
MOST EFFICIENT FLUCTUATION RESERVES

D. G. HALMSTAD

Statutory Contingency Reserves and Surplus

In 1935 the New York Insurance Department introduced the
concept of special contingency funds for certain types of insurance.
Such requirements had first been introduced in 1925 for mutual
workmen's compensation companies. Clear, consistent principles for
these funds were not stated at the time, but their purpose seems to
be to provide a cushion that may be used in time of serious financial
difficulty.

In group life insurance, this fund is a "special contingency
reserve" and is carried at the suggestion of the New York Depart-
ment !). For mutual casualty, nonprofit hospitalization and medical
indemnity plans, and for reciprocal insurers, the fund is treated as
"special contingent surplus", and is a mandated substitute for the
minimum capital required of stock insurers2). The U.S. federal
Life Insurance Company Income Tax Act of 1959 recognizes
special credits of a similar nature for health, non-participating life
and group life and health insurance coverages._

In all of these cases, the accumulations or credits are defined by
a designated percentage of premiums 3). For the New York Depart-
ment group life reserve and the Income Tax health and group life
credit, a maximum is defined by a second percentage of the same
annual premiums base. For the nonprofit plans' surplus, a similar

') Described m Eilers, Robert D. and Crowe, Robert M., Group Insurance
Handbook, Richard D. Irvnn, Inc., Home-wood, Illinois, 1965, and also briefly
discussed in the Society of Actuaries in "Unassigned Surplus and Con-
tingency Reserves," Transactions, Society of Actuaries, Volume XIX, Chi-
cago, Illinois, 1967.

2) A full discussion of these "surplus" items may be found in Haley,
J ames B , " Special Contingent Surplus for Mutual and Nonprofit Companies,''
Chapter 10, Examination of Insurance Companies, Volume 4, New York
Insurance Department, 1954.

') For non-participating contracts, the percentage of premium credit for
tax purposes may be replaced by a percentage of the increase in reserves, if
greater
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maximum in terms of premium is used. However, in the case of
mutual casualty companies, and of reciprocal insurers, the "special
contingency surplus" must be built up to a defined absolute
amount equal to the amount that would be required as capital of a
stock company; there are no statutory provisions for withdrawing
any part of such a fund once it is accumulated.

Fluctuation Reserves

It is the thesis of this paper that the contingency funds referred
to above, with the exception of those clearly contemplated as a
replacement of capital stock, are existing examples of funds that
should properly be held on many existing insurance lines. Since these
funds will be viewed, in this paper, as reserves held only against the
effects of random fluctuations in claim experience, they will be
termed "fluctuation reserves". We shall offer two suggested
principles for the design of such fluctuation reserves. It is also the
contention of this paper that the rules that are now applied in the
accumulation of contingency reserves and surplus are—at best—
empirical settings within one of the many possible designs that such
rules might follow.

Deteimination of optimal rules to be followed in the design of
fluctuation reserves is not pursued here except in a single limited
case. It is hoped that the statement of possible desiderata for such
rules will stimulate further investigations of the broad class of pos-
sible fluctuation rules.

The purpose of a fluctuation reserve is, we believe, to smooth
years of relatively large profit with years of relatively large loss; to
stabilize the profits and losses that are charged to an insurer's
surplus—or that are available for distribution as dividends or
premium refunds. What is envisioned is the archetypal reservoir of
water—that which keeps the excess above normal needs in times of
plenty, and releases parts of such excess in times of need.

In this view, an improperly managed fluctuation reserve arises
from either over- or under-funding. It may be characterized by
long periods of inactivity—sitting either at capacity (and therefore
not levelling profits) or at zero (and therefore not levelling losses).
The precise nature of a well-balanced fluctuation reserve will
depend on the annual claim distribution, margins for fluctuations
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(in the premium actually charged), and in the legal restraints on
the reserve actually held.

In a degenerate case, illustrating the latter consideration, if no
limitation on the maximum of such reserve were imposed, and the
insurer a) has recognized the long-term average cost of the coverage,
and b) placed all realized profits into the reserve, eventually the
reserve reaches a size from which, in a probability sense, absolute
maximization of stability is reached—no profits are ever realized
(all such being paid to the reserve) and no losses are realized (all
being paid from the reserve when in excess of premiums).

From the preceding paragraph, the following principle is sug-
gested for all fluctuation reserves:

a) The expected return to the insurer from a particular coverage
be the same whether the fluctuation reserve is utilized or not.

This principle makes it impossible that the fluctuation reserve
will absorb all of the profits of the insurance operation, and (like-
wise) insures that its function is strictly within the interests of both
the insurer and the regulatory officials.

Limitations of the present study
In the present case, we shall study the following hypothetical

distribution of annual claims:
Amount: 3 5 10 15 20 25 30
Probability: 0.2 0.3 0.2 0.14 0.08 0.04 0.04

It should be recognized that this distribution of annual claims is
a dangerous one. While there is a substantial probability of claim
years that are relatively "normal", there is a substantial probability
that total annual claims will be well over twice the year's expected
annual claims. This latter figure is equal to 10 units.

We shall also assume that the insurer has added a fluctuation
margin of 30% to the net expected costs, and is charging a net
premium of 13 units. Naturally, this additional margin will depend
on the insurer's assessment of his available surplus, and be deter-
mined by a risk theoretic model for his probability of losing the
available surplus.

Finally, we shall assume that the net premium of 13 units is net
of profit, expenses, taxes, and other nuisance additions.
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The following rules will be assumed for the operation of the
fluctuation reserve:

1) All claims in excess of the year's premiums are first chargeable
to the fluctuation reserve,

2) Additions to the reserve shall consist of a percentage of the
"apparent profits" (premiums less not claims charged by item i) or to

free surplus),
3) The reserve operates without interest or marginal tax credits,
4) No minimum for the present reserve is established (although

such a limitation might certainly be incorporated in an "optimal"
set of reserve rules),

5) The maximum for the reserve is two times the expected an-
nual claims (again, an optimal reserve structure might violate this
rule), and

6) During years in which there is an "apparent loss", (claims in
excess of premiums) such losses are first chargeable to the reserve
and thereafter any excess is taken as a realized charge against
surplus (= a "real loss").

Finally, it will be required that the reserve never assume non-
integer values. If a reserve is theoretically required to hold an
amount of "n.d", a reserve of "n" is to be established "i-d" of the
time, and a reserve of "n -\- 1" is established "d" of the time. This
latter consideration is a calculational nicety which does not change
the thrust of the argument made.

It must be realized that the above rules for the formation of a
fluctuation reserve are quite special, and that further investigation
of fluctuation reserve rules should consider each of the present
constraints free. In this study, the only free parameter is the specific
percentage of "apparent profits" which should be added to the
fluctuation reserve when such "profits" are available.

Computational

It is intuitively clear that there should be a certain probability
that, after a long period with a level premium income and a constant
expected claim distribution, the operation of a fluctuation reserve
will have resulted in an amount of at least x being in it. Furthermore,
it is intuitively obvious that some "states" of the reserve will be
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more likely than others; if claims are relatively small (and full
claims are chargeable to the reserve—and also fairly likely!), the
reserve will likely not be at its maximum. On the other hand, if
claims are rare, and fairly large, the reserve will frequently be in the
process of building up to a given maximum, rather than at either
full or empty levels. It is clear that, once "mature" conditions are
reached, the operation of the reserve is affected only by the dis-
tribution of claims and the net premium (including fluctuation
margins) charged—not the expected amount of profits from the
line of business. For the current example, then, the operation of the
fluctuation reserve should not change the 3 units of "risk profit"
charged in excess of net expected claims. Principle a) should
hold.

The methodology outlined above leads directly to a formulation
of the illustrative problem given above as a Markov chain. We may
easily study the situation where the claims expected in one year are
independent of those in the preceding year and, for this case, the
transition rules between states of the fluctuation reserve are easily
displayed and computed. When a particular "rule" for the transition
of a fluctuation reserve from one year to another is specified, and
a certain "level" of expected claims is set, a "steady state" of the
(eventual) reserve is created, and the current decision level for
optimal use of the reserve may be determined.

In Table 1, we show the transition matrix that results from the
operation of the fluctuation reserve rules in the preceding sections
along with the accumulation rule in which all "apparent profits",
full premiums less claims, are added to the reserve. Similar transition
matrices ma}' easily be created for other percentages of "apparent
profits".

By studying the various operations of a "fluctuation reserve" of
this nature, under various rules for the formation of reserve ad-
ditions and charges, we can determine which is the "best" smooth-
ing device of the realized profits. For, given the transition matrix,
successively higher powers of it eventually result in the "steady
state" in which the operation of the reserve is independent of the
original level, and in which the principle expressed in a), the
throwing off of realized profits in a steady way, is realized. This
leads to our second, although tentative, principle:
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b) A fluctuation reserve should minimize the standard deviation
of the realized profits (after operation of the reserve) to the insurer.

Results

For the illustrative example outlined in the paragraphs above,
calculations of the steady state of the reserve process were prepared
for several percentages of "apparent profits" that might be re-
quired. The reserve rules were extended to include illustration of
what happens when the maximum reserve is raised to twice annual
net premiums (that is, expected claims plus the fluctuation margin)
rather than twice expected claims. The net premium base is sug-
gested by existing practice in the group life case.

The standard deviations of "realized profits" that would result
from each of the rules tested are shown below in Table 2. For both
maximums, the optimal percentage of "apparent profit" additions
is about 60%, although the usual optimization "plateau" seems to
apply in the 5o%~75% range. For those interested in more detail,
a sample of the computer output is available in the Appendix.

TABLE 2

Analysis of Illustrative Line of Insurance under
vanous Fluctuation Reserve Rules

Percentage of Standard Deviation of Realized J'rofits
Apparent Profits with Maximum Fluctuation Reserve of
added to Reserve twice Expected Claims Twice Net Premiums

2 % 7-H5 7-J45
25% 4.921 4.805
50% 4-°8i 3-774

- 60% 4-°44 3-741

75% 4-°94 3-822
100% 4.279 4.064

Summary

It is the present author's belief that the establishment of fluc-
tuation reserves is justified by both solvency and adequacy needs
of the state regulators. Yet they are used only in limited cases for
solvency and for tax credit purposes. The demonstration given in
the present paper, it is hoped, will stimulate others to examine
specific lines of business to find the "maximumly efficient" rules for
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fluctuation reserves within the confines of the present rules for
"contingency reserves and surplus". All lines of business 111 <i
particular company are subject to fluctuation, the smoothing of
individual results is of prime consideration to the actuary.

It is hoped that additional rules for fluctuation reserves will not
be limited to the particular parameter studied in the present work —
it is possible that entirely new classes of reserve formation rules
will be established in the future, and that such rules will lead to
even more efficient fluctuation reserves
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