be a profit or loss from mortality.

© Faculty and Institute of Actuaries Unit 12, Page 13
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9.4
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We consider here mortality profit only; we assume therefore that in all elements other than
mortality, experienced rates follow the assumed rates exactly.

Death strain at risk (DSAR)

Consider a policy issued ¢ years ago to a life then aged x, with sum assured of § payable at
the end of the year of death, and assuming that no survival benefit is due if the life
survives to £+ 1 (we will extend the ideas to survival benefits in a later section). Let ,// be
the reserve at time 1. We assume here, for simplicity, that the sum assured is payable at
the end of the year of death, and that there is no explicit allowance for claims expenses.

Then we define the death strain in the policy year 7 to ¢ + 1 to be the random variable,
DS, say,

DS = 0 if the life survives to ¢ + 1

]

(8=, V) ifthe life dies in the year 1 — 1 + |

The maximum death strain, (S — ,,; V) is called the death strain at risk or DSAR.

The word strain is used loosely to mean a cost to the office. The reasoning behind the
DSAR definition is seen more clearly if we rearrange the recursive relationship between ,V/

and .., ¥, assuming level premiums and expenses for simplicity:

(V+P-EX1+i0)

]

Gort ST PyiprntV
= et S+ (1 =g 1V
w1V G (S = 1 ¥)

In words, the reasoning is that for each policy we must pay out at least ,,, ¥ at the end of
the year. In addition, if the policy becomes a claim during the year, with probability g,.,,
then we must pay out an extra sum of (S — ,,;¥) which is the DSAR. Note that ¢, is the

probability of dying in the year 7 to ¢t + 1, and therefore x + ¢ is the age at the start of the
year.

Expected death strain (EDS)

The expected amount of the death strain is called the Expected Death Strain (EDS) - this
is the amount that the office expects to pay extra to the year end reserve for the policy.
The probability of claiming in the policy year fto ¢ + 1 is g, so that:

EDS = Dxtq (S- +1 V)

Unit 12, Page 14 © Faculty and Institute of Actuaries

- ——

il §

-

——

—

‘—— ‘E—— ———

————




2000

9.5

9.6

9.7

Premiums and reserves Subject 104

Actual death strain (ADS)

The actual death strain is simply the observed value at ¢ + 1 of the death strain random
variable - that is,

ADS = 0 if the life survived to £ + |
= (S—=,P) ifthe life died in the year r — ¢ + |
Mortality profit

The mortality profit is defined as:

Mortality Profit = Expected Death Strain — Actual Death Strain

The EDS is the amount the office expects to pay out, in addition to the year end reserve
for a policy. The ADS is the amount it actually pays out, in addition to the year end
reserve. If it actually pays out less than it expected to pay, there will be a profit. If the
actual strain is greater than the expected strain there will be a loss.

Mortality profit on a portfolio of policies

We are often interested in analysing the experience of a group of similar policies - we use
the term portfolio of policies to mean any group of policies. In this case we simply sum
the EDS and the ADS over all the relevant policies. If all lives are the same age, and
subject to the same mortality table, this gives:

Total DSAR = 2(S=V)
all policies
Total EDS = 29t (S=rV)
all policies
= qx+f[ Z(S_Hiy)}
all policies
= g, DSAR
Total ADS = 2(S—V)
death claims
Mortality Profit = EDS - ADS

© Faculty and Institute of Actuaries
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[n many situations the DSAR of each of the individual policies is not known, but the total
DSAR is simply the total sum assured less the total year end reserve, and the EDS is
q.+s DSAR.

Allowing for survival benefits

Suppose the contract provides for a benefit at the end of a policy year tto 7+ 1. By
convention, the present value of this will have been included in ¥ but will fall outside the

computation of .| V. So, the survival benefit needs to be allowed for as an additional
payment from the reserve.

Let R be the benefit payable at the end of the policy year r — ¢ + 1 contingent on the
survival of the policyholder. The recursive relationship between successive reserves is
now:

Il

(V+P-EX1+1i) Gt S+ Pt (i V+R)
Gt ST (1 =Gy (s V+R)
= wmV+tR+q (S-(V+R)

The DS is now:

DS = 0 if the life survives to ¢ + 1

(§=(s V+R)) ifthe life dies in the yeart — 1+ |

as the office must pay out (,,, ¥ + R) for all policyholders, and an additional
(8 = (41 V' + R)) for policies becoming claims by death.

The expected death strain is then g, (S — (,;, ¥ + R)); the actual death strain is 0 if the life
survived the year and (S — (,, ¥ + R)) if the life died during the year; the mortality profit is
EDS - ADS.

In the case of an annuity of R p.a., payable annually in arrears, with no death benefit, the
DSAR would be (—(,;; ¥+ R)) (so each death causes a negative strain or release of
reserves).
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10 Theile’s differential equation
10.1 In Section 8, we developed a recursive scheme which governs the development of the

policy value from one year to the next. With a little rearrangement, this can be written as
a difference equation. For example, the recursion in Sectior 8.2.1 can be written:

l ; j
£+IVx"1Vx= {f'er+(1+I)Px'—qx+r(l _:‘Vx)}'

Px+t

10.2 [f we work in continuous time, we get instead a differential equation, called Theile’s
differential equation. Suppose that:

(a) interest is earned continuously at force of interest d;

(b)  premiums are payable continuously at rate P, per annum; and
- (c)  the sum assured of 1 is payable immediately on death.
Then it is easily seen that, over a short time period dt, the above equation becomes:
Ve = Ve = Ve 8t + Pdt = (1= | 7,) pyp dt} + o(dlt)
or, dividing by df and taking limits:

Erﬁ; =8II7J:+E_(1_II7;)I'£J:H'

This is Theile’s equation for this type of policy.
10.3 There is a version of Theile’s equation for each different type of contract.

10.4 The explanation above just shows the link between the difference equation we have
already used in discrete time, and the corresponding differential equation in continuous
time. It is not an adequate derivation of Theile’s equation. That can be provided in
several ways. For example, we know that

.'l7x :AX‘H‘_I_)XE
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Differentiating @, directly, we get

a_(azE**" - a%:f; €7 Pyus ds |
= I e—asa% Pods
- Z CR T (T Hotpis) ds
ey T Aoy
Hence 9 7. = THxs aiﬂ + A,
ar =
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==yl = rV_’x)“.m'Fer:"' 1%,

a.‘l’
==l - rz)“ﬂr'i'srﬁ"' ﬁx

This is Theile’s equation for a whole-life contract.

10.5 Note that Theile’s equation, like the difference equation for policy values in discrete time,
requires that the premium P, be calculated on the same basis as the policy values
themselves.

END
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