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1'l:is fourth issue of the GAS Forum represents the fruition of a concept 

riizt we had when we started the Forum in 1987. At that time we hoped 
the availability of the Forum would stimulate many of our members to 
submit informal papers that could be quickly distributed to the 
m~lnhe I-s We have succeeded! 

'Illis 06 I'orurn is almost entirely devoted to new papers. I congratulntc 
tlw authors for their willingness to share their broad knowledge and 
experience with their fellow actuaries. 

Ti~c hrond range of topics reflects the expanding practice of casunlt~~ 
sctii;,ries. so doubt, several of these papers will eventually appear in 
thi. Proceedings. Authors who would like to submit articles for the next 
Forum should submit these articles to me for the Fall 1989 issue by 
S~piember 1st. 

2~ hnve also included the 1959 Presidential address. From time to time 
:!:c C~S Forwn will publish items of historical interest. The 1959 
Presidential Address is particularly interesting in visw of Proposition 
10: nnd the pressures expected in the personal lines of insurance during 
I!'89 snd 1990. 
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ST. VITUS’S DANCE 
PRESIDENTIAL ADDEEX3S BY DUDLEY M. PBUITT 

“After all, those in the (insurance) business who do other than 
routine work, are paid about half for what they do and half for 
what they endure.” 

Kenneth 0. Force in The National Underwriter 
October 2, 1959 

On a dismal morning of the year 1374 in the German town of 
Aachen hundreds of men and women came together on the streets and, 
forming circles, hand in hand, danced hysterically for hours on hours 
till they fell exhausted and insensible on the cobblestones to be left 
where they fell or pushed aside to make way for others who were still 
bouncing and jiggling like puppets on a string. It was thought that 
these poor people were possessed of demons and prayers were said by 
the holy for their healing. This is the picture given of one incident in 
the dancing mania which afflicted Germany during the years following 
the Black Death. 

The years of the Black Death had taken their frightful toll, wiping 
out half the population of Europe and then, at the very moment of 
release, when the grip of the plague was at last relaxing, the hysteria 
of the dancing mania took hold. It was born out of physical and 
spiritual exhaustion, out of an emotional desperation that had be- 
numbed the wits and depraved the reason. It was “catching,” as any 
mass hysteria is “catching,” propagated by the sight of the sufferers, 
like a demoniacal epidemic. Here was the origin of the name St. 
Vitus’s Dance, for St. Vitus it was who had been granted specific 
powers for the healing of the mania. 

We are, I suspect, witnessing in the automobile insurance business 
a parallel to the dancing mania of Germany in the Middle Ages. For 
several long years our business has had the insurance equivalent of 
the plague ; many of us have been suffering severe underwriting losses 
in the private passenger lines ; we have appealed to higher authority 
for rate relief over and over again and been rebuffed; and just as the 
picture begins to look clearer, just as the rate situation seems to be 
brightening, we begin whirling and jiggling, hopping and prancing 
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in a maniacal, competitive dance of policy forms and rating methods. 
The picture, of course, was not really becoming clearer with the 

increased rates approved and the reduced commissions being allowed 
during the past year. One might almost imagine that these necessary 
corrective measures have aggravated the situation. The underlying 
disease, whatever it has been, is not cured. Quite recently the Bureau 
received considerable criticism to the effect that a major reason for 
the success of the direct writers in getting the preferred business is 
because the Bureau rates favored the youthful driver at the expense 
of Class 1 business. The Bureau vehemently denied such favoritism 
and implied that a company charging Bureau rates should be just as 
glad to write insurance on a car owned by a youth as on a car oivned 
by a man of mature years ; should be, in fact, happier to do so because, 
with the larger premium involved, there would be more dollars in the 
profit allowance. The trouble has been that, although the Bureau was 
undoubtedly right actuarially, the carriers have continued to show an 
irrational resistance to youthful drivers and have shown a keen pref- 
erence for Class 1 business despite its smaller average premium. The 
direct writers have, in fact, been willing to make those premiums still 
smaller. 

Every year a prominent analyst makes a careful study of the under- 
writing results of the big four direct writers : Allstate, the State Farm, 
the Nationwide, and the Farmers Exchange. His annual conclusion 
is that so long as these four carriers can continue to pay their pro- 
ducers less they can charge less for their wares. This gives them a 
competitive advantage and makes it possible for them to be very selec- 
tive, resulting, of course, in lower loss ratios, which allows them to 
charge still less for their wares, and so on round and round. And to 
rub salt into the wounds, the salesmen, who get paid less in per- 
centage, earn a good living on volume. 

Some years ago a method of operation was devised within the 
American Agency System which was calculated to save the agent and 
his carrier before the big four got all the business. This is frequently 
referred to as the Safeco plan in recognition of the originating carrier. 
The agents have not generally relished this form of salvation, prefer- 
ring, if possible, to live in original sin. The plan attempts to meet the 
big four competition by adapting their methods to independent agency 
operation. It involves a signed application, giving improved control 
over selection and classification assignment, and such money saving 
devices as a lower-than-normal commission rate and the requirement 
that the premium be paid in advance of effective date. In order to 
make the commission reduction more palatable the plan also includes 
automatic machine renewal and direct collection of the renewal pre- 
mium by the carrier. One of the advertised inducements has been that 
the agent could take his smaller commissions and devote his energies 
to new production confident that the company machinery would keep 
the renewal certificates endlessly flowing to the assured with the cash 
flowing back, and the direct writers vanquished. It really has worked. 
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The lower rates produced the same sort of competitive leverage for 
the Safeco plan companies as it has for the direct writers. In the last 
two or three years there has been a great burgeoning of “economy 
plans” competing vigorously for the best of this low premium business 
that has theoretically less profit built into it than the big fat youth- 
ful driver business. There has been, however, no observable indication 
that the big four felt the shghtest jolt from the growth of the Safeco 
plan. The two chief sufferers have been the so-called tariff or Bureau 
companies and the assigned risk plans, the former out of dearth of 
business and the latter out of surfeit. 

Shakespeare once wrote, “The smallest worm will turn, being trod- 
den on,” and in this case the victim of the treading was hardly a small 
worm. Every indication today points to the certainty that the Bureau 
companies have had enough. They are doing something about it 
besides cutting commissions. 

The new merit rating plan jointly sponsored by the National Bureau 
and the N.A.U.A. has now been introduced into several states. It is an 
attempt to meet what a Bureau spokesman described as “a public 
demand of long standing for a safe driver insurance plan which will 
produce a substantial difference in the price paid by insureds who are 
not accident prone vs. those who are. . . . The plan is designed to pro- 
duce more competitive rates for the better classes of risks so that 
bureau companies will not be faced with an ever worsening cross-sec- 
tion of business.” 

With this move on the part of the bureaus the Black Death was 
ended and the dancing mania began. Every day has brought its new 
manifestations. When the Travelers withdrew from the National 
Bureau the insurance world was as shocked as the average American 
would be if ex-President Truman were to withdraw from the Demo- 
cratic Party. Several other outstanding company groups also with- 
drew in order to be free to try out their own individual steps. The 
independents, with their various “economy” plans, found overnight 
their happiness gone, their complacency shattered, and were seized 
with an acute realization that new ideas were needed fast. The auto- 
mobile insurance industry is in a competitive struggle of titans. I see 
no reason why Senators Kefauver and O’Mahoney need fear for the 
freedom of the automobile insurance enterprise at the moment. For 
the past several months the insurance page of the Journal of Com- 
merce has carried daily stories of new plans and projects. I quote a 
few headlines : 

“NBCU FIRMS TO PUSH NEW AUTO PLANS” 
“TRAVELERS LAUNCHES NEW AUTO PLAN IN NE- 

BRASKA” 
“AMERICAN CASUALTY HAS NEW AUTO COVER PRO- 

GRAM” 
“ST. PAUL VETOES NBCU AUTO PLAN” 
“MICH. STUDIES MERIT RATING” 
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“MARYLAND AGENTS REQUEST ADOPTION OF MERIT 
RATING” 

“LOSSES SEEN AS MAIN COST DIFFERENTIAL” 
“ALLSTATE SAYS ‘REVOLUTION’ BENEFITS INSURING 

PUBLIC” 

And about the same day that three major plans were announced on 
one page, there was also displayed a large want ad by one of America’s 
larger fire and casualty fleets, appealing persuasively for an actuary 
of mature experience and judgment capable of assuming the duties 
of vice president. 

I wish I had space here to deal also with that other dementia that 
has seized our industry., the rate and coverage evolution taking place 
in the homeowners’ business. Where are those wise men who promoted 
the multiple line approach on the theory that when the casualty lines 
went bad the property lines would save us by being good, and vice 
versa? Suffice it to say that many of the points discussed here in con- 
nection with automobile apply equally to homeowners’. 

There has been considerable favorable comment in the local press 
as the merit plans have been introduced in various states. It is a very 
popular concept that “good drivers” should not have to share in the 
losses caused by the “poor drivers who have the accidents.” The lower 
rate for the better record seems reasonable and just to most people. 
A fairly representative reaction as expressed by an insurance com- 
missioner was to the effect that merit rating supplies what our young 
people have wanted for a long time--to be treated as individuals and 
not as a group of helter-skelter irresponsible undesirables. In fact 
there has been so much demand for the new plan that the Bureau has 
been constrained to ask for time. The plan is frankly experimental 
and needs maturing. 

There are also those who take a very dim view of all automobile 
merit rating plans. At one time the Bureau was not nearly so sanguine 
about the practice as it seems to be today. In Best’s Insurance News of 
January, 1962, a paper entitled “Merit Auto Rating” appeared, spon- 
sored by the National Bureau of Casualty Underwriters and the Mu- 
tual Insurance Rating Bureau in collaboration. This paper cites twenty 
“administrative and rating difficulties to be encountered” in any pro- 
gram of merit rating for private passenger automobiles in 1952 and 
closes with the profoundly actuarial statement that “the extremely 
small exposure in a single private passenger car risk does not lend 
itself to self-analysis in terms of rate making as the element of chance 
overshadows a credibility expectancy.” Perhaps it is unfortunate that 
the paper has this year been republished as a part of the Readings in 
Property and Casualty Insurance, edited by H. Wayne Snider, for it 
would seem that most of the twenty difficulties to be encountered in 
1952 are still difficulties in 1969 with a few more added by the proc- 
esses of time and the specific characteristics of the current plana. 

6 



A serious current criticism of the new plans is that they are far 
too difficult to administer, depending as they do on information that 
must be obtained from state motor-vehicle departments and that this 
difficulty brings the plans into direct conflict with the rapidly develop- 
ing mechanization of automobile risk rating and policy issuance. This 
may turn out to be a decisive factor. 

Another and widely held criticism attacks the plan at its actuarial 
foundations. This stands on the principle that insurance is a pooling 
of potential losses, that there must, of course, be some separation of 
risks into reasonable rating classifications, which are usually inter- 
preted to mean the present classifications by use, and that any at- 
tempt to separate those who have accidents from those who do not 
breaks down the pooling principle and thus does violence to the 
“mathematical science of insurance.” This has been a rather common 
charge and one that has the surface look of truth. It has, however, 
serious actuarial blemishes. 

While insurance is certainly based on the principles of pooling, it 
has none of the elements of charity and very little in common with 
Marxism. The maxim, “From each according to his abilities, to each 
according to his needs,” is from Karl Marx and not from Lloyds of 
London. The mathematical science underlying the insurance busi- 
ness? it has always seemed to me, is the science of finding mathe- 
matical measures of hazard, of determining the bounds of reasonable 
probability of an occurrence, including, to the extent practicable, a 
quantitative differentiation of such circumstances as who, where, and 
when. You have all heard the story of the horse-and-rabbit stew-“one 
rabbit, one horse.” Such a stew has none of the elements of mathe- 
matical averaging. Surely, if you are certain to have no loss and I am 
certain to have a loss I can hardly expect you to pool your insurance 
with me on an equal, or in fact on any, basis. The impossibility of 
effecting a workable private flood insurance program is a clear illus- 
tration of this principle. And certainly if it can be demonstrated that 
you are less apt to have a loss than I, you would be the giver of pure 
charity and I would be the taker if we pooled our hazards on a tlfty- 
fifty basis. As much as is possible the predisposition to loss is a proper 
subject for fair discrimination ; only the operations of chance are the 
proper subject for averaging. 

We are apt to cry discrimination rather readily in the insurance 
business., saying quite properly that it is unfair to discriminate be- 
tween risks of essentially the same hazard. But over two thousand 
years ago Plato pointed out the other side of discrimination very 
clearly when he said that the greater injustice is to treat unequal 
causes equally. A single automobile liability rate for the entire state 
of Massachusetts, as has been at times politically proposed, would be 
unfairly discriminatory in the extreme. There is no need to labor 
this point further. I think we will all agree, when we look at the sub- 
ject objectively, that insurance rates should be related as nearly as is 
feasible to the hazard of the risk, and that a proliferation of classi- 
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fications which actually do measure hazard, though it may complicate 
the business of insurance, does no more violence to its mathematical 
principles than does the betting on different odds do violence to the 
mathematics of gambling. 
of mathematics. 

In fact the pari mutuel is the very essence 

Classifications can, however, complicate the business! and I suspect 
that most of the noncompetitive complaint within the industry about 
the merit pIan is based on this problem of administration. There is 
always the compromise between the proper and the feasible. One of 
my friends, an eminent psychologist, has assured me that he could 
quite certainly discover the accident-prone and rather accurately 
measure the degree of proneness if he were permitted to examine per- 
sonally all my company’s applicants for automobile insurance. I believe 
he is essentially correct; but it is not out of perversity that the insur- 
ance carriers have failed to replace their underwriters and actuaries 
with psychologists; there would seem to be no feasible way to bring 
together car drivers and psychologists. This does, however, suggest 
the possibility of the carriers’ employing a reasonable number of these 
learned men to help devise some less exact and possibly less drastic 
method of discovering the accident-prone. Perhaps with every appli- 
cation for insurance we should also demand a signed interpretation 
of one of Rorschach’s ink blots. 

What the Industry so desperately seeks is a simply-manipulated 
device for determining and mathematically evaluating the risk of 
accident inherent in a motor vehicle owner or operator. That this has 
not yet been found I believe even the promoters of the various merit 
rate plans will agree. That it ever can be found is extremely doubtful. 
It seems to me clear that in this area, as in so many others, simplicity 
and accuracy are mutually antagonistic. To the degree that we re- 
quire a mathematical and clearly defined accuracy we must perforce 
sacrifice simplicity and ease of operation. There is no harder task 
than to make the intangible tangible. 

Here I believe is the crux of the problem. Our statutes say, quite 
properly, that rates shall not be excessive, inadequate or unfairly dis- 
criminatory. In the abstract these three principles are ideal ; in their 
specific administration, however, we find them far too broad and in- 
determinate. Tt is a bit like legislating that men shall not be nig- 
gardly, over-generous, or unfairly prejudiced. How can anyone know 
truly that a given rate for a given risk is neither excessive, nor in- 
adequate, nor unfairly discriminatory? We are justly proud that ours 
is a government of laws and not of men, but an excess of zeal for legal 
safeguards beyond the needs of the circumstance can destroy the 
effectiveness of such natural safeguards as judgment and self- 
discipline. 

Because we are so firmly committed to the regulation of rates 
rather than the supervision of their administration, we find ourselves 
taking an unrealistic and essentially Procrustean approach to rating 
philosophy. We imagine that all risks can be fitted into a limited num- 
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ber of specific classifications, subject to exact definition, and that by 
the mere fact of fitting risks to a definition which describes their 
tangible attributes we can make them homogeneous. This is at times 
in direct conflict with the clear evidence of experience and judgment. 
I recommend to all insurance men a rereading of that immortal classic 
“Pigs is Pigs,” by Ellis Parker Butler. There is something profoundly 
prophetic about Mr. Flannery’s position : 

“Pigs is pigs. Guinea-pigs or dago pigs or Irish pigs is all 
the same to the Interurban Express Company an’ to Mike Flan- 
nery. Th’ nationality of the pig creates no differentiality in the 
rate.” 

Of course this has worked badly. Procrustes found that all men did 
not, after all, fit his standard-sized bed, and was forced to resort to 
stretching some and lopping others. I have a theory, which I shall 
call the Procrustean Law of Classification Stability, that classifica- 
tions tend to produce their expected experience ; in other words, the 
experience of any class accommodates itself to the pure premium for 
that class. While this may be partly due to the effect of underwriting 
selection as it adjusts to the adequacy of the rate, there also seems to 
be a tendency in our business, which will probably be honestly denied 
by all concerned, to let the risk’s inherent hazard, arrived at intangi- 
bly, determine the assigned classification. Since the results are rela- 
tively reasonable and uniform, I must conclude that this reprehensible 
practice does in fact produce a less unfair discrimination as to risks 
of the same hazard than could prevail by a careful adherence to the 
definitions. 

Our classifications are broad bands of hazard ; each one with a wide 
spectrum of good and bad risks. They overlap to the point where the 
best of the worst classification produces a lower loss cost than the 
worst of the best classification. Under our present rating concept the 
only discrimination allowed a carrier between the best and the worst 
within the same rate group, or even between the better and the worse, 
is by selection. If accepted they must be charged the same rate. Under 
discrimination by selection the risk, which because of the intangibles 
should fall into a worse classification than is indicated by the tangi- 
bles, has difficulty obtaining any insurance at all and will finally have 
to pay a higher rate either from a non-preferred risk carrier or 
through the assigned risk plan. That this selection is valid is vouched 
for by the experience of the so-called “clean” risks in the assigned risk 
plans, which has been found to be as bad as or even at times worse 
than the surcharged business at the same rate level. In the main it is 
pure underwriting selection on the basis of intangibles that places a 
risk without accident or conviction record in the assigned risk plan. 
(Incidentally this clean assigned risk experience could cast some doubt 
on the complete validity of the various merit plans currently compet- 
ing in the market place.) 

I can see no fundamental reason why discrimination by selection 
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should be considered socially preferable to discrimination by rate. 
Both can be fair and both can be unfair. Discrimination by rate has 
the one advantage that it keeps the market open, and, in general be- 
cause of competition, causes each risk to pay a premium fairly com- 
mensurate with its hazard. Discrimination by selection, besides being 
a thoroughly annoying practice to the public, is the basic cause of the 
assigned risk program, that great Procrustean leveler where all risks 
are treated in a most unfairly nondiscriminating manner. 

Because our present regulatory system has grown up gradually and 
because we have all breathed this atmosphere from our beginnings in 
the business, we accept it as appropriate and inevitable. Our friends 
in Great Britain, however, have grown up in a somewhat more liberal 
insurance rating atmosphere. Apparently they place more trust than 
we do in competition and sane judgment. The following rather amus- 
ing letter was published in the Manchester (England) Guardian 
Weekly for July 30,1959 : 

“Your article on car insurance contains one statement which calls 
for correction. Your correspondent says that insurance com- 
panies accept possession of a valid driving license as the only 
qualification necessary for the granting of 3rd party insurance. 
“As an actor I have found that this is not so. Although I have 
had a clear driving license for 5 years I have on several occasions 
found that my proposal for 3rd party insurance has been refused 
outright because of my occupation. I finally obtained 3rd party 
only, passenger liability excluded, and the premium ‘loaded.’ 
Comprehensive, I was told, was out of the question except for a 
fantastic premium. 
“Even worse, in my opinion, is the state of affairs described to me 
by an actor who owns a self-drive car hire firm. In the first place 
insurance cover for his business was difficult enough to get be- 
cause he was connected with the ‘entertainment industry,’ but 
further, he was required not to hire his cars to, among others, 
actors, publicans, jockeys, pilots, ice cream vendors, and log 
merchants ! 
“And most absurd of all are the car dealers who are keen to sell 
you their cars and who are also insurance agents. They find it 
necessary to suggest as I have had done to me, that if I describe 
myself as, perhaps, an ‘interpreter’ (dramatically, I suppose) or 
‘Commercial Artist’ all will be well. No doubt it would be until 
the first court case, when such falsification might leave the cus- 
tomer uninsured and criminally guilty and the agent untouched. 
“Surely, if the law requires us to have 3rd party insurance it 
should be available to all on equal terms with our fellow-motor- 
ists.” “Yours &c 

“Paul Whitsun-Jones 
“12 Flask Walk 
“London NW 3” 
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In this country, though his premium would not be arbitrarily “loaded”, 
Mr. Whitsun-Jones would be in the assigned risk plan and even more 
unhappy. I quote this letter merely to show that automobile insur- 
ance can be operated on a different plan from ours. It is my impres- 
sion that, in spite of Mr. Whitsun-Jones’s dissatisfaction, there is 
more justice and less turmoil in British insurance than in ours. 

I believe the insuring public would be better served, the premiums 
charged would be more equitable (by which I mean more nearly com- 
mensurate with the inherent hazard involved), and there would be a 
much more open and healthy competitive atmsophere in the private 
passenger automobile insurance market if carriers were permitted the 
exercise of some judgment in individual risk rate determination 
within the framework of over-all state supervision of rating admin- 
istration. 

There remains still the fear that unregulated rates in the face of 
keen competition will be inadequate rates from the point of view of 
company solvency, thus endangering the very security of our system. 
Under today’s operating procedures, however., the safety of a carrier 
is irretrievably given over to the judgment of its underwriting organi- 
zation through the authority to accept and reject. A company can sink 
into insolvency with tragic speed through bad risk selection even 
with every rate charged strictly according to manual. Why should we 
expect our staffs, which we trust to exercise adequate restraint in 
risk selection, to cast that restraint to the winds if given some limited 
discretion in rate assignment? 

Some will accuse me at this point of selling my actuarial profession 
down the river. I plead “not guilty.” It has always seemed to me that 
when the law is too pervasive the atmosphere breeds shysterism. The 
present regulatory climate makes actuarial shysterism a distinct, 
though, I hope, as yet an unrealized, possibility. When the rating laws 
or their administration in any state is unrealistic or pettifogging the 
temptation is very strong for the actuary to forget his professional 
obligation which is to seek the best estimate of a future rate and 
instead, to become the protagonist who uses his skill to argue his 
client’s cause regardless of merit. In the three-cornered contest pro- 
duced by current conditions, with the carriers, the agents, and the 
insurance departments all employing actuaries to interpret and pro- 
mote their parochial points of view, the temptation has at times 
become well-nigh irresistible. 

There would be adequate place for the actuary in a freer rating 
climate. The freedom I suggest does exist in the life insurance busi- 
ness where the actuary seems to do very well, and, although the 
actuarial problems in life insurance differ materially from those in 
fire and casualty insurance, there is a common need in both fields for 
rational analysis and the tempering of what is competitively wished 
for by what has a reasonable hope for success. The actuary can and 
does supply technical skill and logical perspective to the solution of 
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problems involving insurance rating and risk evaluation. These 
attributes grow in usefulness as the carriers gain in freedom. 

But let us never make the basic mistake of considering the actuary 
a brake on competition. The current automobile situation clearly dem- 
onstrates that competition is alive in our business and that the actu- 
ary should be in the thick of it. With his analytical training, his 
interest in discovering relationships, and his familiarity with the sub- 
stantive data of the business, he is- uniquely placed for the exercise 
of creative imagination. He should be the source of new ideas and of 
new approaches to old ones. Such talents are much in demand in a 
free competitive system and the freer the system the greater should 
be the demand. In the current automobile dancing mania the Bureau 
actuaries have come in for a great deal of criticism from both the 
fearful and the offended. Some day in the future we shall all know 
just how good or bad this latest creation of theirs has turned out to be. 
Certainly I am no prophet. But one thing I know: their action has 
been in the best actuarial tradition ; it has been logically developed, 
honestly presented, and saturated with the competitive spirit. I 
salute them for it. 
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EXPOSURE BASES REVISITED 
By Amy Bouska 

ABSTRACT 

The paper has many purposes. They are: (1) to review the 

definition and selection of an exposure base and to clarify the 

distinction between the exposure base and variables which are 

used in classification: (2) to review the exposure bases 

currently in use for manually rated risks, and to note how the 

manual exposure base becomes less important as the risk size 

increases; (3) to highlight problems in the determination of an 

exposure base (including temporal mismatch, interpretive 

mismatch, and complexity of hazard): and (4) to discuss both the 

current controversy regarding the use of payroll as the exposure 

base for workers' compensation and the recent change in the 

exposure bases for general liability. 

INTRODUCTION 

The business of insurance presumes an exposure to loss: if 

there is no possibility of a loss, there is no need for 

insurance. However, if an entity does have an exposure to loss, 

it is desirable that the cost of transferring that loss to 

another party be proportional to the expected loss, which is 

assumed to vary with the size of the exposure base. Thus, the 

selection of an exposure base, which quantifies and proxies for 

the exposure, is a fundamental step in the insurance process. 
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The following discussion is limited to the property and casualty 

lines of insurance in the United states and is not intended to 

address the life, pension, or accident and health lines or 

foreign business: nor is it intended to be an exhaustive survey 

of all exposure bases or rating plans used by individual 

companies. 

DEFINITION 

The classic definitions of exposure and premium bases were 

supplied by Paul Dorweiler in his 1929 paper "Notes on Exposures 

and Premium Bases.lll In that paper, he wrote that "when 

critical conditions and injurable objects exist in such 

relationship that accidents may result there is said to be 

exposure1m2 and w . ..premium funds are accumulated from charges 

called the rate collected per unit exposure. The exposure 

medium selected as the basis for the charge of the premium is 

known as the premium basis.#13 

He notes that the premium basis cannot be selected arbitrarily: 

"Obviously, the premiums collected are to be proportional to the 

'Dorweiler, p., "Notes on Exposures and Premium Bases," 
PCAS XVI, 1929, p. 319; reprinted: m LVIII, 1971, p. 59. 

'Dorweiler, p. 59. 

3Dorweiler, p. 60. 
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hazard which is measured by the losses. . . . . The medium most 

desirable as a premium basis is the one possessing a combination 

of these two qualifications in the largest degree: 1. Magnitude 

of the Medium should vary with hazard. . . . 2. The Medium should 

be practical and preferably already in use.lt4 

Although the premium basis is somewhat less accurately referred 

to as the exposure base today, the definition and requirements 

are as correct and pertinent now as they were sixty years ago. 

In their text Insurance Comaanv Operations,’ Webb et al. 

expanded on Dorweiler's requirement of "practicality" by 

stating that “A good exposure base should have three 

characteristics. First and foremost, of course, it should be an 

accurate measure of the exposure to loss. Second, it should be 

easy for the insurer to determine. Finally, it should be 

difficult for the insured to manipulate.*V6 Adding one more 

level of cynicism (or realism, as the case may be), we should 

also require that the exposure base be immune to manipulation by 

underwriters. 

Underlying all of these definitions are two themes: the 

relatively simple and reliable development of correct premiums 

4Dorweiler, p. 61. 

5Webb, B.L., Launie, J.J., Rokes, W.P., Baqlini, N.A., 
Insurance Comuanv Onerations, Volume II, American Institute for 
Property and Liability Underwriters, 1978. 

'Webb et al., p. 25 
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for the insurers (i.e., it should accurately reflect the overall 

exposure to loss, be simple to compile, and not be subject to 

manipulation) and equitable distribution of those premiums among 

the insureds (i.e., it should accurately reflect differences in 

exposure to loss). It is not surprising that some historically 

appropriate exposure bases are showing signs of failing to 

satisfy these two conditions. The bases may have functioned 

well--or at least without controversy--in a world where the 

risks were relatively well understood, the insured commercial 

population was regulated, the economic and social structures 

were stable, and the insurers used bureau rates. Changes in 

these external conditions and internal weaknesses in the 

underlying insurance structure are causing exposure base 

problems. 

SELECTION OF AN EXPOSURE BASE 

Before considering the impact of the changing environment, 

however, it is important to pause and consider the process 

involved in selecting an exposure base for a line of insurance. 

The first step is to analyze the coverage offered and the 

coverage trigger to determine what factors influence the 

expected losses. Some of these factors will not be usable in 

the determination of premiums (see the Comments later in this 

section). Those which are usable will be divided into two 

groups: the first group, consisting of one factor, will be the 
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exposure base, and the second group will be the rating 

variables, which influence the projected expected losses 

indirectly by affecting the rate. 

This division is based on the simple theoretical equation: 

A. (number of exposure units) x (loss cost per exposure 

unit) = expected losses. 

This is derived from the equation we define to be true: 

Al. f(exposure) = expected losses. 

As will be discussed later, the true exposure is complex and 

changing, so we must simplify by selecting a proxy for the true 

exposure. This is the exposure base, The theoretical model is 

then quantified to become: 

B. (number of exposure base units) x (loss cost per 

exposure base unit) = expected losses. 

Once the exposure base has been selected, projection of the loss 

cost per exposure base unit (usually by projection of frequency 

and severity) is the core of the ratemaking process. The loss 

cost generally varies with different combinations of the other 

factors. These combinations are known as the rating variables 

or class plan, and they may affect the loss cost 
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through either the frequency or the severity or both. Equation 

B can also be written as: 

Bl. (number of exposure base units) x (expected number of 

losses per exposure base unit) x (expected dollars per 

loss) = expected losses, or 

B2. (number of exposure base units) x (frequency) x 

(severity) = expected losses. 

The final step in the manual ratemaking process is the inclusion 

of expenses, which leads to the equation: 

C. (number of premium base units) x (rate per premium base 

unit) = manual premium. 

In practice, the exposure base unit in equation B and the 

premium base unit in equation C are always the same and the 

terms are used interchangeably. 

Thus, expected losses (and premium) do not vary only with the 

exposure base, but also with many other factors which are built 

into the rating variables. Any factor which affects the losses 

but has not been quantified in either the exposure base or the 

class plan will allow the company which recognizes it in 

underwriting to "skim the cream" of the business. In this way, 

simple classification plans provide the opportunity for 

sophisticated companies to make profits by accepting only the 

better r isks w ithin a class. 
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In general, the factor selected as the exposure base should have 

a uniform multiplicative relationship with all of the expected 

loss costs and rates, i.e., within any rating class, the same 

rate will be used for one unit or fifty units (as opposed to 

requiring a higher or lower rate with increasing volume). Thus, 

a policy covering two physicians practicing the same specialty 

in the same territory will use the same rate but multiply it by 

two, producing twice the premium.7 

It is also desirable that the factor selected as the exposure 

base be simple and have an obvious relationship to losses. In 

addition to making the plan easier to use, simplicity is likely 

to enhance its perceived equity, even if the technical accuracy 

is not improved. 

It is important to make note of two things which exposure bases 

are not. First, the exposure base is not the true exposure. 

The exposure base is a proxy for the true exposure, which we are 

unable to know, both because it is constantly changing and 

because it is generally a function of a large number of 

7This simple multiplicative relationship is occasionally 
modified later in the calculation of the premium, either to 
reflect some exposure effect or to recognize the decrease in 
unit expenses associated with larger policies. Examples include 
(1) the multi-car discount in private passenger auto, which 
reflects the reduced usage and 
policies covering multiple cars, 

improved loss experience on 
and (2) premium discount plans 

in workers' compensation and other commercial lines, which 
reflect the decreased percentage of the premium required to 
cover fixed expenses for large premium policies. 
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variables. For example, the collision exposure of a private 

passenger auto is effectively zero when it is parked in a secure 

garage, somewhat higher when it is being driven on an isolated 

highway by an alert and competent driver, and substantially 

higher on a crowded street with a drunk driver. The exposure 

base (car-month) recognizes the average situation rather than 

these fluctuations in the true exposure to loss. As is noted 

later, there are even situations where the exposure base is zero 

but a significant exposure still exists. The best way to keep 

this distinction clearly in mind is to think of the exposure 

base as the Qnits*' designator (square footage, payroll, etc.) 

of a blank to be filled in on the premium calculation worksheet. 

Second, the exposure base is not a rating variable, although the 

dividing line between the two is somewhat arbitrary at times. 

In order to determine the correct manual premium for a risk, it 

is first necessary to classify the risk based on whatever the 

rating variables are for the risk under consideration. Once the 

risk's classification is known, the rate for that classification 

is multiplied by the number of exposure units to produce the 

premium. As is noted above, the use of a variable in the 

exposure base implies a uniform and continuous multiplicative 

relationship between the variable and the expected losses: use 

as a rating element implies a discrete, nonlinear relationship. 

For example, physican-month is an exposure base, and coverage 

for two physician-months costs twice as much as the coverage for 

one physician-month. On the other hand, age is a 
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rating variable, and coverage for Driver A who is twice as old 

as Driver B does not (usually) cost twice as much. 

Comments 

It is important to remember that, for most lines of business, 

the exposure to loss varies with a substantial number of 

factors. some of these cannot be used in determining the 

premium because they are either indeterminate, too subjective, 

or fluctuate too rapidly. An example of such a factor would be 

the mood of an automobile driver --while it could be argued that 

a person who is angry (either momentarily or on average) is more 

likely to have an accident, this is not used in any rating 

scheme. 

Some factors may have a demonstrable or assumed correlation with 

losses but may be socially unacceptable as a rating variable or 

exposure base. Foremost among these are race and religion: age 

and gender are still used in many private passenger automobile 

rating plans but are being attacked (and defended) on social 

equity grounds. 

Other factors which are observable but not quantifiable are 

allowed to influence commercial lines rates through the 

individual risk rating plans. Schedule rating plans for 

commercial general liability, for example, allow modification of 

the rate based on upkeep of the premises and management 

attitude. 
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The variables which are left--those which are socially 

acceptable, quantifiable, and demonstrably related to the level 

of losses--may be used directly in determining the premium. The 

one with the most uniform relationship to the losses will be the 

exposure base. The others can be used in the classification 

plan. 

A nonexhaustive list of the factors affecting the final premium 

for some of the major lines of business includes: 

Property: construction, occupancy, location (territory), 

external hazards (technically called *texposure98 but not in 

the same sense as the topic of this paper), internal 

protection (sprinklers, smoke alarms), external protection 

(local fire department and police), amount of insurance: 

Automobile liability: driver's age, gender, marital status, 

driving record, and school record: business or pleasure use: 

mileage or distance to work: radius of operation: location 

(territory of principal garaging): truck weight: insurance 

limit: number of vehicles: claims experience (safe driving 

credit (personal) or experience modification (commercial)): 

Automobile physical damage: car make, model and year for private 

passenger auto or vehicle age and original cost new for 

commercial autos; number of vehicles; territory: deductible: 

claims experience: 
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Workers' compensation: location (territory), occupation, claims 

experience (experience modification), payroll: and 

General liability: classification: territory: insurance limit: 

type of coverage (claims-made or occurrence); claims 

experience: square footage or acreage, payroll or receipts: 

new/discontinued businesses. 

Some of these factors--notably territory--are proxies for more 

basic influences on the level of losses, such as cost of medical 

care, traffic density and tendency to litigate. 

As these lists make clear, many factors affect the expected 

losses (and, therefore, the premium) in any given line or 

subline of insurance, but only one becomes the exposure base. 

A SUMMARY OF THE MAJOR LINES OF 

INSURANCE AND THEIR EXPOSURE BASES 

NY Pro e* Covera es 

Glass coverage is rated on the square footage: all other 

coverage8 are based on the limit of insurance in hundreds of 

dollars, which is assumed to be related to the value of the 

property insured. 
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Homeowners and Farmowners Hultiueril (Annual Statement Lines 

3 h 41 

The property and crime sections of these policies generally use 

the insured value (in hundreds or thousands of dollars) as an 

exposure base. The liability section has an implicit exposure 

base of one household. 

Ocean and Inland Marine (Annual Statement Lines 8 & 91 

These lines are essentially property coverages and are generally 

based on the insured value in whole dollars. However, there are 

numerous exceptions, since t'inland marine" covers a multitude of 

sins. 

&&craft -- All Peril8 (Annual Statement Line 221 

Aircraft hull coverage is rated on the insured value (in 

thousands of dollars): liability is based on revenue-passenger 

niles (or kilometers). 

Burslarv and Theft (Crime) (Annual Statement Line 26) 

The crime coverages are rated on the insured value in thousands 

of dollars. 
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Boiler and Machinery (Annual Statement Line 271 

Boiler and machinery coverage uses the number of objects as its 

exposure base. 

Credit (Annual Statement Line 28l 

Credit coverage is based on the dollars of indebtedness. 

Fidelitv and Suretv (Annual Statement Lines 23 & 241 

Fidelity coverages are rated on the number of persons: surety, 

on the amount of coverage (contract cost) in thousands of 

dollars. 

* 

All private passenger and commercial liability, no-fault, and 

physical damage coverage is based on the number of car-months. 

Workers' ComDensation (Annual Statement Line 161 

There has been a great deal of discussion about the exposure 

base for workers' compensation, but it remains payroll (limited 

payroll for officers and sole proprietors and partners) in every 

state except Washington. 
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Medical Mabractice (Annual Statement Line 111 

Hospitals and other health care facilities are rated on occupied 

beds and outpatient visits; premiums for health care providers 

(physicians 6r surgeons, dentists, optometrists, etc.) are based 

on provider-months. 

Y CAnnual Statement Line 171 General L iabilit 

The exposures bases for the various general liability sublines 

and classes used to range from mundane (square footage) to 

mercenary (payroll) to morbid (number of bodies). Since the 

introduction of the Insurance Services Office (ISO) 

Simplification Program in 1986, most classes are now rated on 

either gross sales or payroll, although apartment exposures use 

the number of units, and rates for offices and lessors are based 

on area. There are numerous other exceptions, such as the use 

of number of tanks for underground tank pollution liability 

rating. 

Reinsurance (Annual Statement Line 30) 

Facultative reinsurance has as many different exposure bases as 

does primary insurance: treaty reinsurance is generally rated as 

a percentage of the underlying premium. 
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LARGE RISKS 

Large risks are an exception to almost all of the above because 

they are frequently subject to either composite or loss rating 

plans which modify the usual exposure bases. 

Under a composite rating plan, the risk's premium is calculated 

normally and then divided by a proxy exposure base, such as 

mileage or receipts for long-haul trucking firms. This gives a 

rate per proxy unit. When the policy expires, the firm's 

records are audited in order to determine the actual receipts 

(or mileage), and this is used to calculate the final premium. 

The intention is to simplify the rating for insureds with 

hundreds of vehicles in their auto fleets or many insured 

locations. The proxy base should have at least some reasonable 

relationship to the expected losses, but it does not usually 

reflect the detail of the underlying exposure bases and 

classification systems. 

If a large risk is loss-rated, the premium is calculated 

directly from its historical losses without any reference to the 

standard rating plans. In this case it is correct to say that 

the exposure base is the risk itself and the rate is its 

expected losses. If, in addition, a composite rating procedure 

is used in order to reflect changes during the year, then a 

proxy base is introduced. 

31 



Recall equation C: 

C. (number of premium base units) x (rate per premium base 

unit) = manual premium 

In this equation, the rate is a classification or manual rate 

(the subject of Part 6). such a manual premium is used directly 

only for small risks. The premium for a medium-sized risk is 

frequently modified by schedule rating and expense modifiers, 

which reflect characteristics of the individual risk, and 

experience modifications and dividends, both of which give some 

recognition to the risk's own experience. This changes equation 

C to give: 

C-medium: (number of premium base units) x (rate per premium 

base unit) x (schedule modifiers) x (experience 

modifiers) = manual premium x modifiers = charged 

premium. 

If the risk is composite-rated, this equation is continued to: 

C-camp: "charged" premium = (number of expected proxy 

units) x (rate per proxy unit.) 

At the final audit, the actual number of proxy- units is 

determined and multiplied by the rate derived above to give the 

final premium. 

AS the size of the risk increases, more and more weight is put 

on the individual risk, diminishing the importance of the manual 
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rate. In the case of a very large, loss-rated risk, the normal 

underlying exposure base and class plan disappear, leaving: 

C-large: expected losses + expense load = charged premium. 

THE CHARGING ENVIRONMENT 

There is a pervasive feeling that accurately forecasting losses 

in some lines of insurance has become impossible. The problem 

is frequently attributed to the degradation of the tort system, 

an increase in litigiousness, and the search for "deep 

pockets." These have clearly made it very difficult to 

accurately estimate the future frequency and severity of 

losses. However, in some cases, it may be more correct to say 

that we have not been able to identify an exposure base which 

successfully reflects these and other changes. 

As we will see, many of the problems of mismatch between 

exposure bases and the underlying exposures for which they are 

proxies arise from the exchange of a steady-state universe for 

one subject to abrupt changes. Determining the expected losses 

is easy when all factors are constant; the demands become 

somewhat greater but are still generally manageable if constant 

change, such as a constant rate of growth, is introduced into 

the system (see, for example, Steve Philbrick's paper 

"Implications of Sales as an Exposure Base for Products 

33 



Liability*18). In recent years, these changes include emerging 

theories of liability, economic inflation, social inflation, 

changing insurance requirements and preferences, new products 

and services, increased tendencies towards acquisitions and 

divestitures, deregulation of industries such as trucking, 

technological advances, and the emergence of long-tail 

exposures. When severe discontinuities appear, the underlying 

correspondence between the expected losses and the exposure base 

can be disrupted beyond correction. The following is a 

discussion of three types of problems in the selection of the 

exposure base: temporal mismatch, interpretive mismatch, and 

complexity of hazard. 

These problems should not be confused with the ever-present 

ratemaking problem of future shock. A failure to accurately 

predict the frequency and/or severity of future losses is 

usually a problem with our crystal balls (or other ratemaking 

tools), not the sign of a failing exposure base. For example, 

medical malpractice occurrence rates have been historically 

inadequate in spite of having a coverage trigger which is rarely 

a matter of dispute. 

------------------------ 

'Philbrick, S., "Implications of Sales as an Exposure Base 
for Product Liability," PCAS LXVII, 1980, p. 181. 
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Problem: Temvoral Mismatch 

As the tail of liability losses lengthens and coverage triggers 

are changed in order to ease pricing and reserving problems, the 

possibility of a temporal mismatch between expected losses and 

an otherwise acceptable exposure base arises. The two 

outstanding examples of this are claims-made policies and 

products liability. 

Claims-made policies are triggered by the notice of a claim but 

rated on the normal occurrence exposure base, a physician-month 

in medical malpractice, for example. If the practice of 

medicine for a year causes a number of claims, some of them will 

generally be filed after the policy expires, giving rise to a 

loss under an occurrence policy but not under a claims-made 

policy. No other candidate for the exposure base of a 

claims-made policy has been identified and the problem has been 

solved by the incorporation of a rating step to recognize the 

number of years since the retroactive date (i.e., the year in 

claims-made). The calculation of this modification is 

thoroughly discussed in "Rating Claims-Made Insurance Policiesgl 

by J.O. Marker and F.J. Mohl.g 

'Marker, J.0, and Mohl, F.J., "Rating Claims-Made 
Insurance Policies," Pricino Prooertv and Casualtv Insurance 
Products, CAS Discussion Paper Program, 1980, p. 265. 



Careful evaluation of the trigger is necessary when making the 

adjustment, since, for example, the new CGL claims-made form is 

triggered when notification has been received and recorded by 

any insured or by the insurer. This may be a relatively long 

time before a formal claim is filed with the insurance company. 

Products liability coverage is triggered by the injury but the 

exposure base is sales (with the exception of the few classes 

where products coverage is included with the premises and 

operations coverage). If the trigger were based on the date of 

manufacture or if the product has a short lifespan, it appears 

that sales would be a reasonable exposure base (ignoring for a 

moment ratemaking problems arising from the long tail, social 

inflation, etc.). However, triggering coverage on the date of 

injury gives rise to a mismatch. The problem is most easily 

illustrated by the case of a manufacturer who has gone out of 

business and therefore has no sales but whose products are still 

being used and producing injuries. The situation is frequently 

encountered in the case of the acquisition of a company with a 

discontinued product line which is still in use or the 

evaluation of a conglomerate which has actively acquired and 

disposed of subsidiaries over the years. 

One possible solution to this mismatch would be to change the 

exposure base to "products in use during the year." 

Unfortunately, while more precise in its reflection of the 

exposure, this is not an easily available figure and it 
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therefore fails the second test of a potential exposure base, 

namely that it be easily available and not subject to 

manipulation. 

A more acceptable answer has been proposed by Steve Philbrick in 

his paper "Implications of Sales as an Exposure Base for 

Products Liability.lUlo In this article, he also develops the 

adjustment methodology which could be used as an input to 

schedule rating to correct for the mismatch. 

In general, the temporal mismatch problem can be solved, 

although the solution is likely to be inexact. 

Problems: Intervretive Mismatch 

The exposure base selected must be compatible with policy 

language which is sufficiently precise so that mismatch does not 

arise through deliberate or accidental misinterpretation of the 

coverage trigger. For example, a pollution policy meant to 

cover losses arising out of disposal activities starting after 

policy inception could be rated on tons of waste produced (or 

disposed of, if there is a lag between production and 

disposal). This is a reasonable prosvective exposure base, but 

------------------------ 

l'philbrick, p. 181. 
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the policy language must be precise and enforceable or there is 

a possibility that courts will find coverage for losses from 

past disposal activities, for which a different exposure base 

would be necessary. 

Without commenting on the appropriateness of the asbestos 

coverage theories used to date and ignoring the fact that 

products liability is already subject to temporal mismatch, the 

fact that it is possible for injury to one person to trigger 

many policies indicates that interpretive mismatch is also a 

problem for the affected products policies. Even if these 

policies had been rated on "products in use during the year," 

coverage would not have been expected from the policies 

triggered after the asbestos work stopped (the "injury in 

residence" and "manifestation@* triggers). 

Problems: Comnlexitv of Hazard 

In some cases, the problems are much more basic than those 

mentioned previously. The difficulty frequently lies in the 

first step of determining the exposure base, i.e., making a 

complete list of all factors affecting the level of losses. 

What, for instance, would be contained in such a list for 

directors and officers (D&O) insurance? Obvious candidates 

include: 

- the number of directors and officers 

- business activities 
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- (change in) revenues 

- (change in) profits 

- (change in) assets 

- number of stockholders 

- number of employees 

- hiring/firing policies 

- (change in) overall financial condition as rated by S&P 

- (change in) stock price 

- attractiveness as an acquisition 

- responses to past acguisition offers (e.g., tWpoison 

pills") 

- state of domicile 

- response to any recent emergencies (accidents, etc.) 

- recent changes in management 

- . ...?? 

All of these are believed to have some bearing on the likelihood 

or size of D&O claims, which have been known to arise from 

abrupt changes in a company's stock price, resistance on the 

part of the directors to being acquired, and wrongful 

termination of employees. But is the list complete? Probably 

not. Even if it is, the numerical relationship of the factors 

to the loss level is unclear even for the most obvious candidate 

for the exposure base: does a company with twice as many 

directors have twice the exposure to loss? Probably not. 

It could be argued that the general reluctance of the industry 

to offer this coverage is an outgrowth of our inability to 
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determine a meaningful exposure base for it. It is to be hoped 

that when (if?) we are able to correlate the losses with some 

other measurable factor, the l*D&O crisisll will abate. 

THE INTERNAL ENVIRONMENT 

In fairness to the world at large, it must be admitted that not 

all problems with exposure bases arise outside of the insurance 

industry. Two serious problems are based on insurance company 

practices themselves: (1) exposure estimates can be (and are) 

manipulated in response to the competitive situation, and (2) 

even when the policy premium is based on the correct exposures, 

the coding of the exposure information into the computer records 

is often poor, with whole dollars frequently switched with "per 

hundreds" or "per thousands." 

Mechanical rating and direct production of the statistical 

records from the policy rating files will solve the second 

problem, but control of the first is likely to be more elusive. 

Most companies track their average premium per policy rather 

than the average premium per exposure unit so that good exposure 

data is not considered necessary. In addition, competitive 

pressures tend to degrade the exposure data. In a very 

competitive (soft) insurance market, a low price can be produced 

in a variety of ways, a number of which are legitimate but 

frequently require documentation, such as-the aggressive use of 

schedule rating. In some instances, it is easier for the 
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underwriter to n+low-ballI@ the exposure estimate. In theory, 

such r*errors~~ will be corrected when the policy is audited, but 

that is usually eighteen months in the future (and after the 

renewal). Under the calendar/accident year ratemaking used for 

many lines, audit premiums are reported and fully earned in the 

calendar year of the audit, not the calendar year(s) when the 

policy premium was earned. Thus, even in the case of perfectly 

correct audits, a severe mismatch between the premiums and 

losses can be introduced by low exposure estimates. In a steady 

state, the rates eventually respond to a systematic 

underestimation of the exposures, but when the insurance cycle 

changes quickly and the "low-balling" stops abruptly, the 

problem of excessive rates appears. 

Thus, some of the practical mismatch between exposures and 

exposure bases can be attributed to the pricing practices of the 

industry as a whole rather than a more esoteric theoretical 

failure. 

CHANGING EXF'OSURE RASES: 

CAUSES AND CONTROVERSY 

Once established, the exposure base for a line of insurance 

tends to acquire an aura of sanctity. It is very difficult and 

very expensive to change the exposure base for a widely written 

line: difficult, because the historical data uses the old base, 

but the new rates must refer to the new base; and expensive, 
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because data on both bases must be collected for at least one 

year prior to the change or all insured9 must be contacted to 

determine their new exposure and then all policies must be 

rerated and reissued. 

So why change? In theory, change could be caused by a better 

understanding of the nature of the exposure. In practice, this 

does not seem to be the case, either because a line does not 

become widely written until the exposure is reasonably well 

understood, or because the marginal gain is less than the cost, 

or because inertia is stronger than the profit motive. Thus, 

the two recent exposure base controversies have been forced on 

the industry by changes in the world which is being insured. 

One of these--in workers' compensation --was caused by increasing 

discontent among insureds over inequities in the rating 

mechanism: the other--in general liability--was the result of 

both the industry's difficulty in keeping rates current and the 

increasing automation of commercial lines. 

It should be noted that the frequent discussions regarding the 

use of driving record in place of age, gender and/or marital 

status in determining private passenger auto premiums concern 

only the rating plan, not the exposure base. To date, there has 

been very little discussion of the use of car-months, although 
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Andrew Tobias in his book The Invisible Bankers" suggested 

a plan based on fuel consumption. However, as the workers' 

compensation changes illustrate, the line between the exposure 

base and the rating plan is very fine, and a discussion which 

begins on one side of that line may well finish on the other. 

Workers' Comensation (WC): Hours-worked vs. Pavrola 

The problem is simple: consider two construction firms, one of 

which is unionized and one of which is not. Assume they have 

the same number of employees, do the same type of work, and have 

the same expected number and type of losses. If the unionized 

company pays more per hour, it will have a higher payroll and, 

therefore, pay more for its workers' compensation coverage. To 

the extent that its indemnity losses (based on lost wages) are 

higher, this premium difference is correct: however, to the 

extent that the losses arise from medical payments or are capped 

by the maximum benefits payable under state law, the difference 

is not justified in terms of expected losses. Obviously, there 

is no problem if the work is sufficiently different that 

separate classifications are used. 

For many years, limited payroll--reflecting the limited 

------------------------ 

'lTobias, Andrew, The Invisible Bankers, Washington Square 
Press, 1982, in the section 18Pay-As-You-Drive: How God Would 
Restructure Automobile Insurance8N (p. 230). 
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benefits--was the exposure base for WC in all states other than 

Washington which used and still uses work-hours. In the early 

198Os, the payroll limitation was removed. This change 

obviously made the problem worse. 

In 1904-85, the perceived inequity became a matter of national 

debate between the National Council on Compensation Insurance 

(NCCI) on the one hand and insureds (both labor and management) 

on the other. It was caused not only by union/nonunion 

differentials, but also by the varying wage scales which 

appeared as a result of deregulation in many industries. Based 

on these differences, the insureds proposed both hours-worked 

and mixed hours-worked/payroll as exposure bases, while the NCCI 

preferred to retain unlimited payroll because it was easy to 

verify and it reduces the size of the annual rate revisions 

needed. Regulators were concerned that, whatever program 

resulted, it should be fair and encourage workplace safety. 

Because wage level and unionization status are not recorded in 

the standard WC data, insurance records at NCCI and insurance 

companies could not resolve the question. Therefore, the state 

of Oregon did a special "Study of Premium Equity by Employer 

Groups.11 Obviously, the issue was not important to very large 

employers whose experience is fully credible, so the study 

addressed primarily the small (nonexperience-rated) and medium 

(experience-rated but not fully credible) employers. 
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NCCI's analysis of the Oregon data found no bias against either 

union or high wage paying employers among the small employers, 

but it did show that high wage paying and union employers in the 

medium-sized group developed lower loss costs per premium dollar 

(11% and 12% less, respectively). This result appears somewhat 

counter-intuitive, since one would expect a oriori that the 

availability of experience rating would reduce the bias. 

Among others, the Florida Labor/Management Council proposed a 

mixed rating base, using both payroll (for wage-related 

benefits) and worker-hours (for medical-related benefits). 

Payroll won out in the exposure base arena, but concessions were 

made on the classification side: in California, each of six 

construction classes were split into two new classifications 

(high and low wage rates); in Florida, a table of credits based 

on wage rates was implemented for all contracting classes; in 

Oregon, the legislature authorized the collection of worker-hour 

data by the NCCI and the Oregon workers compensation division: 

and the NCCI-proposed Loss Ratio Adjustment Program (LRAP) was 

Put into place in Oregon, Illinois, Maryland and Nebraska, 

although the approved version differed by state. 

LRAP is a modification to the WC experience rating plan for the 

specific construction classifications shown to have problems. 

Its effect is to make the experience rating plan more responsive 

to the individual employer's three-year loss ratio. NCCI 
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favored this response because it was problem-specific (i.e., did 

not affect other classifications), did not require an overall 

rate change, and encouraged workplace safety. 

Thus, what began as an exposure base question was addressed by 

changes to various other parts (classification and experience 

modification) of the rating system. 

Virtually all of the public attention to the ISO's Commercial 

Lines Policy and Rating Simplification Project was focused on 

the expansion of the claims-made coverage form to all sublfnes 

of general liability (GL) and, to a lesser extent, the changes 

to the pollution coverage. However, this program, which became 

effective in 1986 and 1987, also encompassed a massive revision 

of the exposure bases for GL in addition to substantial 

revisions to the forms, classification plans, and coverages of 

nearly all IS0 lines (i.e., WC and surety were not affected 

because IS0 is not the primary bureau for these lines: although 

it is an IS0 line, professional liability was not revised). 

In terms of the impact on insureds and insurers, the changes to 

the forms and exposure bases were much more important than the 

expansion of the claims-made form. This was partly true because 

the softening market in 1986 and 1967 meant that insurers and 

reinsurers were more willing to write occurrence coverage, so 
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that the usage of claims-made was much more restricted than was 

originally thought. However, even if the hard market had 

continued, many insureds--and, in all likelihood, many smaller 

insurance companies--would have continued on occurrence 

policies, but no one escaped the other changes. 

Each of the three major GL industry groups was brought to a 

single exposure base for all of their sublines and coverages. 

Thus: 

Prior 

Group Current Prem/Om prod/Corn ODS 

Mercantile Gross Sales Area Receipts 

Manufacturing Gross Sales Payroll Receipts 

Contracting Payroll Payroll Receipts 

Some exceptions to the above remain. The most major of these 

are apartments, which were rated on area but changed to units, 

and office buildings, which were and are based on area. 

The short diagram above conceals the true extent of the 

simplification. In order to calculate the premium for a small 

contractor before simplification, for example, the underwriter 

needed to know (1) the payroll . . . for the M&C coverage; (2) 

receipts . . . for the products/completed ops coverage; (3) total 

contract cost . . . for the contractual liability: (4) the 



building's fire rate . . . for fire damage legal liability; (5) 

the M&C property damage rate . . . for broad form property damage 

coverage: and the M&C bodily injury rate . . . for personal and 

advertising injury. Under the new structure, all of these 

coverages are based on payroll. 

These changes were implemented for a variety of reasons, 

including (1) simplification of rating, both manual and 

mechanized, (2) sensitivity to inflation, and (3) sensitivity to 

economic cycles. It is, of course, very desirable to have an 

exposure base which incorporates inflation, fully or partially, 

since this reduces the need for frequent and relatively large 

rate filings. 

The changeover was not easy for many reasons. Among the most 

important of the difficulties were the premium swings caused by 

the change of exposure bases. 

IS0 realized that the change from area to receipts (gross sales) 

would cause large premium swings for some insureds and filed a 

transition program along with the new policies. The transition 

program was meant to cap the premium effeqt of only the exposure 

base change. Using Dun L Bradstreet data, IS0 calculated the 

average ratio of receipts to area for each class, territory and 

state and used this to convert the current area-based rates to 

the new receipts base. If an insured had a higher-than-average 

ratio of receipts to area, this would cause its premium to 

48 



increase substantially. The increase (and decrease) was capped 

by the establishment of maximum and minimum ratios for each 

class, territory and state. The caps increased over five years 

to bring the insureds to their new premium gradually. 

ISO'S preliminary investigations indicated that the 

manufacturing and contracting classes did not have as much 

variability in their exposure base ratios, so no transition 

program was developed for these classes. However, as companies 

began to implement the simplified policies, it quickly became 

apparent that there was a problem. This was exacerbated by the 

effects of the change to a combined single limit and the 

inclusion of other coverages in the base rate. IS0 responded by 

filing a transition program for other than mercantile risks, but 

it used countrywide caps rather than varying them by state and 

territory. 

On the whole, the expanded transition program was successful, 

but it was given very little credit. In many cases, the first 

renewal on the simplified forms followed the hardening of the 

market. This meant that premium increases due to changes in 

companies' rates and deviations were frequently blamed on the 

exposure base change. Premium increases from changes in the 

increased limits tables (also part of the simplification 

program) made this problem worse. 

From the companies* viewpoint, the transition program was a 
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mixed blessing. On the negative side, it represented another 

training and programming hurdle: it introduced another step in 

the rating process which will persist for five years for many 

risks: and it was difficult to explain to insureds. On the 

positive side, once it was expanded, it did what it was designed 

to do, and it provided a convenient scapegoat for rate 

increases. 

One long-term result of the exposure base change which has been 

given relatively little consideration is the effect of using an 

audited exposure base for many risks which were previously rated 

on area. This increases expenses somewhat for the insurer (many 

of these risks have products coverage, for which an audit was 

already required) and increases uncertainty for the insured, 

since the final premium is not known until after the policy 

expires. Of course, many smaller risks will be audited by mail 

or by telephone, but this increases the opportunity for 

manipulation of the premium while decreasing the audit cost. 

In light of the expense and confusion surrounding the change of 

exposure bases, it is reasonable to ask whether the insurance 

community--both insureds and insurers --is in a better long-term 

position than it was before the change. It is clear that the 

simplification program as a whole eliminated many 

inconsistencies in the rating process and vastly simplified 

policy rating. This could not have been accomplished without 

changing the exposure bases. To the extent that the automation 
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of the commercial lines has been accelerated, the program also 

decreased expenses. The price of these improvements is 

short-term upheaval and a possible long-term increase in audit 

costs. 

The above points may well have been sufficient cause for the 

change, but it is also reasonable to ask whether receipts are a 

better exposure base than area for most mercantile risks. 

Recall that this should be judged on the basis of (1) ease of 

collectibility, (2) difficulty of manipulation, and (3) correct 

reflection of the underlying losses. To the extent, that the 

fringe coverages, such as contractual liability and fire legal 

liability, are rated more fairly (i.e., with greater precision) 

on other exposure bases, the simplification may have reduced the 

correct reflection of these underlying losses. 

Since receipts are used for other purposes, most notably tax 

calculations, it is easy to collect the data. However, the use 

of receipts requfres a post-expiration audit unless the insurer 

decides to forego the possible change in premium. While the 

risk may well have already required an audit for its products 

coverage, the change does mean that the premium for two 

coverages must now be checked. On the whole, it is difficult to 

say that there has been a net improvement on this point over 

area, which is relatively easily available (although requiring a 

detailed definition) and not does not require an audit. 
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It has been amply demonstrated over the course of the last 

insurance cycle that both area and receipts can be manipulated 

by both the insured and the underwriter. It has been argued 

that the introduction of the audit step, especially if it is 

done by telephone and relies on the insured's reporting, 

increases the number of opportunities for manipulation. 

With no clear advantage to either exposure base on the first two 

criteria, the question becomes one of correlation with losses. 

If the traffic of customers and suppliers through a mercantile 

establishment can be assumed to be correlated with the loss 

exposure, then receipts may be more closely correlated with 

losses. Thus, an establishment with a thriving business has 

more customers, more loss exposure, higher receipts and a higher 

premium. On the other hand, one must consider the effect of 

price on receipts: a store selling expensive imported shoes may 

have the same total receipts as a mass-market store but far 

fewer clients and a lower exposure to loss (unless %pscaleNQ 

clients are more prone to sue). 

Time will judge the appropriateness of the exposure bases. Any 

ineguiti.8 between classes of business will be erased as the 

rates adjust to the information passed into the ratemaking 

process. The real long-term test will be within classes: 

whether a stronger correlation between a risk's exposure and its 

expected losses exists for receipts or area. Of course, even if 

receipts should fail this test, it may be easier to adjust the 
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class plan in some way than to change the exposure baee again. 

CONCLUSION 

The exposure base is a fundamental part of the distribution of 

loss costs among insureds, i.e., of the premium calculation. 

The tests that it must meet are relatively simple and clear, but 

changes in external environment and problems in the internal 

environment have made it more difficult to satisfy those tests. 

In addition, insurance coverages for which the exposure base is 

not immediately obvious have been developed or are more in 

demand. The insurance industry has reacted differently in the 

two cases where change was forced by outside conditions: 

adapting the classification and individual risk modification 

system in one case, and completely revising the exposure base 

and rating system in the other. The IS0 Simplification was an 

example of some of the problems and responses to be expected in 

the course of a changeover, which can be studied as a prototype 

of the changes which are undoubtedly to come. 
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‘XBMERCIAL AUTOMOBILE INVOLUNTARY 
1988 CAS RATEWKING SEMINAR 

MARK HOMAN, F.C.A.S. 

The following is the material presented at the 1988 CAS Ratemaking 
Seminar. Although the actual presentation was given from an outline and 
notecards, this would be approximately the script that would have been 
used. 

INTRODUCTION 

Many of you may be wondering why the topic of Involuntary Markets is 
on the schedule for the Ratemaking Seminar this year. One only need look 
at the trade press to see an article on the Massachusetts involuntary 
auto market and its problems, the Maine workers compensation pool or the 
New Jersey personal auto JUA. The problems that the industry faces from 
any of these situations could likely be a seminar topic in itself, 

I will be addressing the Commercial Automobile Involuntary Markets. 
The results for fiscal year 1985 have a $29 million ooeratinn loss with 
$140 million of written.premium and $93 million of earned pr;mium. 
Fiscal year 1986 has a $74 million operating loss with $561 million of 
written premium and $386 of earned premium.- The significant growth in 
written premium seen from 1985 to 1986 is also seen from 1986 to 1987. 

There are seven different mechanisms currently being used for 
Commercial Automobile involuntary markets in the 51 jurisdictions (the 50 
states plus the District of Columbia). See Exhibits I and Ia. 

The most predominant pool type is the CAIP (Commercial Automobile 
Insurance Procedure). It is used in 39 jurisdictions. CAIPs operate 
with a limited number of servicing carriers. The results are accounted 
as 100% ceded business with the results being shared by all companies. 
The reserves are held by the participating companies. CAIP reserves are 
the sum of the reserves determined and reported by the servicing 
carriers. Some of the CAIPs are called “limited CAIPs” because they 
don’t include the light and medium trucks which are part of the private 
passenger automobile involuntary market. 

There are 3 states with SRDP (Special Risk Distribution Program) for 
their residual market. Again, these operate with a limited number of 
servicing carriers and their results are shared by all companies. For 
most purposes, SRDP can be considered a CAIP with a different name. 

There are 4 JUAs (Joint Underwriting Associations) in operation. 
Again, the JUA has a limited number of servicing carriers and the results 
are shared by all companies. The reserves are held by the plan and the 
participation results include the investment income earned from the 
reserves. In truth, both CAIP and SRDP are considered modified JUAs. 
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There is one state fund in operation in Maryland. Private insurers 
are repaired to subsidize any losses and are permitted to charge back the 
cost against their own policyholders. 

There is also one reinsurance facility in operation. Each insurer 
must provide coverage and service to any applicant - “take-all-comers”. 
Each carrier is permitted to cede a certain’percentage of their writings 
to the facility. The profit or loss is shared among all licensed 
companies. The participation is based on market share and use of the 
facility. 

- 

There are 2 AIPs (Automobile Insurance Plans). These are the true 
assigned risk mechanisms which will be explained further in the personal 
auto segment of this session. AIPs operate with CAIP or SRDP in 
additional states for the non-fleet and personal lines risks. Large 
fleets usually are not subject to AIP (except in these two states) 
because of the large amount of money at risk for a single policy. 

Finally, there is one plan mechanism called “other”. This is CAR 
(Commonwealth Automobile Reinsurers) in operation here in Massachusetts. 
CAR is a modified JUA with a limited number of servicing carriers. 
Participation in CAR is based on voluntary market share. 

The base for participation in results or assignments, or assessment 
base, is typically the voluntary market share (excluding involuntary 
writings) from two years prior. The 2 year lag means that 1988 results 
are based on 1986 market share. The exceptions as noted above are 
Massachusetts CAR and the South Carolina Reinsurance Facility, 

RATFMAKING IMPLICATIONS 

Given the seven different mechanisms, how do we reflect the 
differences in ratemaking? For the most part, we don’t treat them 
differently. The difference in treatment for ratemaking comes from the 
size of the involuntary load. Only in the largest few states do we 
actually look at the mechanics of the plan while doing ratemaking. In 
the states of Massachusetts, New Jersey and South Carolina, we have to 
more accurately forecast the involuntary load since these states have the 
largest pools. 

PLAN SIZES 

Given this, let’s take a look at the pool sizes in the 51 
jurisdictions. The pool size is expressed as a market share for the 
involuntary markets as a percent of the total market. Exhibits II and 
IIa show the total market share (liability and physical damage). 
Exhibits III and IIIa show the same information for liability only since 
many of the pools write only liability and do not write physical damage. 
The pool sizes break down as follows: 

Pool Size 
1% 

Number of Jurisdictions 
Total Liability 

15 10 
l- 3% 15 15 
3- 5% 7 8 
S-10% 9 10 

lo-15% 3 5 
115% 2 3 
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The three states with liability shares greater than 15% all have 
different plan mechanisms, so this is not the cause for the large pool 
size. The plan size is a result of the voluntary rate adewcy - the 
perceived long-term voluntary rate adequacy. If the insurers perceive 
the rates to be inadequate they will refuse to write risks voluntarily 
and they will end up in the involuntary market. Many times the 
inadequacy is real. For example, in New Jersey the latest IS0 rate 
change was 11.6% below the original indication and the New Jersey CUP 
has been about 70% of IS0 untii recently when it increased to 80% of 
ISO. The New Jersey C4IP has consistently had lower rates than ISO. In 
South Carolina, the. latest IS0 increase was 62.6% short of the 
indication. And as for Massachusetts, the disagreements on rate adequacy 
are perennially in the press. 

COMPANY ASSESSMENTS 

The company assessment is the result of three items. The pool size 
and the pool operating ratio determine the total profit or loss to be 
shared by the participating companies. The company share is determined 
by the company participating ratio. Each of the methods for reflecting 
involuntary results in ratemaking must estimate these three items. 

INVOLUNTARY COSTS 

The standard method at my company for determining involuntary costs 
is a quick and easy method that uses readily available financial data. 
“Financial” is emphasized because it leads to the shortfalls of this 
method. Similar to the use of calendar year ratemaking rather than 
accident year, this procedure assumes a stable scenario in order to be 
accurate. More refined methods eliminate the need for these stability 
assumptions but take more time. 

First, the involuntary loss for the past three years is determined. 
This information comes from the AIPSO participation reports or from 
company financial reports. Next, the voluntary written premium for the 
past three years is determined. This is Page 14 written premium minus 
any direct involuntary premium (from assigned risk or servicing 
business). The involuntary cost is the loss divided by the voluntary 
written premium. This procedure uses a three year average of these 
involuntary costs. 
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Contained within this method are certain assumptions regarding the 
three basic elements. For the operating ratio, the use of calendar year 
operating result rather than policy year assumes stability. The pool 
size is assumed to be relatively constant over time. 
participation ratio is also assumed constant. 

The company’s 

Obviously, these assumptions are hardly valid. In the most recent 
hard market, the involuntary markets grew tremendously. The mix in the 
residual markets also changed signif-icantly vith more truckers. etc. in 
the pools. Thus the stability assumptions are not accurate. 

however, we still use this method since in most states the load is so 
small that the final indication is not sensitive to the accuracy of the 
load. There are a few cases where refinements are necessary because the 
size of the load requires the additional accuracy and the additional work 
is justified. 

Refinements 
The first refinement is to do a more accurate job of estimating the 

pool size. To start, express the pool as a percent of the total market. 
If the percent is stable over time, pool growth is due solely to market 
growth and/or rate changes. Then the future share for the pool is 
projected as a percentage of the total market. When projecting the pool 
size one must be conscious of the rate adequacy of the pool relative to 
the voluntary market and at vhat point in the insurance cycle you are 
projecting to and from, since the cycle has a tremendous effect on pool 
size. 

The second area of refinement is in projecting the operating ratio 
for the pool. Start by adjusting history to an ultimate basis. AIPSO 
releases qarterly participation reports which can be used to derive loss 
development factors. Although IBNR is on the reports, I have found that 
due to the extreme growth in the CAIPs and their newness that there is 
still development that is unaccounted for in the reported IBNR. These 
loss ratios should then be adjusted for any projected change in rate 
adewacy for the pool. Also, an adjustment should be made for the impact 
that the change in pool size will have on the cplality of business in the 
pool. Large growth implies that better qality business is flowing into 
the pool and large decline implies the opposite. 

Finally, a more precise estimate of future participation ratios can 
be made. AIPSO releases participation data but it is not available very 
far in advance of the year it is used for. Another source is the A.M. 
Best A-7 reports. From these one must subtract the involuntary writings 
for your company and the industry. Or one can project future writings 
for the company and the industry. 

Methods of Refining Load in Final Indication 
There are two basic methods of how to reflect the involuntary cost 

(assesment as a I of voluntary written premium) in indications. The 
implicit method uses voluntary and involuntary canbined for the 
experience. The implicit method is valid when both the voluntary and the 
involuntary get the same rate level and the mix and differential are 
assumed constant. This can only be used when direct experience is 
available. 



The preferable method is the c$ip~~c:;me;~$~~~ KJ:I~;;;~;~~~ 
experience IS used and then a loa 
This is really the only valid method in CAIP states or other states using 
a modified JUA. The explicit method will always be valid when the 
implicit method is, but not vice-versa. 

Examples of Involuntary loads in indications 
Exhibits IV and V illustrate some examples of the explicit method. 

All examples assume that the involuntary cost, expressed as a % of 
voluntary premium is known with complete accuracy. The first set of 
examples, (Exhibit IV) is for a small involuntary cost uith either no 
voluntary indication (Case I) or a moderate increase (Case II). The 
second set of examples (Exhibit V) is for a large involuntary cost. 
These examples illustrate the sensitivity of the methods to size of 
involuntav cost and size of the underlying voluntary rate need. 

HIG Procedure 
The first procedure is the one we use most often. This method 

adjusts the voiuntary indication. The involuntary load is the 
involuntary cost divided by (1 - variable expenses). This is multiplied 
by the voluntary indications to get the final indication. The voluntary 
indication is derived by the standard ELR method. This method falls 
short of producing the desired 5% profit as the involuntary cost 
increases but tends to produce a higher profit as the underlying 
indication increases. This is only adeqate when the involuntary cost is 
low and the indications are moderate. Its benefits are expediency. 

The second procedure treats all expenses as variable and the 
involuntary cost is considered an additional “tax” item. kain this 
procedure yields a larger profit when the underlying indication is larger 
but also as the load increases. This method typically will overstate the 
indication and is therefore not desirable. 

The most accurate method is to split the expenses into fixed and 
variable portions and treating the involuntary cost as a variable “tax 
item. The problem is in determining vhich expenses are fixed which 
are variable. 

Thank you for your time. 

MHIZS 
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3.4% 
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CWANYF'RNEDURE 

CASE I 

INvaUNTARY cm -0.8% 

INv(LLNTMY LO/xl -1.03% 

mvaufwm am/(i - VARIABLE EXPENSES)~ 

CASE IT 

-0.8% 

-1.03x 

VCLI-NTARY ItQICATIoN (KR) 0.0% +10.8% 

FINN INICATION +l.E?% *11.97% 

(l+ VCLLNTARY INXCATIW * (1 - ItWCWdTbRYLOpD) 

RECOMJLIATICN 

flM.u3 

LOSSES $ 65.00 

TAXES s 3.w 

C@WISSIorJs % 15.x 

OTHER ACQ $ 2.93 

$ 8.60 

INvauMpRY S 0.81 

PROFIT $ 5.05 

A3%CfPREMIWl 5. a 

$111.97 

$ 72.00 

16 3.81 

% 16.9l 

t 3.25 

$ 8.60 
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ALL EXXNSESASVARlABLE 

CASE CASE J't 

ItWNoLLfNTARY COST -0.8% -0.8% 

FINAL INIICATKN +1.25% +12.15X 
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CCWISSI~JS 
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FIXED6 VNUAE4E EXPENSES 

CASF I I-T 

INVUMTARY COST 4.8% -0.8% 
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LOSSES s 65.00 
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OTHER AC0 $ 2.93 
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t 5.05 
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$ 0.89 
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5.0% 
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s 5.00 

4.7% 
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FIAJt INXCATICN +8.33% 
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s 3.48 

$ 8.60 

$ 6.00 

S 7.72 

6.‘i% 



CASE I 

maumw COST -5.0% -5.0% 

FINAL INlICATICN 7.29% 17.99% 

(LOSS RATIO + FIXED EPENSES)/(l -VARIABLE EPEWS - IM/oLlJNTARY COST) 

RE(liaK~ 

mtrl $107.29 $117.99 

LOSSES % 65.00 16 72.00 

TAXES $ 3.65 s 3.99 

cctMISSIcTJS % 16.20 % 17.74 

OTHER Aa3 $ 3.11 t 3.Lfl 

GENERAL t 8.60 $ 8.60 

Itaaumm $ 5.36 s 5.87 

t 5.36 s 5.87 

ASXOFPKMILN 5.0% 5.0% 
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cREOIEILITY - AN AMERICAN IOEA 

by 

Charles C. HewAtt, Jr. 

PROLOGUE 

Setarcos: What may we say about the basis for human declslon and human action? 

Student: I assume you mean conscious decrflon and action as opposed to 

Instinct; all anzmals possess instinct to some degree. If so. 

we may say that human dccclsions (and actions) are based upon a 

set of beliefs - we may call this knowledge. 

Setarcos: Of what does knowledge conolst? 

Student: Knowledge may consxst of a set of suppositIons or Ideas, many 

of which exist 1” the absence of corroborating evidence. Also, 

knowledge consists of d set of facts accumulated throughout a 

lIfetIme. 

Sctarcos: How does a human being obtain knowledge? 

Student: In ths lnstancs of Ideas, these ar.s obtained from many sources - 

parents, teachers, friends. and, Importantly, from the creat;vlt, 

of the human mind. In the case of facts, thcsa are obtarned frim 

personal obssrvatlon and the reported observstlons of others. 

Sctarcos: What if there IS a conflict between one’s supposItions and the facts7 

Student: Of course, we must first dispose of the sItuationa where there 

are either no facts or no suppositIons. Where there are no ‘3~:s. 

the supposition prtvalls; where there 1s no basis For supposit.:-, 

facts constltutc the only knowledge. 
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Setarcos: Very well, but suppose a set of facts contradicts a set of Ideas? 

Student: The W~SC person must then uelgh the Ideas against the evidence 

end mahe a JUdQment. The Judgment may be to alter the Ideas to 

fit the facts or, alternatively, to question the facts themselves. 

Of course, one may Compromlse by Ql”l”Q partral weight to each. 

Setarcos: But what weight do we assign to SuppositIon end what WelQht do we 

assign to the evidence? 

Student: That’s the real question1 Perhaps some day there will be a meth- 

met 1cal answer. 

l ‘ l l l 

BAYESIAN ANALYSIS 

In 1763 Thomas Bayes proposed that ‘a prlorl’ probabllltles could be 

aselgned to the several hypotheses (suppositIons). Next, calculate the 

probablllty of each outcome for each hypothesis. After making an obser- 

vation, or e series of observations, the ‘a poster-lot-l’ probabllltles 

of the hypotheses could be calculated. Hence, an rmproved knowledge of 

the underlying (but unknown) probabllltles could be obtained. This approach 

is penorally referred to as Bayeslan anslysls (sometImes es inverse or, where 

the judgment 1s mostly intultlve, subJectlve probablllty). 

. l l l l 
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CREDIBILITY - AN ANSWER TO AN IMURANCE PROBLEM 

The Casualty Actuarial Society was formed 10 1914 - in part to deal 

wrth the problem of making rates for a new (to the Unlted States) line of 

~naurance - Workmens’ Compenetlon. (Many of the charter members of the CAS 

were also members of the Actuarial Society of America.) Workmens’ Comp- 

ensatlan had been avaIlable I” Europe for some trme but there was almost no 

data which might represent American experience, except for Employer’s Llablllty 

Insurance which Workmens’ Compensation Insurance was dcslgned to replace. 

As data became avallable for the new line of insurance the questlon 

arose as to how to revise the hypothetrcal rates to admxt this new evldsnce 

~n ratemaking. A group of casualty actuaries, whose spokesperson was Albert 

Whitney cl:), conceived the rdea of assigning werghts in the linear expres,lon’ 

New Rate * Credlbtllty x Observed Rate + (1 - Crcdlbtllty) x Old Rate 

The underlying mathematics uhlch determined the value of the term ‘Credlblllty’ 

was lmpllcltly Bayeslan but not generalized. Rather, It dealt with a specific 

‘a prior2’ dlstrrbutlon and a speclflc random proc.sss. It produced the 

e.XDeSSlO”: 

Number of Observations (Exposure) 
Crsdibillty s --________-_______--____________________-- 

Number of Observations (Exposure) + K 

where “K” was a posltlve constant to be determlned from the underlylng factors. 

. l t I l 
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CLASSICAL STATISTICS - THE DARK AGES FOR CREDIBILITY 

Aa ~111 be shown later, the development of “K” required a Bayeslan 

approach. However, I” the time of Whitney, and for many years to come, the 

theory underlying mathematical statlstlcs refused to admrt that element 

of Bayeslan analysis which required a SubJcctlve approach to the assign- 

merit of ‘a prlorl’ probabllrtles. In the Neyman-Pearson school of classical 

statr3t1c5, each hypothesis was something to be either accepted or reJeCted, 

but only after an examlnatlon of soma data uhlch admlttcd or denled the hypo- 

thesis. In Bayeslan analyrls the orlglnal set of hypotheses 1s not totally 

reJected, but, rather, the ‘a Prlorl’ probabllltles of the hypotheses may be 

changed (‘a posterlorl’) to adJust to the new evidence! 

Thus, It was to come to pass that casualty actuaries were to “sell 

their bIrthrIght For a mess of pottage”. They “copped out m on calculating 

“K’ on the basis required by Whltney’3 mathematics and settled for an 

arbitrary assignment of a value chosen by mean3 most convenient. HdVl”Q 

ylelded to the demands of the then popular approach of statlstlctans, they 

capitulated even further by yleldlng to the demand by Insurance buyers and 

Insurance marketing people For ‘Full’ credlblllty. 

The ‘Credlblllty Formula’ 63 set forth above does not admit of 

‘Full’ credlbllity being assrgned to the observations - the expresslo” 

may approach unxty aa the number of observatrons (or exposure) lncrea9e4, 

but only asymptatlcally. Insurance buyers with better-than-average exoer- 

lence wanted full recognltlon in their rates. Sloce these buyera were. -z’-c 

often than not, the larger customer-s and also, a fortlarl, the prer’errec 
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risks, their wlshes had to be respected. Once agaIn an arbitrary assign- 

ment wa$ made - the point at which exposures were sufficient to admit of 

‘full’ credlbll;ty - and. of course, on the baJ&s of conven~encc. 

The actuarial literature durlrQ this period - Oark Ages - wa4 at- 

mast exclusively :n the Proceedings of the Casuaity Actuarral Society and 

dealt with Guestions of determinrnQ standards for ‘full’ credlbillty and 

with lntere~tlng, but rather baroque, approaches as to how to make the 

transItIon from the ‘Jhitney’ formula to ‘full’ credibllzty as the size 

of the risks being rated Increased. 

There were. however, notable exceptrons. A paper by Ralph Keffer 

(19291 ~n the Transactions of the Actuarial Society of fmer~ca (5)s 

suggested a Bayeslan approach I” group lift ~nsuranca. In 1940 Ove 

Lundberg (6) in Sweden presented a - now cla3s1c - papcr. using a Bayeslan 

approach to ratenaklnp for health Insurance. And in 1950 Arthur Bailey :, 

redlscovered the orlglnal approach of Whitney and his colleaguea, using 

SubJectlve methods in probability theory rather than the classical approach. 

In 90 doing Bailey** rcafflrmed the undarlylng strength of the ‘dayeslan 

roots of Credrbility Theory. 

Following this “Ranalssance” of Eayeslan Credlblllty, succesz.~ve 

paper, by Dropkin (4), Robert 8alley (2) - son of Arthur Bailey - and 

_- ----_- -- 

* Keffer provides an Interesting footnote (p. 135) ldentlfylnq the Polssan 

Dlstrlbutlon as the “Bortkewltsch Law of Small Numbers’. Readers fanrliar 

ulth the hlstory of the use of the Poisson Dlstrlbutlon may readily lifer 

the IdentIty of (Oberst) Bortkewltsch. 

l * Many persons, lncludrng Matt Rodermund and Ben Zehnwlrth, regard 4-!-.- 
Bailey as the “Father of Modern Credrbllty Theory”. 
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Simon (11)* applied specialized Bayeslan approaches to the experience 

rating af private passenger automablle Lnsurence. 

It remalned for two rndlvlduals in the !960’s to reawaken end re- 

store Interest in the true nature of the credlblllty concept, Hans Buhlmann 

in Switzerland and Allen Mayerson ‘n the United States. The latter lr3lvidual 

provided a paper on Eayeslan Crediblllty (7) ualng dn approach which was not 

generallied, but, rather, used two apeclflc cognate proceese?,, the Beta- 

Binomial and the Gamma-Poisson. 

Meanwhile in Europe, Hans Buhlmann took the more general approach to 

the problem. In a paper- to ASTIN (3) - the non-life section of the Inter- 

natlonal Actuarial Assoclatlon, Euhlmann demonstrated that the ‘K’ in the 

much earlier Whitney formula wal. 

Variance of the Procesaea 

K = ------_--------_-____________ 

Variance of the Hypotheses 

These ‘Renaissance’ protagonists recognized that the straight 

Ilne produced by the Credlblllty formula represented a least-square3 fit !J 

the ‘process wane’ generated by the dlfferlng hypotheses (with welgnt 21.“” 

to each point on the basla of the ‘a prlorl’ probablllty of each hypothe5ls) 

l The brief history I” my paper omits reference to many works in this i:e!d. 

It ~3 deliberately intended to hlghllght American actuarlai efforts. ,.!- 

reference to foreign contrlbution$ where appropriate. A fairly compie:e. 
of not up-to-date, hlstorlcal brbllography may be folund on pp. 6-7 zf !-c 

Simon paper (II). 
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CURRENT OEVELOPNENTS 

With the lncreaeed acceptance of sub]cctlva probabilities - see 

Savage (Yale) (9) and Ralffa and Schlalffer (Harvard) (81 B (10) - the new/old 

approach to credlbll1t.y has flowered - at least theorct~celly. nany latter- 

day members of the Casualty Actuarlsl Society have written on Credibzlity - 

Phllbrlck, Van Slyke end Venter - Just to name d few. 

Professor W~lI~am Jewel1 at the Unlver$lty of California (Berkeley) 

has been prolific I” his research end publication. I” Switzerland. Buhlma”” 

end hlz pupaIs, Hans Gerber and Erwin Straub, have contributed, and, in 

Bclglum. Fl. OeVylder. In Austrella, Gregory Taylor has published frequently 

on Crtd:bllty. 

Credibility may be thought of es a form of ‘short-hand’ for the 

mot-c descrrptlve Bayeslan anelysls. When Crediblllty Theory was first 

developed there were no modern high-speed computers; hence e s,mpllfled. 

two-dlmenslonal linear substitute for the more complex Eayeslen analysis 

was eminently deslrabla end acceptable. 

flodern Credibility Theory has expended to include non-linear and 

multi-dlmenslonal approaches. Ultimately, ulth the advent of high-speed 

methods of calcuIatlon, Credlblilty, as a form of ‘short-hand’, may y~eid 

to full Beyes1en analysto. In the meantime, practlcel applicetlon of 

theoretical crediblllty hes legged far behind the state-of-the-art. TCe 

Neyman-Pearson treznlng of many nathematlcal statlstlcrens seems to produce 

a revulSlOn for any SubJectlve approach. However, the ideas et-e there’ 

l l l l l 
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POSTLOGUE 

Sometime an the 1920’s Sinclair Lewis. the author, wee 

to receive a” award as a dlstlngulshed alumnus of Yale Unlver- 

s1ty. In accepting the award, Lcwls took the occdsio” to 

assert his known athelsm. 

“I do not belleve there 1s a God.” said Lewis (I” 

substance ). -If. in fact, there 13 one, let him 3trlke me down 

here and now!” And, of course, nothlng happened. HOWeVer, 

several deya later the noted newspaper columnist, Arthur 

Brlsbens took Lewl~ to task. 

“Lewrs, you poor misguided fool,” wrote Brisbane 

(in substance). “You remind me of inc ants who ilved along the 

right-of-way of the Atchison, Topeka end Sante Fe Railroad. 

This colony of ants depended for Its existence upon the crumbs 

thrown from the dlnlng cers of the rallroed trelns a3 they 

passed by. 

“It ceme to pes that the ant colony fell upon hard 

times because - through chance - no crumbs were thrown out 

neer Ita particular place along the right-of-way. The sit- 

uation became desperate and the colony decldcd to hold a 

meet lng. It wes suggested that they all prey to the Pres- 

Ident of the Atchison, Topeka and Sante Fe Rellroed to se-d 

more dlnlng cara 50 that crumbs would be thrown off I” t+e:r 

area. 
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l * 

“So they did pray and the following day they walted, 

but no crumbs uere thrown off where they lived. 50 the anta 

concluded that there was no such person as the Prerrldent of 

Atchison. Topeka and Santa Fe RaIlroad” 

+ + + NUMBER OF OESERUATIONS + + + 

l l . ‘ l 

Four boys dcclded to play “hooky” from school, because 

they knew there was to be e test that morning. About 11 A. M. 

their consciences got the better of them and they decided to 

show up at school after all. Upon reaching their classroom 

they explained to their teacher that they had been on their 

wsy to school I” a cer, but the car had 61 flat tire. ihls 

made them late because they had to have the flat tire flned. 

‘No problen~‘. said the teacher. “Just come back 

here during the lunch hour and I’ll pave you a make-up 

test: At lunch tins, when they reported back to the class- 

room, the teacher instructed the four boys to take seats in 

opposite corners of the room, 

‘Now,” said the teacher. “there is only one questlsn 

on thlr make-up test. Which tire was flat?’ 

+ + + VARIANCE OF THE PROCESSES + + + 
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l ** Televirion lntervlewer: “00 you believe I” ~11raclcs7” 

Guest: “Of cour9e.” 

Television interviewer: “Heve you ever seen e miracle” 

Guest: “No.” 

Televlzlon lntervlewer: “Do you know any one who ha!, 

actually seen e mlracle7” 

Guest: *No, but that doesn’t prove anythlngl” 

+++ VARIANCE OF THE HYPOTHESES + + + 

l l l END l ** 
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HOSPITAL SELF-INSURANCE FUNDING: A MONTE CARLO APPROACH 
By Dave Bickerstaff 

ABSTRACT 

The common theme which appears to have evolved in the actuarial methodology for 
determining self-insurance funding contributions can be described in basic terms as 
a two-step process: (a) estimating expected retained losses for the self-insured entity 
and (b) estimating a safety margin or risk loading to maintain funding at a selected 
high level of confidence. Variations on this general theme abound. Using Hospital 
Professional Liability as an example, this paper sets forth a simulation technique 
which approximates the aggregate loss distribution and the distribution of required 
funding to cover losses, focusing on the interaction of several variables. Special 
emphasis is placed on treating the run-off of the fund’s prior year losses and the 
prospective target year losses simnltaneously in determining the required funding on 
a year-by-year basis. 
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HOSPITAL SELF-INSURANCE FUNDING: A MONTE CARLO APPROACH 

The establishment of self-insured trust funds has become, over the last IO-12 years, a widely 

accepted response by U.S. hospitals to an increasingly constricted liability and workers’ 

compensation market. Accurate estimates relating to the total aggregate hospital funding for 

self-insurance may be difficult if not impossible to come by, but it seems apparent that here 

in the late 1980’s the larger hospitals (say, 500 beds and up) who self insure a significant first 

layer for at least their professional liability exposure are the rule rather than the exception. 

The determination of appropriate funding ievels for self-insured funds calls for the careful 

application of a special chapter from the property-casualty actuarial repertoire. It appears 

from this author’s perspective that, for the most part, actuarial input of one kind or another 

has been solicited and delivered as an integral part of the hospital self-insurance planning 

process. (It should be acknowledged, of course, that no small factor in the prominence and high 

visibility of this actuarial input was the inclusion by the HEW Department of required actuarial 

“certification” of self-insured funding levels in their original funding guidelines for Medicare 

reimbursement purposes in the mid 1970’s. No attempts will be made by this author to 

chronicle the evolution of the Medicare guidelines. The concepts discussed in this paper are 

intended to be more generic, concentrating on the intrinsic risk encountered by a self-insuring 

entity and the funding required to retain and sustain that risk -- irrespective of government 

guidelines.) 

Basic Principles 

Any practicing actuary searching for a standard “cookbook” or “generally recognized” approach 

to calculating funding levels for self-insured funds will probably end up waving the white flag. 

It seems that there have evolved over the past decade or so several (dozens, maybe) 

methodologies or families of methodologies which represent variations on a general theme. 

Despite all the variations, it appears that the common denominator among all self-insurance 

funding procedures can be described in general terms as follows: An expected annual retained 

loss is estimated for the hospital, using the hospital’s own loss experience to the extent deemed 

credible (and outside data otherwise), and, to supplement this expected level, a so/efy mnrgin 

or risk loading is included in the funding, based in one way or another on some measurement 

of the distribution of aggregate retained losses and defining confidence intervals from that 

distribution. Beyond this simple theme, though, variations of all shapes and forms (which may 

be equally defensible) abound. 
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In the process of walking through the development of a self-insurance procedure, or one 

“variation’ on the common theme, this author found that the first major building block beyond 

the central theme is the treatment of the funding calculation for the first year of a fund 

contrasted with the “renewal” funding for each year thereafter. For the initial funding 

calculation one is concerned only with the prospective expected retained losses for the target 

year and with the confidence levels around that expected level. For each year thereafter, the 

funding level would logically be predicated on the amount required to run off the losses from 

prior years as well as the amount required for the prospective target year. With these dual 

objectives in mind, we can set forth our first general expression for determining a self-insured 

funding level: 

Indicated funding for year N 
+ Current Assets of fund 

= present value of losses from prior years paid in years N forward 
+ Present value of losses incurred in year N. 

When N=l, of course, the current assets = 0 and there is no runoff from prior years. For N z 

1, however, the remaining unpaid losses from prior years and the projected losses for the next 

target year are treated simuitaneously in determining what additional funding, when combined 

with the current assets which were generated from prior funding and the interest earned 

thereon, will be necessary to cover all future losses. 

The two loss categories in the above general expression are, of course, treated as random 

variables and thus the value solved for -- the required year N funding level -- is also defined 

as a random variable. After the probability distribution of this random variable is 

approximated, a funding level is then determined corresponding to a desired confidence level. 

It is safe to assume that most of the actuarial effort expended over the past few years in the 

self-insurance field has been in the determination of this probability distribution, given all of 

the necessary parameters. It is also pretty safe to assume that it is in this phase of the actuarial 

exercise that most of the wide variations on the theme occur. 

As the above basic formula implies, the annual funding amount is continually self-correcting, 

based on each new year’s experience. Not unlike pension plan funding, the actuarial “gains” or 

“deficits” from prior years, represented in the formula by the present value of the runoff of 

prior years’ losses less the current assets, are built into the formula to determine the indicated 

level of funding for the next year. Rather than treating the funding of each new year 

independently of the prior years and thereby stacking single year safety margins on top of prior 

single year safety margins, all years are treated collectively to determine the safety margin to 
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cover all losses. 

Expected Losses for Hospital 

This paper will not dwell on the details of analyzing the loss and exposure data of a particular 

hospital and the loss experience from pertinent “global” sources to supplement the hospital- 

specific data. It would seem that the choice of which loss reserving techniques to use to analyze 

the data and project expected loss costs per exposure unit to a target year would depend largely 

on the size of the hospital, the availability of loss data, and the judgement of the actuary doing 

the analysis. Conceivably, for large hospitals with as many as 8- 10 years of accessible loss data, 

one could construct historical loss development triangles, including paid and open claim counts 

and amounts, and determine historical development patterns based on the hospital’s data itself. 

For middle-sized hospitals, the actual claim data might be used, but for purposes of loss 

development and trending, more global (e.g., statewide or countrywide) indications would 

probably be required. Finally, for the small hospitals, the loss experience of the entity itself 

would rarely, if ever, be used and the expected loss costs might be derived exclusively from 

the global sources. 

Even for the larger hospitals, the final selection of the expected loss cost might be based to 

some extent on a credibility-weighted average of the hospital-specific data and the statewide 

average. Rather than being a slave to some dogmatic credibility standard (all together now, 682 

claims = 100% credibility, etc.), it would seem that a great deal of actuarial judgement should 

be exercised in arriving at the final selections, particularly since, from a subjective standpoint, 

there may well be some unique risk characteristics for the hospital in question (types of 

procedures, etc.) which should be reflected irrespective of its sheer size and statistical 

credibility. 

Given the projected expected loss cost for the hospital, the second task at hand in the 

procedure to determine funding levels is to approximate the probability distributions around 

the expected values from which confidence levels can be defined. To accomplish this task this 

author has developed a Monte Car10 simulation model to “sampfe” the experience of a fund, as 

defined by certain parameters, over a large number of trials (usually 1.000). Accordingly, no 

matter how the final weighted average expected loss cost is derived for the hospital, it will be 

necessary to break out this loss cost into a few key components, for purposes of generating the 

probability distribution. As a first step, an average claim cost (at some limit) and a total claim 

frequency would be determined, the product of which will equal the pure loss cost per 

exposure unit. The average claim cost can then be subdivided into: (a) average indemnity cost 
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and (b) average claim expense, while frequency can be subdivided into (c) percentage of claims 

closed with indemnity, (d) percentage of claims closed with claim expense only, and (e) 

percentage of claims closed with no payment. 

A quick preview of the key distributions which will need to be developed in the Monte Carlo 

model is as follows: 

(a) Distribution of indemnity amounts 

(b) Distribution of ALAE amounts 

(c) Claim frequeacy distribution 

(d) Claim reporting and claim payout distributions 

(e) For renewal funding: distribution of the number of IBNR’s 

from prior years, given the expected number of IBNR’s 

The key distributions used in the model will now be explored in some detail. 

THE INDEMNITY SIZE OF LOSS DISTRIBUTION 

The NAIC Closed Claim Studies 

Perhaps the most critical component in our procedure to approximate the confidence levels of 

self insurance funding is the distribution of indemnity amounts (from ground up, with no 

limit) for one accident year. Using medical professional liability as the line of business in 

question, we referred to the NAIC closed claim study.’ For this study, some 75,000 claims 

closed during the period 1975-78 were recorded. Among many other items of information, the 

accident dates, report dates, closed dates, and indemnity and ALAE amounts were included. 

It has been shown by many researchers’ that, in order for any calendar year closed claim 

distribution to accurately represent the claim-size distribution applicable to an accident year, 

some trending adjustments are necessary for both claim frequency and claim severity. For this 

author’s model claim-size distribution, we first devised annual indices of claim severity and 

frequency (both accident year) from available national data covering a period of about 20 years 

‘National Association of Insurance Commissioners, NAIC Malpractice Claims, 1980. 

%ef e, or example. Archer McWhorter. Jr., “Drawing Inferences from Medical Malpractice 
Closed Claim Studies”, The Jouronl of Risk and Insuraoce, XLV, no. I (March, 1978) and 
Michael R. Lamb, ‘Uses of Closed Claim Data for Pricing,” Pricing Property and Casualty 
Insurance Products, 1980 C.A.S. Discussion Paper Program, p. 219. 
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up to calendar year 1978 (the final closing year of the study). The frequency and severity 

indices for each year were then expressed in terms of the 1978 index equal to 1 .O. Then to each 

detail claim record.’ based on the accident date, we applied the reciprocal of the frequency 

index to the claim count (1 per record, initially) and the reciprocals of both the frequency and 

severity indices to the indemnity and ALAE amounts. As a result of this exercise, we 

produced a claim size distribution adjusted to represent the accident year 1978. 

A printout of the trend-adjusted claim size distribution (indemnity) is shown in Appendix A, 

page I. The brackets of indemnity size are set up on logarithmic (geometric) scale, with the 

end point of each bracket a coostant factor (about 1.3335) times the end point of the previous 

bracket. A plot of the histogram for the oon-zero members of this adjusted distribution is 

displayed on page 2 of Appendix A. The cumulative distribution ogive is then plotted on page 

3. But the most revealing and useful plot of this accident-year adjusted distribution is shown 

on pages 4-5, on which we have plotted the cumulative distribution on lognormal probability 

graph paper, the grids of which are constructed so that the cumulative distribution ogive of a 

lognormal probability distribution is a straight line. 

The lognormal model has been used extensively to represent claim size distributions in property 

and casualty lines4 Finger, in particular, used the lognormal model to determine implied 

increased limit factors for medical professional liability. It would follow, then, that the 

lognormal would be a good candidate to investigate for modelling self-insured losses. 

On the first page of our cumulative distribution graph (claims up to SlOO.OOO), the lognormal 

fit -- a straight line drawn though the points strictly by sight -- clearly is good enough to 

represent the actual data. On the continuation of the distribution on page 5, it can be noted 

that for values above about S500,OOO the actual data points veer out above the hand-selected 

lognormal line. There is a very plausible explanation for this. If the lognormal model does in 

fact provide a good representation of the claim size distribution with no limir, then the 

imposition of poIicy limits on the bigger claims in the data base itself would have had a 

dampening effect on the relative frequency of these claims in the higher, potentially excess, 

layers. It can be approximated from the graph, for example, that the extension of the 

% addition to referring to the hard-copy NAIC report, we also purchased the detail data 
tape from the association. 

%ee, for example, Charles C. Hewitt, Jr., “Credibility for Severity,” PCAS. LVII (1970). 
p. 148; David R. Bickerstaff, “Automobile Collision Deductibles and Repair Cost Groups: the 
Lognormal Model,” PCAS, LIX (1972). p. 68; and Robert J. Finger, ‘Estimating Pure Premiums 
by Layer -- an Approach,” PCAS, LX111 (1976). p. 34. 

95 



lognormal line would indicate a frequency of claims in the $2 million plus range about 4 to 5 

times greater than the actual data points would indicate. For this reason, more than any other, 

this author disdained any idea of walking through a rigorous, analytical curve-fitting 

choreography, which would have generated a ‘best fitting” line that understates the potential 

for big claims. 

The selected lognormal parameters for Indemnity 

We estimated a mean and variance from our fitted lognormal claim size distribution by marking 

off the median and standard deviation directly from the graph, using the 50 percentile and +1 

standard deviation marks on the vertical scale, as follows: 

Observed median = ep- 10650. 

Observed r = iog,(68000) - ioge(10650) = 1.853 

Our final selected value for the mean is, then 

exp(log,(10650)t(l.8S3)2/2) = 59300 . 

The coefficient of variation (standard deviation divided by the mean) of the fitted distribution 

is calculated as follows: 

(CV)2= e@‘-1 

- 29.988 . 

Thus, for future modelling purposes, we set the CV value = a 

Working Size of Loss Model for Indemnity 

The absolute values of the 1978 NAIC closed claim distribution, even after adjusting for 

frequency and severity trends, are not particularly important to us - especially in 1989. The 

shupe of the adjusted, fitted distribution is the key parameter, measured by the CV. We 

believe that it is reasonable to assume that as the average unlimited indemnity increases over 

time or from one territory to another, the (CV)2 should remain relatively constant. This also 

implies that as the average unlimited claim increases k percent from one point in time to 

another, it is reasonable to expect that the entire distribution of claims moves up about k per 

cent. Put another way, an $800,000 claim has about the same relative niche in a distribution 
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whose unlimited mean is SlOO,OOO as a S400.000 claim in a distribution with half the unlimited 

mean. 

Our working indemnity distribution can, then, be represented by a lognormal distribution 

whose unlimited mean is 1.0 and whose (CV)’ is 30. as shown in page 6 of Appendix A. The 

top line represents the basic distribution of claims by size and the bottom tine depicts the first 

moment distribution.’ TO illustrate how this graph is read, from the top line one can note that 

about 82.5% of all claims are less than or equal to the mean and about 96.5% of the claims are 

less than or equal to five times the mean, From the bottom line, one can further note that 

about 18% of the total dollars in the distribution come from claims which are less than or equal 

to the mean and about 47% of the dollars from claims below five times the mean. 

Generation of random claim amounts from lopnormal model 

To tabulate sample claims from the lognormal distribution, our Monte Carlo model employs a 

random number generator which generates normal random numbers.‘The sample random claim 

size (indemnity) is determined from the following formula: 

X = exp(p + NV) 

wherep = mean of the logs of the distribution 

= SD. of ” l * ” 

N = normal random number (mean 0, var. 1). 

From the basic relationships of the lognormal distribution, 

M = expb +02/2) 

where M 3: mean of the distribution . 

Then we have 

P - loge(M) - 02/2 

‘For a discussion of moment 
distribution, see J. Aitchison and J. 
University Press, 1969). 

distributions and other attributes of the lognormal 
A. C. Brown, The Lognormal Distribution, (Cambridge 

*A full discussion of random number generation is beyond the scope of this paper. For 
further reference, we recommend G. S. Fishman, Principles of Discrete Event Simulation (New 
York: John Wiley & Eons, 1978), chap. 8-9. 
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and then the sample claim would be generated with 

X - exp(log,(M) - p-‘/2 + NV) . 

REPORT YEAR / CALENDAR YEAR STRATlFICATION OF ACCIDENT YEAR 

In our basic funding formula, it will be recalled that we were looking for the presenf value of 

future losses or the distribution of the present value of losses. Furthermore, the self insured 

retention (SIR) limit per claim, as regards the terms with an excess carrier, may be indexed, 

i.e., the excess attachment point would be increased a specified amount (or percentage) each 

year based on the calendar year that first payment is made on the claim. Thus, we are 

interested not only in the distribution of claims by size but also the distribution of claims by 

lag time to settlement. Because of the well-recognized correlation between payment lag and 

payment size, we have introduced a form of stratification in the sampling of medical 

professional claim amounts. To accomplish this, we first set forth some basic relationships 

between report year and calendar year severities, within the accident year: 

Let R(i) = Frequency of claims reported in report year i of act. year, 

relative to total accident year 

C(j) = Freq. of claims of one rep. year paid in cal. year j, 

relative to total report year 

S, = Severity of claims of report year i, relative to total 

accident year severity 

Ti = Severity of claims of calendar year j, relative to 

total severity of report year 

n I total report years in accident year 

m I total calendar years for each report year 

Then you have 

n 

1 
R(i) = I 

i-l 
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m 

1 
C(j)- I 

j=l 

and, by definition, 

n 

1 
SIR(i) - I 

i-1 

m 

z: T,C(j) - 1 . 

j=l 

The total accident year can then be stratified into n*m report year/calendar year cells. The cell 

identified by the ith report year and the jth relative calendar year in that report year would 

have a claim frequency of R(i)*C(j) times the total accident year frequency and a severity of 

Si*Tl relative to the total accident year severity. It also holds that the mean severity over all 

n*m cells is 

n m 

~~ 
SiTjC(j)R(i) = I 

i=l j=l 

Since the above mean - 1, the coefficient of variation squared over all n*m cells is: 

n m 

c2 - 
xx [SITj]k(j)R(i) - 1 . 
i=I j-1 

Modified CV’r for stratified sampling 

We earlier developed a model indemnity size-of-loss distribution for an entire accident year, 

with a (CV)2 of 30. But instead of simply sampling indemnity amounts from the entire accident 

year distribution, our Monte Carlo model will first select (randomly) a report year and then a 

calendar year paid for each random claim and then, based on the relative severity levels 

discussed above, sample from an indemnity distribution the mean of which has been adjusted 
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to the levels corresponding to that report year and relative calendar year. Consequently, it 

becomes necessary to modify the CV applicable to each RY/CY stratum so that when you 

combine the sampled claims from the various RY/CY cells, you achieve the desired composite 

accident year (CV)2 - 30. 

To accomplish the desired approximation of the modified CV applicable to each RY/CY cell, 

we used a method first advanced by Hewitt.’ He demonstrated that, if (a) a random variable 

Y were stratified into groups and (b) the means of the groups were lognormally distributed and 

(c) the variance of the logs of the means were S2. and (d) if the variance of the logs of each 

group were ( pr)“, a constant, then the variance of the logs of the combined distribution of all 

groups would be S2 + ( Wr)2. The ‘spread parameter” S2 over the n*m report year/calendar 

cells can be determined directly from the C2. calculated above: 

s2= log(C2+ I), 

Thus, 

and 
h(c2 + 1) + (f&)’ = LOg(31) 

( o;)Z - Log(31) - log(C2 + 1) . 

It should be emphasized that the above expression is an “approximation” of the modified 

variance (of the logs) to be used in the stratified sampling, since some of Hewitt’s prerequisites 

are not necessarily met. Therefore, it is appropriate to perform a test of the stratified 

sampling, using sample values of R(i), C(j), St, and Tj, to determine if the overall accident 

year CV is achieved within an acceptable tolerance. 

Testing the stratified sampling parameters 

To determine appropriate values for the distributions of R(i),C(j),S,, and T,, we referred again 

to the NAIC closed claim studies. Using the detail NAIC data base, after the frequency and 

severity trend adjustments, we constructed a report year/calendar year matrix as shown in 

‘Hewitt, op. cif., Appendix A, p. 167. 
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Appendix B. The entire claim data base, now adjusted to represent an accident year, was 

stratified into cells defined by ten report years and 16 calendar years (relative to the accident 

year). Each cell contains the (adjusted) claim counts, amounts, and averages. From the totals 

by report year, we derived the percentages of total claims by report year and the relative 

severity for each report year. On pages 5-6 of that same Appendix we determined relative 

severity values for calendar years, relative to report years. The values from thii matrix will, 

then, be a starting point to determine the R(i),C(j),S,, and fl values for a specific case (it 

should be pointed out that the actual historical report year and calendar year patterns for a 

given jurisdiction and self-insured entity, to the extent that they are credible, should be given 

more weight than the NAIC numbers). 

For this paper’s case study, we have selected the report year and calendar year distributions 

shown in page 7 and 8 of Appendix B. We have used a total of seven report years (n = 7) and 

nine relative calendar years (m - 9). The relative severity factors have been selected (roughly 

from the NAIC matrix) and then adjusted so that the sum of the products of the frequency 

times the relative severities is 1 .O. The (CV)* of the cell means, 

n m 

c* = cz: 
[SiTj]*C(j)R(i) - 1 

i-1 j=l 

= .2607 . 

Thus, 

(a,)* = LOg(31) - log(l.2607) 

- 3.20232 

and rr - 1.7895 . 

Thus, while the standard deviation (of the logs) of the entire accident year is V-J = 

1.8531, the standard deviation applicable to each cell will be reduced to 1.7895. 

The results of our test of the stratified sampling versus unstratified is summarixed in Appendix 

C. Rather than sampling from the lognormal distribution with no limit, we sampled 

successively from distributions with limits of $50,000, $100,000, $500,000, Sl,OOO,OOO, 

SlO,OOO,OOO, and $25,000,000. In each case, the unlimited mean was $100,000. For each limit, 
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we (a) calculated the mean and CV direct1y.a (b) generated a sample mean and CV from the 

unstratified distribution, and (c) generated a sample mean and CV using the RY/CY strata with 

the adjusted means and appropriately reduced variance. To make sure we covered a full 

spectrum of possibilities, we used three values for (CV)f 10. 20. and 30. The report year and 

calendar year distributions were similar, but not identical, to those in pages 7-8 of Appendix 

B. For each combination. 100,000 claims were sampled. 

The test samples demonstrated that the composite means and W’s derived from the stratified 

process were a good approximation to the direct calculation, within an acceptable tolerance. 

THE ALAE COMPONENT IN THE MODEL 

The ALAE-Indemnity relationship 

Most excess policies written over a self-insured’s SIR provide that ALAE on a claim 

(occurrence) is recoverable “pro rata,” i.e., the percentage of the ALAE in a claim which is 

covered by the excess policy is the same as the percentage of the gross indemnity amount which 

is covered. Some contracts (relatively infrequent) set forth a retention level based on the sum 

of the indemnity and ALAE for one claim. In any case, the interaction between ALAE and 

indemnity would be an important consideration in any self-insured risk model. 

It should be emphasized that in our self insured funding model the ALAE for the sampled 

claim is not treated as a constant factor related to the indemnity size (like tax and gratuity), but 

rather the expecfed ALAE (mean value of a separate ALAE distribution) is established, given 

the sample observed value of the indemnity. To treat ALAE otherwise would result in an 

understatement in the overall variability of the aggregate loss distribution. 

To determine the functional relationship (if indeed a measurable relationship exists) between 

ALAE size and indemnity size for medical professional liability claims, we turned again to the 

NAIC Closed Claim Study.’ As shown in Appendix D, Page 1. the average ALAE was 

calculated for each of several brackets of indemnity size. After plotting the average ALAE in 

each bracket against the corresponding average indemnity for the bracket, using logarithmic 

X and Y axes (see Appendix D, page 2), it was observed that a reasonably good straight line 

bI-he calculation of the moments of a lognormal distribution limited (censored) by some 
limit L is fairly straightforward but is not covered here. 

‘NAIC, op. cit. 
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fit was obtainable, implying that the ALAE-indemnity relationship was representable by a 

member of the “power’ curve family, Y-AXa. 

The equation used to regress the ALAE means against the indemnity values (grouped into 

brackets) is: 

Log&Y) = A + B*Log,(X). 

The weighted least squares best fit coefficients, using the number of claims in each indemnity 

bracket as weights, were 

A = 3.66331 

B = .482945 

From the same data base which was used to develop this relationship between average ALAE 

and indemnity. it was also determined that the average indemnity was $53.363. Thus, 

Let 1 = average indemnity = 53363. 

Then restate the regression formula above by expressing both ALAE and indemnity as a rsrio 

to the average indemnity over the entire distribution, as follows: 

y’=Y/l 

X,=X/I 

Then the restated expression becomes: 

LOg,(I*Y') = B*LOg,(I*x') + A . 

Simplifying, you get 

LOg,(t-)- B*LO!&(X')+ B*LOg,(I)+ A - LO@) 

= B’Log&X’) + (B-l)*Log,(I) + A . 
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Then let 

C - (B-l)*LOg$) + A - -1.964768 

You then have 

LO&(y) - B’LOg,(X’) + c 

and 

Y - eCX” = .1401884 l X*.=” 

For future reference, we call 

D = ec . 

From the above expression, it can be noted that, in approximate terms, the expected ALAE 

varies in proportion to the square root of the sample indemnity. 

Distribution of ALAE per claim, independent of indemnity 

The next step of our treatment of ALAE in the model is to examine the distribution of ALAE 

per claim (defendant), irrespective of indemnity amounts. To do this, we again investigated the 

NAIC closed claim study.” The distribution is graphed in Appendix D, page 3. Using 

lognormal probability graph paper, the near straight line plot of the cumulative distribution 

function suggests that, just as was the case for the distribution of indemnity values by size, the 

ALAE amounts also can be represented quite adequately by the lognormal model. 

We determined a mean and variance for the ALAE distribution two ways: first, we calculated 

the mean and variance directly from the data and then we followed the same procedure used 

for the indemnity graph. After drawing a straight line fit for the cumulative distribution 

function on the lognormal probability graph paper (the plotted points from the actual data were 

close enough to a straight line to allow us to simply draw the fitted line free-hand), we “picked 

off” the median and standard deviation directly from the graph, using the 50 percentile and +I 

“For this distribution, we chose, for the sake of conservatism, the earlier 1975 version of 
the NAIC study, since the plotted CV was higher than that of the 1978 release. 



standard deviation marks on the vertical scale, as follows: 

Observed median = fl- 1355 . 

Observed P = log,(5200) - log,( 1355) = 1.345 

Our final selected value for the mean is, then 

exp(10g,(1355)+(I.345)2/2) - 3348 

Of more importance, as will become clear later, our selected value for the variance was 

(1.345)‘. or 1.809. 

Parameters for conditional ALAE distribution 

We established earlier that, for purposes of sampling ALAE for any Monte Carlo simulation 

model, the expecled ALAE in the distribution sampled from will be dependent on the sample 

indemnity value, or 

E[YlX] = DXs , 

where 

Y = random variable ALAE, conditional on value of indemnity, X 

D = .I401884 

B = .482945 

and both Y and X are expressed relative to the unlimited mean indemnity. 

Aitchison and Brown” have shown that if the random variable X is lognormally distributed 

with parametersr and o 2, then DXa is also lognormally distributed with parameters log(D) 

+ BP and B2 (r2. The parameters are the mean and variance, respectively, of the logs of the 

random variables. 

We now let 

S2 - variance of the logs of ALAE means E[yX], conditional on 

sample indemnity values 
= B’.T’ 

“Op. Cif., p. II. 
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I (.4829S6)2(1.8531)2 

- .8009 

Again employing Hewitt’s method of isolating the “spread parameter’,12 we can solve for the 

variance applicable to each ALAE ‘group’, ( p,)‘. defined as the sample ALAE given the 

sample indemnity mean: 

We earlier derived an approximation for the combined variance 

then 

S2 + (q)' = 1.809 

( wr)’ = 1.809 - .8009 

- 1 (approx.) 

In a word summary, then, we have established that the sample ALAE (relative to the unlimited 

mean indemnity) would be drawn from a lognormal distribution whose mean is .I401884 

X.4a2945 and the variance of whose logs is 1.0, where X represents the sample indemnity, 

relative to the unlimited mean indemnity. 

Testing the sampled ALAE values, conditional on sample indemnity 

Using the parameters estimated above, a test was set up to randomly sample 100,000 claims to 

make sure that the resulting overall ALAE sample moments were sufficiently close to those 

from direct calculations. For all ALAE combined, the coefficient of variation (CV)B is 

determined: 

(CVJ2 - es2 + e2 - 1 

- 5.104 

cv, = 2.259 . 

From our sample of 100,000 claims, the sample CV for ALAE was 2.24363. 

THE MONTE CARLO MODEL 

Having highlighted the key actuarial considerations in approximating the probability 

“Hewitt, lot. cit. 
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distribution of self insured losses, we are now ready to describe the Monte Carlo model in some 

detail. The use of Monte Carlo models shows up with increasing regularity in the actuarial 

literature.13 But despite the general agreement. in risk theory circles, that Monte Carlo models 

are an acceptable technique for approximating these distributions, this author perceives that 

any number of the direct approximation methods” are considered superior, asfuming that the 

mean and variance of the distribution can be calculated directly and precisely. 

Given all of the interactions between the many variables discussed above -- e.g., the calendar 

year payout and the present value calculation and the iodexed retention and the 

ALAE-indemnity relationship -- plus the necessity of treating the runoff of prior years’ losses 

and the target prospective year simultaneously, this author is hard pressed to identify any direct 

approximation formula from any risk theory text which will yield adequate results for the 

defined problem. The use of a Monte Carlo model, in which all of the interactions can be 

adequately defined and programmed into one composite risk process, would appear to be the 

only satisfactory approach. 

A full description of our self-insurance Monte Carlo risk model is included in Appendix E. 

In the first section, we have listed the miscellaneous assumptions, the input parameters, and 

the various distributions from which samples are made. For our selected case study (which we 

will call “XYZ Hospital”), the initial target year is accident year 1989. A second run, made one 

year later, considers the run off from the 1989 year and the 1990 prospective losses. In the 

second section of the outline the actual simulation process for one trial (normally, at least 1,000 

trials are run for a given case study) is outlined in pseudo code. Tracking the program flow 

through this pseudo code will reveal how the many variables interact with each other. 

Parameter variance 

Over the past few years there have been welcome additions to the body of actuarial literature 

dealing with pnromerer variance, as it relates to simulation models to approximate aggregate loss 

distributions. We will not attempt in this paper to supply another textbook treatment of 

parameter vuriunce and process variance. Suffice it to say that it would be hard to imagine 

deriving any valid results from a Monte Carlo risk model which did not incorporate some kind 

of parameter variance -- particularly for a line with as much uncertainty surrounding the 

13Seel for example, P. E. Heckman and G. G. Meyers, “The Calculation of Aggregate Loss 
Distributrons from Claim Severity and Claim Count Distributions,’ PCAS, LXX (1983). p. 22. 

“No attempt will be made to provide a list of these methods here 
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‘universe’ means (frequency and severity) as medical professional liability. 

The key point is that the parameter variance is the same over all size of hospital risks. The 

vagaries of the business -- the social, economic, and legal dynamics which dictate that we do 

not deal from the same S2-card deck from one year to the next -- apply equally to all sizes of 

risks. Thus, while the process variance may play the lead role in driving the overall aggregate 

loss distribution for small hospitals, the parameter variance is predominate in models of larger 

risks, for which the process variance, or the pure statistical sampling error, has been reduced 

simply by virtue of the larger volume. 

Rather than mathematically rolling the parameter and process variances into one combined 

variance for simulation purposes, this author chose to incorporate the two variances into the 

model as separate routines, in step-wise fashion. For a given trial, the first step is to randomly 

select the “universe’ frequency and severity (average unlimited indemnity) from distributions 

the means of which represent our best estimate of these two parameters, based on the data 

which is available (statewide, countrywide, the hospital itself). The standard deviations of 

these distributions of the frequency and severity universe means are judgmentally selected to 

represent the “uncertainty” surrounding these means, resulting from many forces. This author 

is not aware of any successful attempts to quantify these factors, if, indeed, all of them have 

identified. 

After the universe mean frequency and severity have been selected, the second step is to select 

the sample frequency (or total claim count) and then, for each claim, the sumple claim amount. 

For sampling the frequency distribution, we use a Poisson process, unless the “universe” mean, 

selected in the first step, is greater than 15, in which case the model uses the normal 

approximation. As developed earlier in some detail, the lognormal distribution is used in the 

sampling of the individual claim amounts. 

IBNR Distribution 

Treating the runoff from prior years as a random process in our model requires not only 

simulating the payoff of reported and unpaid claims but also determining the expecfed IBNR 

from those years and the distribution around that expected value. As was shown in the 

description of the model and the “pseudo-code”, the open cases are treated separately from the 

IBNR’s. For our model, the expected number of IBNR’s is determined by selecting an a prrorr 

total ultimate claim count for each of the prior years, and multiplying times the reporting 

percentages taken from our assumed reporting distribution. The actual sump/e number of 
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IBNR’s for a particular trial is then determined by randomly selecting an ultimate number of 

claims for the prior year in question and then for each of these claims randomly selecting the 

report year (again from the report year distribution). If the report year thus selected is prior 

to the current year (thus indicating the claim would have already been reported) the claim is 

not counted as an IBNR and the loop continues to the next claim. 

DERIVATION OF THE PROBABILITY DISTRIBUTION OF REQUIRED CONTRIBUTIONS 

The Simulated Loss Distribution 

With the Monte Carlo model loaded up with the appropriate input parameters and distributions, 

we can now make the run for our selected case study. For case 1, the initial year of the fund, 

the resulting printout of the distribution, generated from 1,000 trials of the model, is shown 

in Appendix F, page 2. A printout of the input parameters is on page 1 of that appendix. The 

results of the 1,000 trials have been tabulated and summarized into 31 intervals of retained 

losses (at present value), including the number of “hits’ in each bracket and also the total 

retained losses in each bracket. 

For case 2, performed on the same hospital at the beginning of the second year of the fund, 

the input parameters are shown on page 3 of Appendix F. For this case, the current assets 

become part of the input variables, as well as the assumed expected average indemnity on 

unpaid claims from the prior year. The resulting distribution of required addifional funding 

for year 2 is shown on page 4. It can be noted that in over half of the trials no additional 

funds would have been required. In other words, the assets of the fund after one year (the first 

year’s contribution plus earned interest less the losses paid) would have carried forward 

sufficient safety margin to cover not only the run-off from year one but also a second year’s 

incurred losses. However, in order to continue to maintain funding at a high level of 

confidence for year 2, additional funding is required. 

The histogram of the simulated distribution and the cumulative distribution ogive for cases 1 

and 2 are shown on pages 5 and 6. for the first and second year funding. These plots display 

a fairly smooth and regular contour -- so much so that, with enough effort and with an 

appropriate set of parameters, someone could undoubtedly uncover some exotic probability 

density function which would supply an acceptable “fit” to this curve. But what purpose would 

this serve? It would be unlikely that such a curve, or even a member of its immediate family. 

would adequately fit another case defined by an entirely different set of initial variables 

(retentions, unlimited means, report-year/calendar-year payouts, etc.). Thus, the final 



estimated loss and required contribution distributions in Appendix F. generated solely for this 

one particular situation, initial funding and second year renewal funding, are simply what they 

are. They need no name. 

From the final simulated distributions of required funding, one needs only to make a few 

simple interpolations to approximate the indicated funding levels at selected confidence levels. 

For this example we chose to display the 90%. 95%, and 99% confidence levels. These 

interpolations are shown at the end of the printouts on pages 2 and 4. Thus, the indicated 

funding levels for the two years would be as followr 

Year I 

Year 2 

Confidence Level 
_____________-______------------------------------------ 

90% 95% 99% 
__----_-__ ---------- ---------- 
$2.340.000 52.734.000 $3,594,000 

1,457,ooo I ,968,OOO 2.980.000 

The second year funding indication depends, of course, on which funding level was selected 

for year one (corresponding to a selected level of confidence) and what the assets were at the 

beginning of year 2. For our case study, we assumed that the assets, after the first year’s 

contribution, one year’s interest earnings on the funds, less the disbursements (paid losses) were 

162,950,OOO. We further assumed that there were seven claims reported and unpaid from year 

1 at the beginning of year 2. with an average reserve of $130,000. 

SUhlMARY AND CONCLUSIONS 

In this paper we have developed a procedure to determine the required funding for hospitals 

which self insure some layer of their professional liability exposure. The method would apply 

equally to workers’ compensation. To derive indicated funding at various confidence levels, 

a probability distribution is approximated which combines the runoff of losses from prior years 

with the prospective losses of the target year. This distribution is approximated with a Monte 

Carlo simulation model, incorporating the interaction of many variables. The model is 

designed to be run on an annual basis, and at each renewal it calculates the distribution of 

additional contributions required which, when combined with the current assets, will cover the 

present value of all losses. 



Bracketa # Claims 
___----- --__--- - 

0 51607.8 
100 358.3 
I33 103.2 
178 145.3 
237 167.7 
316 242.8 
422 292.9 
562 411.8 
750 581.2 

1000 828.3 
1334 1015.0 
1778 1170.2 
2371 1477.1 
3162 1499.5 
4217 1640.8 
5623 2180.2 
7499 2071.1 

10000 1884.5 
13335 2029.0 
I7783 1906.4 
23714 1848.9 
31623 1564.3 
42170 1448.2 
56234 1340.3 
74989 1171.7 

100000 926.5 
133352 917.8 
I77828 746.2 
237137 722.3 
316228 456.1 
42 1697 402.6 
562341 247.9 
749894 199.7 

1000000 112.6 
1333520 93.3 
1778280 34.0 
2371370 15.1 
3162280 22.4 
42 16970 4.9 
5623410 0.0 
1498940 0.0 

10000000 0.0 

TOTALS 

Appendix A 

NAIC CLOSED CLAIM DATA BASE - ADJUSTED FOR FREQUENCY/SEVERITY INDICES 

Distribution by Size of Loss 

All Claims Combined 

TOTAL, EXCL. CNp’s 

Cum. * Claims 
_-_____-_---- 

51607.8 
51966.1 
52069.3 
52214.6 
52382.3 
52625. I 
52918.0 
53329.8 
5391 I.0 
54739.3 
55754.3 
56924.5 
58401.6 
59901.1 
61541.9 
63722. I 
65793.2 
67617.7 
69706.7 
71613.1 
73462.0 
75026.3 
76474.5 
77814.8 
78986.5 
79913.0 
80830.8 
81577.0 
82299.3 
82755.4 
83lS8.0 
83405.9 
83605.6 
83x8.2 
83811.5 
83845.5 
83860.6 

EE 
8388719 
83887.9 
83887.9 

Indem. Amount 
“__-______--- 

0 

Avg. Indem. Exp.Amount 

18105 
11821 
22401 
34386 
67813 

108852 
201463 
379945 
720464 

1167310 
1831020 
3059210 
4177710 
6069360 

10755100 
13590200 
16401600 
23358300 
29460500 
37950200 
42906200 
53156900 
65590800 
76561700 
79771100 

105277000 
114798000 
148033000 
124647000 
145920000 
120768000 
129525000 
97909200 

106538000 
50086600 
30357800 
62 I35900 
19205700 

Fl 
0 

__--__----.. 
0 

1:: 
154 
205 
279 
372 
489 
654 
870 

I150 
1565 
207 I 
2786 
3699 
4933 
6562 
8703 

11512 
15453 
20526 
27428 
36705 
48937 
65342 
86099 

114706 
153843 
204947 
273289 
362444 
487164 
648598 
869531 

1141890 
1473140 
2010450 
2773920 
3919530 

: 
0 

__-__-_--- 
133432000 

8201 I 
28022 
24138 
65189 

127607 
120612 
306647 
409760 
76703 1 

1408230 
1483850 
2794090 
2815350 
3594630 
5663140 
6580210 
5619610 
7190910 
9797740 
8096010 
8307880 
8734200 
9357350 
9231510 
7090310 
8637350 

10081600 
10681500 
6077140 
7202570 
4983840 
72041 IO 
2094480 
2284480 
I 177000 
434327 
978374 
206093 

: 
0 

Avg. Expense 
____________ 

2586 
229 
212 
166 
392 
526 
412 
745 
705 
926 

1387 
1268 
1892 
1878 
,‘I91 
2598 
3177 
2982 
3544 
5139 
4379 
5311 
6031 
6982 
iSi9 
7653 
9411 

13511 
14388 
I3323 
17890 
20104 
36075 
18601 
24485 
34618 
28763 
43677 
42060 

: 
0 

83887.9 1722570000 20534 295171000 3519 
32280. I 1722570000 53363 161739000 $011 

#End point of interval of indemnity amount 
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NAIC CLOSED CLAIM STUDY ---- 
CUMULATIVE DISTRIBUTION BY SIZE OF LOSS 
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Appendix B 

MAit CLOSED flEOIC# LIRBILITY CLRMS - RDJUSTEO FOR FREPLWV/SEVERITV TRENDS 

REPORT YEARICRLENDAR If&R MTRII FW( LOSSES OF O+tE RCCIDERT VEM 

otqr I Of 4 

Rmort 'Itar 
_________--___--_-__-------------------------------------__-___--_______--_____________________ 

l&l.VW 1 2 3 4 5 b 1 8 9 101 lot&l CI 
-------- --_---__- -------__ ______--- -----__- ___----. __---__ ____e-__ _e___ -_--__ __-_---- ----me.-- 

1: 
ICYI Cl8.5 0.0 
IYUEfl 3:"?9300 0 
ICYII'YE 2822.S 0.0 
ALL 1985220 0 
4CNP llb48.7 0.0 
PVL.INCEI 1823 0 
dV6,llLRE 703 0 

2: 
ICY1 YO0.8 998.7 
!NCEM 9::59'?0 15:18500 
tCI1!'CYE w5.5 lX5.J 
ME !!119?00 2209980 
ICYP bYI. I 20'6.2 
ai%. IllDEn :w9 lVS8 
RVE.ALbE 2311 W? 

3: 
ICUl ?7’!.4 313.0 
INXM II4CI!?PO 6:847!OG 
tCMl:SuE 1473.3 4075.9 
riLPE 131~mO l0al1900 
KNP 17I4.2 2141.0 
46. WJEN 4llS5 31717 
AKkLJE W67 2bSl 

4: 
WI 2059.9 2DbS.8 
INDEll !!916?000 97840500 
4CYIiCYE 3439.6 3882.1 
RLAE 22287000 22019200 
ICNP 32.5 700.7 
M.INCEM 57852 47362 
llV6. RLRE h480 5672 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 0.0 0.0 
0 0 0 

0.0 0.0 0.0 
0 0 0 

0.0 0.0 0.0 
0 0 0 
0 0 0 

bSo.4 0.0 
11~33s00 0 

1418.5 0.0 
2316750 0 

u.9 0.0 
17x9 0 
lh47 0 

11E3.4 
St162100 

367.6 
9143340 

945.5 
314OJ 
S402 

0.0 0.0 0.0 
0 0 0 

0.0 0.0 0.0 
0 0 0 

0.0 0.0 0.0 
0 0 0 
0 0 0 

196.7 
5590990 

425.0 
750406 
367,b 
29424 

1766 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

100.6 
4988230 

lb5.1 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
G 

0.0 
0 

0.0 
0 
0 

5: 
KY1 
!NBEII 

l:U?.S I4'4.S 1353.5 3hS.7 
9GZP4500 99669400 60844300 l919hOOQ 

ICY1 / CYE :012.5 271h.l ?SG2.3 852.4 
R;IE 15079500 lEl22900 12210800 2898220 ?60409 
li!tP 221.8 X9.9 411.7 357.0 175.5 
PV6. INDEtl 70132 b6691 4495'1 52491 49565 
RV6.RtPE Tk93 Lb72 4@80 3400 2183 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0,o 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 
0 

0.0 
0 

0.0 
0 
0 

0.0 421U.S 
0 32999300 

0.0 2822.5 
0 1985220 

0.0 11648.7 
0 7823 
0 703 

0.0 439O.S 
0 112478300 

0.0 5990.8 
0 !3;29700 

0.0 8bU.3 
0 2SS6b 
0 :x5 

0.0 w;.a 
0 18”E‘“OO . eI 

0.0 VObT. 7 

0 :::4:400 
0.0 4862.1 

0 34170 
0 3144 

0.0 5505.8 
0 259,b2000 

0.0 104J4.3 
0 S4200000 

0.0 XX.3 
0 47180 
0 5194 

0.0 laOI. 
0 274W?OO 

0.0 8Z48.4 
0 466':vo 

0.0 :::5.9 
0 SV‘SE 
0 9: 
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Appendix B 

MAIC CLOSED KDICAL LlARlLITY CLAMS - ADJUSTED FOR FREOUECvISEVERIlY TRENDS 

REPWIT VEARXALMAR YEAR YTRIX FDR LOSSES OF DIE YCIDEWT ‘IEAR 

o*qo 2 of 4 

Rooort Vrar 

Cd, Ywr 1 2 3 b s h 7 0 9 101 Total cv 
__-__--_ e-------- _-_--- --- - -____-- ----- _-_ -____ --___ -------_ -------- 

b: 
ICUI bS7.0 ?54.0 936.5 448.5 175.6 40.5 
InDEn 6281bSab 68229600 Sl776400 29412800 7451200 2171270 
ICYIOE 1047.0 lb11.6 1643.2 822.7 3%. B 72.2 
ALAE 69183E0 15749100 llf32300 506200 1394870 124Obb 
ICNP 114.7 234.5 257.7 144.7 Mb.3 89.3 
M6. IYDER PEbb4 7lS20 55287 65580 42433 S373S 
AV6. ALM 8518 9772 7010 6154 3931 1717 

7: 
ICY1 512.0 457. I 501.4 28B.S 159,s 91.9 
!NDEil 25h9?300 G47SOb 36378300 28472600 7354830 7186140 
lCYI:tYE 519.0 B42.0 850.2 588.1 311.2 19h.9 
ALAE 5202720 7814970 7Sb1700 f747SPb Ilb04Eb 8471S9 
IMP b3.4 I18.7 lhl.5 b4.2 72.1 Ilb.6 
AV6. INDEn 8235? 94832 72553 98760 46170 78195 
PVS. mt IX07 Q31 882s 9775 4719 4SSJ 

8: 

ICll M.b 169.9 ;Ih. 1 154.4 107.2 Eb.1 
!YOEtl 22::!100 2019bbbb 24585500 231019ba 145566ba 8527560 
ICll'CIE x1.4 143.5 508.7 319.7 174.7 138.9 
RLAE :IPbI?b JbPIhBO 5584570 2777160 1436h90 1017770 
IMP 53. b 57.0 60. S 24.4 33.7 32.2 
Wi. INDEll iXZ?J 118875 99900 149624 155789 99043 
AVS.ALAE Ol4h LO747 10978 8687 8224 7487 

9: 
ICUI 91.9 125.3 1sa. 1 87.3 5s. s 76.1 
IWDER 1~032600 lb3bbbbb 2IbSPSbQ 18619100 4122220 lh2Sabbb 
lCul/tuE 178.4 208.7 264.1 197.0 lbB.4 104.9 
ALAE 2408100 2365090 4hS25ha 2499220 1299700 798795 
ICNP 17.b 27.b 46.9 22.0 lb.0 21.9 
AV6. IWDtl! 174457 130136 203182 211277 77878 212141 
AVK.ALK I3502 II332 17617 12bBh II990 7blS 

10: 

ICMI 38.2 59.6 102.1 b4.4 3a.a n.s 
INCER bl5SCIb 10470000 25091200 llh32900 79192Sb 9261940 
ICNIiCYt 77.4 99.1 153.7 1bb.b 70.3 59.8 
bLAE 7h7Vb7 1591910 239ab40 1hbb3bb 1013100 495524 
ICIP 7.0 12.2 30.5 19.0 2.2 0.0 
A!%. INDEH 161074 175671 i45751 lEV635 257119 27L53b 
AK. ALAE ~910 lb084 15554 159bE 14414 82Rh 

0.0 
a 

0.0 
0 

0.0 
0 
0 

35.5 
1840770 

b4.2 
II9039 

7h.h 
51853 

IRS4 

bQ.5 4B.b 
5314600 3321850 

128.0 S2.b 
561130 IbbbPh 

78.4 56.9 
22034 bUS1 

4bbh ZOl7 

Sb.4 
JJJJbbb 

95.6 
S2414S 

5b.B 
59107 
5403 

S3.0 4b.3 
h37l4Sb 7106910 

61.1 70. I 
477845 302084 

P.E 7.4 
I93074 IS1497 

7795 4109 

0.0 
0 

0.0 
a 

0.0 
0 
0 

0.0 

0.a 
0 

0.0 
0 
0 

4s. 1 
hbE6580 

99.4 

hl.2 

SbSJ 

0.0 0.0 31P2.1 
0 0 22lRS7000 

0.0 0.0 sss3.s 
0 0 42781100 

0.0 0.0 1027.2 
0 a 69502 
0 0 7705 

0.0 a.0 1845.S 
0 0 I5027a000 

0.0 0-b 33b2.S 
0 0 287blibb 

0.0 0.0 hT5.3 
0 a 8!4?8 
0 a B5:h 

0.0 
a 

0.0 
a 

0.0 
0 
a 

0.0 IP48.4 
a 13!:5E:Oa 

0.0 IP17.5 
a !‘6:5~50 

0.0 !Qb. 7 

a I26057 
0 PC02 

12.6 0.0 bBB. e 
SSJ704 a 110163000 

17.8 0.0 1274.3 
l7EbP 0 15126000 
s1.2 0.0 296.0 

4394s a lS99JS 
1001 0 llblb 

40.9 9.4 43.2 
b2:4870 SSbhJ! 907P4100 

7?.S 21.1 ‘05.9 
3J401 b 791326 w!:~o 

30.5 7.1 I:!.5 
152442 58578 IQ8154 

408s 37515 I:103 
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Appendix B 

NAK CLOSED ~DICAL LIABILITY CLAIMS - ADJUSTfD FDR FREWLYCY/SEVLRIlV TRENDS 

RWrRT vUR/CALENDAR YEAR RATRII FDR LOSSES Of WE RCCIDW VW 

04qt 3 Qf 4 

Report Yew 

c41.rru I 1 I 4 3 b 7 8 9 ia+ Tntrl Cl 
------- -------- e---e ---e-e_-- -------- ---_I -e-e-. _-_-- -______- -_-- e--w -- 

11: 
IWI 12.4 28.4 30.5 27.3 lb.6 12.8 40.6 20.3 30.8 49.0 302.9 
INDEll mh450 4233490 Su34620 SSbSB90 13397ha 7hSla9 si87850 3814980 i46t4bo 4948140 33559700 
ICYIltNf b7.1 3S.b 80.9 so.7 23.3 14.9 b7.9 S&.2 59.2 54.5 510.3 
AlIE 747813 842EPb 1031990 BS9194 329742 109646 b26445 5laa24 442201 i8sss8 57assia 
ICNP la.3 12.1 la.4 4.0 0.0 7.6 3.3 2.6 17.6 4b.O 114.9 
AVl.INDH 135JB4 1490h? 115537 202S9h 126395 59774 78518 ma29 48099 100982 II7598 
M.&E 15877 15215 12756 lb947 14032 7359 9226 9073 7807 3401 11180 

12: 
ICYI 8.3 24.1 24.2 lb.0 12.B lb.5 13.4 26.0 28.1 57.6 227.0 
INDEll iik?480 h275840 4763lfa 2770500 2870580 4038isa is83540 2216640 sf30560 6412130 37578600 
ICIII!CYE 32.7 ¶I.? 37.0 19.0 18. I 19.3 29.8 28.3 44.1 109.9 3B9.9 
ALAE 545520 7b408l 426788 214047 
ICNP 8.0 0.0 i0.a la.7 
AV6.lXDEII I:4636 260408 lPhB?I 173156 
AV6.AtAE lhb03 14779 llS35 112bb 

14669h 109496 443ab7 4srrsr 1042200 137709aa ~7897800 
5.2 0.0 0.0 2.7 0.0 47.1 84.3 

224244 244736 llBl73 ES255 IPbBl7 111322 165544 
8105 5664 14048 15562 23h33 ma4 45904 

13: 
ICY1 
IN0111 
tCnI!CYE 
ALAE 
ICNP 
AV6.INUEl! 
AVS.ALAE 

5.4 5.3 22.4 2.8 
1103330 la7asao h978730 137536 

0.2 lb.5 30.6 5.4 
il'% 235890 S5lblb 97325 

2.8 2.h 2.7 0.0 
204320 203491 sussa 49049 

14389 142Pb 18007 l&m 

5.3 2.B 5.2 8.9 24.0 s7.s 140.4 
Shb984 610383 1687220 lao494aa 5933220 bB42:50 34w300 

13.9 2.1 
sob23 29513 

0.0 2.8 
I0%46 217994 

3599 10931 

0.0 3.5 
0 blS9J2 

0.0 5.3 
0 40947 

0.0 0.0 
0 lllPB6 
a 11081 

0.0 0.0 
a a 

0.0 0.0 
a a 

0.0 a.0 
a a 
0 0 

119 

13,b 8.9 24.E 98.2 2:2.0 
212439 367939 349327 571351 2583oia 

2.6 8.5 IS.4 24.8 40.4 
524444 it29140 239243 118996 24915s 
1ShJS 41341 14084 581B 11593 

14: 
ICll 
INMll 
ICYIlCY 

8.8 3.8 14.4 0.0 
lb2JBl 51903 is90490 a 

9.0 8.8 23.0 3.7 
27S20 178291 246741 2bbl3 

3.E 0.0 0.0 0.0 
18452 89492 11045~ a 
30s 20260 10728 4364 

0.0 2.0 3.1 66.7 109.7 
a 2136340 SB5SBB l4ai3saa 1942uaa 

0.0 2.8 14.3 09.6 ISE.7 
0 IRPb 32sbas oaf173 1872i90 

0.0 0.0 0.0 17.8 23.4 
a 762919 h7612 210098 l77bSb 
0 bll 3675b 8986 11797 

ALAE 
ICN? 
IIVB.IHDEfl 
AVS.ALY 

15: 
ICI1 
INDEI! 
lCYl/CYE 
ALAE 

5.7 
107hi80 

14,s 
221683 

3.1 
274813 

0.0 0.0 
0 0 

a.0 3.0 
0 Rob71 

0.0 0.0 
0 a 
a 24490 

0.0 3.1 
0 IS44170 

0.0 3.1 
a bb94Ob 

3.0 0.0 
a 498121 
0 196581 

0.0 14.8 26.7 
a 1588750 448.3920 

3.1 
9959s 

0.0 
88650 
32127 

3.0 
29950 

43.9 70x4 
473084 I5lsbsa 

5.8 8.8 
107348 167937 

1077h 21140 

ICNP 0.0 
AV6,liiDEll ima 
Av6.RLAE lS?BB 

0.0 
0 

9950 



Appendix B 

UAIC CLOSED MDICAi LMIILITY CLAIMS - RDJUSTED Foil FRfDWICYlSMRIlV TRENDS 

REPoAl VERRICRLENDM YEAR MlRlX FDll LOSSES OF ONE KCIMNT YE&R 

otqt 4 Of I 

Rroat VW 
---..-----~~--~-~.~_________l______ll__..--~- 

Cd * vt4r 1 2 3 b 3 h 1 B 9 101 1ott1 cv 
.m-.- --._. - -_.-__ I_ ____ .__..- -- --- -- .- ---- .--- 

16: 
ICI1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7a.b 70.4 
INDEll 0 0 0 0 0 0 0 0 0 13784306 15784300 
ICYI/CYE 0.0 0.0 0.0 J-1 0.0 3.1 0.0 0.0 0.0 80.3 Oh.S 
LLRE 0 0 0 16204 0 bS949 0 0 0 19s1o~o 2033320 
ICIIP 0.0 0.0 0.0 0.0 0.a 0.0 0.0 0.0 0.0 21.) 21.4 
AV6. IllDEll 0 a 0 a 0 0 a 0 0 224209 224209 
AvL.kf& 0 0 0 S233 0 2127b 0 0 0 24297 23507 

1ott1 
RIO. YW 
ICY1 lSb44.4 8404. b 5232.0 1bSl.b bS1.7 3bb.2 253.6 201.1 lb2.9 325.b 32279.5 
INOEl s94ai4aaa 447507000 29449Raaa ~44500000 slsh37aa k94ssSaa 33319100 36878800 20119200 301397001722570000 
lCuI/CrE IQb29.0 15219.0 10201.8 SJ92.4 124a.o 608.2 470.4 $21.4 235.7 497.3 SlElb.? 
ALAE 900~3400 84499300 57409200 22634400 7499930 3709000 29h4320 2892lhO 278iaIo iRs4R500 :9515noa 
ICNP 21011.7 5742.3 2904.9 1015.2 491.0 272.6 22b.S 139.3 92.9 170.0 :2abh,h 
RV6. INDEll 39537 53246 34288 87491 7809h 13499a 131384 183sBb 140792 1SIbEh 533bb 
AVS. ALE 4584 5603 Sh47 hh72 4040 ha98 4302 8999 11799 37283 Sb?h 

Rho. ~9. 
u-ndemitv to 
tot,1 ICC.W. *I4 1.00 1.05 1.hk 

'Swethtd' 
tvq. rndm. 
rtt10 .74 l.aa 1.20 1.40 

Ratlo. tot41 
4 tlua to 
totr1 ILL.W, .I04 230 . 1Sb .a53 

1.44 

1.60 

.a21 

2.53 

2.00 

.ait 

2. kh 

2.35 

3.44 

2.70 

2. b4 2.89 

2.845 3.00 

, OOb ,008 

Souro: NAIC llrlmtticr Cl~iw Rodic~l lltlor~rtic~ Clorrd Clumr. 1975-78, 
Nrtionrl i0rmmtim of Inruru~e Comisciona,. 1980. 
Rd!uctmtr fw frrqumtvlwwitr trends wfawd bv the author m 
thr d&Al datr twe purthasrd fm NRIC. kwdinqly, the conrlurionr 
drm from the rd#ed data we thou of the author end not nrcmaily 
those of the NAIC. 
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Appendix B 

5: 70132 bbb9I 4k953 52491 
I.174 1.253 0.799 O.bOO 

6: 98604 71520 55281 65580 
2.494 1.M 0.982 0.750 

7: 82357 94632 12553 9E760 
2.083 I.!81 1.289 1.129 

8: 13X73 118875 99900 I49624 
3.424 2.233 1.775 1.710 

9: 174457 130136 203182 213217 
4.412 2.444 3.610 2.43E 

10: lb1074 175671 24Slfl lBOb3S 
k.blk 3.199 k.fbb 1.065 

II: 135384 149Ob7 115557 202396 
3.424 2.800 2.053 2.313 

12: 13463b 304oe 196024 113lS6 
3.kOS 4.891 3.49f 1.979 

13: 204320 203491 311550 49049 
5.168 3.822 s.sss 0.561 

148 18452 89492 llO4Sl 0 
O.kbl 1.681 1.962 0.000 

IS: lE8804 88650 0 0 
k.115 1.66s 0.000 0.000 

lb: 0 0 0 0 
0.000 0.000 0.000 O.Obb 

btal 39537 5324b 56260 87491 

MIC CLOSED IWCRL LIRBIL~TY CL11115 - PDJUSTED FOR FREQUECV/SEKRITV TRENDS 

REPORT YEiWCRLEIDAR VERR )IRTRII FOR LOSSES OF ORE IKCIDENT YEAR 

Rtmrt Yru 
Ctl. ____________________------------------------ -----_- 

Yrtr I 2 5 4 5 1, 7 B 9 IO* 
_--- - -_I - _-- --* -- 

(------ Ratlo, 4~9. uidmity to trp.ind.,tatrl rswt VW 

12bS92 59774 78SM lSUOZ9 48099 100982 
I.618 0.443 0.590 1.02s 0.342 O.bSS 

2242M 244736 118175 OS25S 19bBl7 111322 
2.872 1.813 O.E99 0.465 1.W 0.122 Rrl. CY 3 

10584b 211994 3244bS 1129lM 239243 llR996 
1.M 1.615 2.410 b.151 I.b99 0.772 ttt. 

0 1119m 0 7b2979 blbl2 2WD97 
0,040 0.830 o.obD 4.161 0.480 1.364 

0 0 0 498119 0 107SM 
0.000 0.000 0.000 2.716 o.ob4 0.697 

0 0 0 0 0 224209 
0.000 0.000 0.000 0.000 0.000 l.kSS 

78096 134990 131384 IE33Bb 140792 lS4OEb 
‘LP.Y~ I.000 I.ObO 1.000 1.000 1.000 I.000 I.000 1.000 1.000 1.000 
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WC hISED HEDICAL LlABlLITY CLAMS - ADJUSTED FMI FREWtNCYlSEXRITY TRENDS 

REPORT YEAR/CALENDAR YEAR RPTRIX FOR LOSSES OF O#E MClOENl YERR 

relative ~41. wr I 4~9. = 0.233 
rclrtiw crl. war 2 4~9. * 0.669 
relatirr ctl. mr J 4~9, a 0.891 
relrtivr ctl. war 4 ~9. 8 1.295 
rrhtivc ctl. war S 4~9. * 1.531 
re1atrvr cat. wr 6 rv9. = 2.125 
rrl4t1v, ctl. war 7 tv9. * 2.623 
rtlatlur crl. war 8 up. = 3.173 
rrlcttrr ml. “par 9 4~9. = 2.972 

Sroothtd 
----__ 

.2s 

.bl 

.a9 
1.10 
LB 
2.13 
1.60 
2.80 
3.00 
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Repel 
Year 

XYZ HOSPITAL 

Assumed Dlstributioo of Claims by Report Year 

For Claims Incurred IO One Accident Year 

*t 

(1) 
Ratio, Number of 
Claims Reported 
to Total Accident 

Year Claims 
---e-v ----m----“_.. 

1 ,387 

2 .300 

3 201 

4 .066 

5 .025 

6 ,012 
7 ,009 

(3 (3) 
Ratio, Average Ratio, Amount of 
Indemnity to Indemnity to 
Average for Total Accident Year 

Entire Accident Year = (1) x (2) 
------_------e-*---e ----___-___ 

.73873 .28589 

.98498 .29549 

1.18197 .23758 

1.37897 .09101 

I.67446 .04186 

2.16695 .02600 

2.46245 .02216 

Total I .oooo 1.000 

123 



Appendix B 

Calendar 
Year 

__---- 

2 

8 
9 

XYZ HOSPITAL 

Assumed Dirtrlbutlon of Claims by Calendar Year of Payment 

For Claims Incurred in One Report Year 

(1) (2) (3)* 

Ratio, Number of Ratio, Average Ratio, Amount of 
Claims Paid Indemnity to Indemnity to 

to Total Average -for Total Report Year 
Report Year Entire Report Year - (1) 7. (2) 
_-______-__- ----_--------------- --------_-- 

.25742 .264 lb .068 

.I8505 .70794 ,131 

.25840 .94040 ,243 

.I3104 1.37362 ,180 

.07175 1.61664 .I16 

.03110 2.25062 .070 

.02403 2.14124 ,066 

.02197 2.95857 .065 

.O I924 3.16989 .06 1 

Total 1 .oooo 

* Column (1) x Column (2) 

1.000 

Note: Distribution includes all claims from ground up 
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MEDICAL PROFESSIONAL LIABILITY CLAIM SIZE DWfRIBUTION 

TEST OF SP.MPLED MEANS AND CV’S, STRATIFIED AND UNSTRATIFIED 
COMPARED TO DIRECT CALCULATIONS, WITH VARIOUS POLICY LIMITS 

Lognormal distribution with Unlimited mean - 100,000 

Each sample - 100,000 random trials 

Unlim. CVz-10 
----------m--““_ 
Limited Limited 

Mean CV 
---- ----_ 

Unlim. CV’-20 Unlim. CV2=30 

Limited Limited 
Mean CV 
--me e--w- 

Limited Limited 
Mean CV 
--___ ----_ 

Limit-50,000 
Direct CaIc. 
Sample, unstrat. 
Sample, strat. 

Limit=lOO,OOO 
Direct Calc. 
Sample, unstrat. 
Sample, strat. 

Limit-500,000 
Direct Calc. 
Sample, unstrat. 
Sample, strat. 

Limit-l ,OOO,OOO 
Direct Calc. 
Sample, unstrat. 
Sample, strat. 

Limit=l0,000,000 
Direct Calc. 
Sample, unstrat. 
Sample, strat. 

Limit=25,000,000 
Direct Calc. 
Sample, unstrat. 
Sample, strat. 

Noter 

29686 0.6361 26076 0.7511 24185 0.8113 
29716 0.6352 26119 0.7502 24231 0.8164 
29242 0.6525 25717 0.7655 23861 0.8309 

43878 0.8464 38297 0.9696 35416 1.0413 
43960 0.8453 38370 0.9681 35476 1.0395 
43245 0.8614 37723 0.9831 34868 1.0544 

77888 1.4981 70163 1.6635 65847 1.7595 
17742 1.4948 69996 1.6605 65667 1.7566 
77020 1.5166 6925 1 1.6829 64935 1.7796 

88071 1.8412 81451 2.0531 77437 2.1725 
87797 1.8374 81158 2.0508 77136 2.171 I 
87386 1.8657 80648 2.0186 76594 2.1988 

99499 2.8548 98364 3.5134 97213 3.8728 
98367 2.7628 96964 3.42 15 95184 3.7946 
99335 2.9231 98250 3.5966 97164 3.9585 

99916 3.0473 99582 3.9620 99169 4.4981 
98575 2.8535 97794 3.1435 97141 4.2810 
99619 3.0336 99436 3.9946 99192 4.5895 

The objective of this test is to establish the reliability of the Monte Carlo simulation process in 
sampling indemnity amounts, both stratified and unstratified. The stratified process samples from 
distributions for assigned report year/calendar year subsets of an accident year. Prior to each RY/CY 
sampling, the report year and calendar year are selected randomly from RY/CY distributions. For 
the selected subset, the mean has been adjusted by report year and calendar year severity relativity 
factors and the variance has been adjusted downward from the variance for the entire accident year, 
so that the total sample variance for all subsets combined will approximate that of the overall accident 
year. The unstratified sampling bypasses the partitioning of the accident year into report 
year/calendar cells and simply samples from the total accident year distribution, using the accident 
year mean and overall variance. 
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x= 
Average 

Indemnity 
Bracket 

-_------- 
51 

115 
154 
205 
279 
372 
489 
654 
870 

1150 
1565 
2071 
2786 
3699 
4933 
6562 
8703 

11512 
15453 
20526 
27428 
36706 
48931 
65342 
86099 

114706 
153844 
204947 
273289 
362444 
487164 
648598 
869532 

1141890 
1473140 
2010450 
2773930 
3919530 

NAIC CLOSED CLAIM STUDY 

Repression of Avg. Expense Versus Avg. Indemnity 

Y- 
Average ALAE 

In Bracket 

229 
272 
166 
392 
526 
412 
745 
705 
926 

1387 
1268 
1892 
1878 
2191 
2598 
3177 
2982 
3544 
5139 
4379 
5311 
6031 
6982 
7879 
7653 
9411 

13511 
14788 
13324 
17890 
20104 
36075 
18601 
24485 
34618 
28163 
43677 
42060 

B = 0.48294500 A= 3.6633 1000 

EQUATION: Log (Y) - A+B*LQG(X) 

Weight 
(Number of Claims) 

______---__-__-_-- 
358.3 
103.2 
145.3 
167.7 
242.8 
292.9 
411.8 
581.2 
828.3 

1015.0 
1170.2 
1477.1 
1499.5 
1640.8 
2180.2 
2071.1 
1884.5 
2029.0 
1906.4 
1848.9 
1564.3 
1448.2 
1340.3 
1171.7 
926.5 
917.8 
746.2 
722.3 
456.1 
402.6 
247.9 
199.1 
112.6 
93.3 
34.0 
15.1 
22.4 
4.9 

Computed Y 
---------- 

259.2 
384.9 
444.3 
509.9 
591.9 
679.5 
776.0 
892.6 

1024.6 
1172.5 
1360.5 
1557.7 
1797.6 
2061.3 
2368.8 
2718.7 
3116.1 
3566.7 
4111.7 
4715.8 
5424.5 
6244.1 
7174.5 
8249.5 
9425.2 

10825.7 
12474.7 
14328.0 
16464.3 
18869.6 
21766.5 
24993.1 
28794.1 
32843.9 
37143.0 
43161.8 
50421.5 
59583.4 
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NAIC Closed Claim Study NAIC Closed Claim Study 
Regression of Avg. ALAE vs. Avg. Ind. Regression of Avg. ALAE vs. Avg. Ind. 

Indemnity (000 omitted) Indemnity (000 omitted) 
- Observed ALAE - Observed ALAE 

A=3&331 8=0.482945 A=3&331 8=0.482945 

EMJATIOH: LO6M = A t Nlfi~ EMJATIOH: LO6M = At BxLofim 

- Computed ALAE - Computed ALAE 
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DESCRIPTION OF MONTE CARLO MODEL TO GENERATE 

PROBABILITY DISTRIBUTION OF REQUIRED SELF INSURANCE CONTRIBUTION 

I. Miscellaneous Assumptions, Input parameters, and Distributions 

(a) Report year distribution of accident year losses, with relative severity factors by report 

year - see Appendix B, page 7. 

(b) Calendar year distribution of report year losses, with relative severity factors by calendar 

year - see Appendix B, page 8. 

(c) Distribution of claims (indemnity) by size - see Appendix A, page 6. 

Note: the basic distribution applies to all claims of one accident year, using the overall mean 

value for the entire year. The model stratifies the claims first in 63 report year/calendar year 

cells, each with a modified mean value from (a) and (b) above. Accordingly the variance 

apphcable to each cell has been reduced from the overall variance for random selection 

purposes, such that the combined sample variance over all 63 cells will approximate the entire 

accident year distribution. 

(d) Average unlimited indemnity by year - used as the parameter in the size of loss 

distribution for each accident year: 

year 1: 5200,000 

year 2: $225,000 

(e) Average claim expense by year. Based on the functional relationship derived between 

expected average ALAE and the sample indemnity value (see Appendix D), the sample ALAE 

is SELECTED from a distribution the meon of which is determined as a function of the 

sample indemnity. The starting values for the average ALAE for the entire accident year. 

over all indemnity values, are: 

year 1: $12,000 

year 2: $13,000 

(f) Total expected number of claims by accident year, including claims closed with indemnir! 

(CWI) and claims closed with expense only (CWE): 

year I: 20 
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year 2: 21 

(claims closed with no payment are excluded) 

(g) Percentages for claims disposed, all years: 

CWI: 60% 

CWE: 40% 

(h) Self insured retention, all years: 

per claim: s I ,ooo,ooo 

annual aggregate: SS,OOO,OOO 

(i) Parameter variance (uncertainty factor). These values are expressed in relation to the 

expected population frequency and severity, which are input. In this case study we are 

assuming a “standard error” of .15 for frequency and .I8 for severity, both expressed relative 

to the expected values. 

II. The Monte Carlo Simulation Process (in Pseudo Code) 

Accumulators set up: 

(1) Aggregate retained loss brackets (31) for all trials combined (probability 

distribution), less current assets. One accumulator for counts (number of trials falling 

into bracket) and another for total loss dollars. 

(2) Total retained by policy year. To be compared with aggregate SIR. Reinitialized 

for each trial. 

Input: 

(I) Uncertainty factors for population mean frequency and severity (parameter 

variance). 

(2) Retentions by policy year and index amount (if applicable). Per claim and 

aggregate 

(3) Current assets 

(4) Number of claims open for all prior years and assumed average indemnity for these 

open claims by year. 

(5) Assumed average unlimited indemnity, claim frequency, and average ALAE for 

next (target) year. 

(6) Assumed rate of return for present value discounting 

(7) Number of trials to sample 
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(8) Present (target) year of coverage [Yl]. For initial funding Yl=l. 

(9) Percentage of claims closed with expense only (CWE). Note: claims closed with no 

payment ignored. 

** Main trial loop 

For each trial 

If YI= I then skip to Routine for current year 

For each prior year 1 to Yl-I 

If Number of claims open for year - 0 then skip to [next year] 

For each open claim for year 

(1) Determine year reported (from actual, if available, else by randomizing 

from report year distr.) 

(2) Establish mean indemnity for year from input values for open claims for 

that year. 

(3) SELECT calendar year paid, relative to report year, and modify mean 

indemnity by calendar year severity factor 

(4) Establish retention per claim applicable to calendar year, including index, 

if applicable. 

(5) SELECT mode of closure (CWI or CWE). If CWE, SELECT ALAE amount 

only and then skip to next claim. 

(6) SELECT gross (unlimited) indemnity from size of loss distribution, the 

mean of which was adjusted by calendar year severity factors from (3). 

(7) Limit indemnity to per-claim retention for that year, as necessary. 

(8) If claim burns through remaining annual aggregate SIR, then limit claim 

accordingly. 

(9) Based on indemnity amount, adjust expecred ALAE, and SELECT sample 

gross ALAE from distribution. 

(IO) Add retained indemnity and pro-rata retained ALAE to retained 

accumulator for calendar year of payment selected in (3). 

(I I) Add retained indemnity to the aggregate losses for that year. 

Next claim 

Next year 

l * Now do loop for prior year’s IBNR’s and/or current year’s losses 

For each year 1 to Yl 

SELECT “universe” mean frequency and severity, drawing from expected and using 

the parameter variances (input). 

SELECT sample number of claims for year, drawing from “universe”. If expected 
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number < IS, use Poisson, else use normal distribution. 

For each claim 

(1) Determine year reported (from report year distr.). If claim already reported 

(report year < Yl), then branch to next claim. Thus, IBNR claims from prior 

years are included. 

(2) Establish mean indemnity from input value for that year and modify with 

report year severity factor. 

(3) SELECT calendar year paid, relative to report year, and further modify 

mean indemnity by calendar year severity factor. 

(4) Establish retention per claim applicable to calendar year, including index, 

if applicable. 

(5) SELECT mode of closure (CWI or CWE). If CWE, SELECT ALAE amount 

only and then skip to next claim. 

(6) SELECT gross (unlimited) indemnity from size of loss distribution, the 

mean of which was adjusted by report year and calendar year severity factors 

from (2) and (3). 

(7) Limit indemnity to per-claim retention for that year, as necessary. 

(8) If claim burns through remaining annual aggregate SIR, then limit claim 

accordingly. 

(9) Based on indemnity amount, adjust expected ALAE, and SELECT sample 

gross ALAE from distribution. 

(10) Add retained indemnity and pro-rata retained ALAE to retained 

accumulator for the calendar year of payment from (3). 

(11) Add retained indemnity to the aggregate losses for that year. 

Next claim 

Next year 

l * Tally section for this trial 

Determine present value of all retained losses from accumulator by calendar year and deduct 

current assets to get required funding for this trial (if < 0 then make it 0). 

Determine which one of the 31 brackets of agsregate retained losses this trial falls in and 

bump the corresponding accumulators for counts (1) and total retained dollars. 

Reinitialize all accumulators, except aggregate loss brackets. 

Next trial 

Print out probability distribution 

NOTE: Each time the word “SELECT’ is used in the above process, the program randomly samples 

from the appropriate distribution described in Part I, using a random number generator. 
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RUN 
SELFRISB SJN, FE8 26 1989 13~23.56 

Report year distribution. 
RY Cur. Rsl. 

cwnts sev. 
-- -._____ ___-__- 

1 .38700 .73813 
2 .68700 .twll 
3 .88EQQ I.18197 
1 .3%00 1.37897 
5 .97900 1.67446 
6 .33100 2.16695 
7 1.00000 2.16245 

Cal. Year distrihtlm: 
CY cuia. Rel. 

counts SW. 
__ _.__-_ __.___- 

1 .25712 .26416 
2 .b1217 .70744 
3 .7ooe7 .94040 
1 .63191 1.37362 
5 .90366 1.61661 
6 .93176 2.25062 
7 .95879 2.74726 
8 .98076 2.95857 
3 1.00030 3.16969 

Appendix F 

INPUT RATE OF RETURN (X.Xx) 11.07 
S1=.9999999999996 (maan of ry'cy severities] 
S2'1.632776340059 [second POmeni of ry'cy severi:ies) 
NET S2=.4902816419985 [log(S2)] 
ADJUSTED S=l.715722985358 [ ssrt[log(31) log(s2); ] 
:NPUT NO. TRILS ? 10000 
INPUT PERCENT CLAlWS CLOSED EXPENSE ONLY ?.4 
INPUT UNLIHITED SEVERITY TREND (X.Xx) 71.12 
INPUT ALAE TREND (xxx) ?I.08 
INPUT FREPJENCY TREND (X.Xx) ?I.04 
INPUT CLIENT NAM6 
?XYZ HOSPITAL 
INWT PRESENT YEAR OF CGVERACE 
71 
INPUT LIRIT PER CLAIN FOR THIS YEAR FORNARD 
?1000000 
INPUT AGGREGATE LIMIT FOR THIS YEAR FORWARD 
75000000 
INPUT AVERAGE INDEHN!TY NITH NO LIRIT FOR 7H:S YEAR 
?200000 
AVERAGE ALLOCATED CLAIMS EXPENSE FIRST YEAR 12000 
ALAE ADJ. FACTOR =.65711657248 
INPUT EXPECTED TOTAL CLAIM COUNT FOR THIS YEAR 
?20 
INPUT NET EXPECTED RETAINED LOSSES FOR THIS YEAR 
?1000000 
UNCERTAINTY fACTOF FOR POPKATION MEAN FRETJENCY AND SEVERITY (.XX,.XX)7.:5..:8 
STARTING 
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KY2 HOSPITAL 

ANNUAL BREAKEVEN CONTRIBUTION FOR SELF-INSURANCE TRW 

INTERVAL NIJMEER OF CWLATIVE 
END POINT TRIALS NUMBER TRIALS 
___-____-- _________ __---________ 

TOT&L AWN1 
CURIJLATIVE 

TOTAL AJ4CUNT 

0 0 0 
100000 20 20 
117210 9 29 
137382 23 52 
161026 31 83 
188739 39 122 
221222 71 193 
259294 98 291 
303920 128 419 
356225 202 621 
417532 237 858 
489390 326 1182 
573615 384 1566 
672336 512 2078 
788046 647 2725 
923611 170 3495 

1082637 Obl 4436 
1268961 965 5401 
1497352 1048 6449 
1743329 1OOb 7453 
2063360 957 8410 
2395027 691 9101 
2807216 479 9580 
3290345 246 9826 
3856621 133 9959 
4520354 40 9999 
$298317 1 10000 
6210170 0 10000 
3210954 0 10000 
8531679 0 10000 

10000000 0 10000 

1567150 
988019 

2979852 
4660393 
6842149 

14544679 
23550079 
36079809 
wJ47061 
91816354 

146497576 
204715603 
319352411 
413392769 
659660990 
943185973 

1131134839 
1441612233 
1614047558 
1806550b99 
1529267998 
1238595136 
137560999 
465756993 
162642492 

4539766 
0 
0 
0 
0 

0 
1567150 
2555229 
5535081 

10195474 
17031623 
31592303 
55132382 
91212191 

157759252 
2495?5605 
396073181 
600788784 
91914119s 

1392533984 
2052194975 
2995380948 
4126515187 
5568128020 
7182175578 
8988726077 

10517974074 
11756569210 
12494:30209 
12959887202 
:312252969b 
13127069460 
13127069460 
13127069460 
13127069460 
13127069460 

lntarpolated values for selected confidence Icvels. 
(geometric interpolation) 

2340077 9000 
2733743 9500 
3594291 9900 
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aLw 
SELFRISB .YjN. FEE 26 lB6B 15:26.11 

Appendix F 

Repwt yaw 4istrlbutim. 
RY a*. LI. 

count‘ SW. 
__ _______ _____-_ 

1 .39100 .11911 
2 .611100 .B6696 
3 .aaaoo l.lOlBl 
I .95100 1.31991 
5 .B1900 1.61116 
6 .99100 2.16695 
1 1.00000 2.662l5 

cd. h diltribtfOn. 
CY cu. bl. 

__ -_--_. .___.__ 
1 .25142 26616 
2 46241 .7O?Bl 
1 .10061 .91010 
1 .131Bl 1.37362 
5 .90366 1.61661 
6 .93176 2.25062 
7 .BSUB 2.76721 
I .960?6 2.05957 
B 1.00000 3.16989 

IWWT RAIE Of Rfnlffl (X.xX) 71.07 
sl*.999999999PB9a [wan of ry’cy rwwitits] 
52:1.63271634OOS9 [raconb YvUIt of ry’cy sw~riti*rI 
NET 52=.6BO2Sl#lBB95 [WS211 
ADJUSTEO S=1.715722965156 [ rart(lo~(21) - lOB(S2)I 1 
lwul no. TRlALS 7 loo00 
INPUT PEtENl WINS CLOSED EXPENSE 0111 ?.4 
INPUT UNLlNlYED SEVLRIU TREND (X.X3) ?!.lZ 
INPUT ALAE TREND Ixm.1 ?1.06 
INWI FREC3fNCY l&ND iX.kX) ?1.01 
INPUT CLIENI NAME 
?XYZ HOSPITAL 
INPUT PRISENT YUR Of CDVERAGE 
?2 
INPUT PRESENT FUND ASSfTS 
?2950003 
INPUT NUMBER CLAW, WlSTUiDlNt fOR EACH OF THf FIRST 1 YEAR5 Oi COVERACL 
YEAR : 
71 
INWl ULlIl4TE AWAGE (UNLlNllED) INOfWINI:Y RESERVE FOR OPfN CLI:I: FOR ElCH OF 
THE FIRST 1 YEARS Of COVfRlGf 
YEAR 1 
7110000 
INPUT LlMlY PER CLAIR FOR EACH OF YHE FIR3 1 YLARS OF COVERAGE 
YLIR 1 
71000000 
INPUT TARGET ICCLWYE EA(EH OF THE FIRST IYEARS OF COVERAGE 
YEAR I 
71960000 
INPUT LIMIT PER CLAIM FOR THIS YEAR FORYARD 
71000000 
lNW7 ACGRECATE LIMIT FOR THIS YEAR FORWARD 
75000000 
INPUT AVER&E INDfR4ITY NITH NO LIUIT FOR THIS YEAR 
7225000 
AVERAGt ALLoCATfD CLAIK EXPENSE FIN51 YEAR II000 
ALAE ADJ. FACTOR ~.632?169216174 
INPUT EXPECTED TOlAL CLAIR COUNT FOR THIS YEAR 
721 
INWY NET EXPECTEO RETAINED LOSSES FOR THIS YEAR 
?1200300 
UWCERTAINTY FACTORS FOR WPULATIC# NfAN FREQUENCY AND SEVER:IY (.xX. .XX):.lS.. :E 
STARTING 
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ANNUAL BREAKEVEN CCflTRIWTION FOR SELF-INSURANCE TRUST 

INTERVAL NUHBER OF CUMULATIVE 
END WINT TRIALS NUMBER TRIALS 
---_--____ _________ ________--__- 

0 5583 
120000 111 
140652 91 
164859 81 
193231 76 
226481 118 
265466 133 
311153 138 
364103 1Sl 
427110 158 
5310.38 189 
587268 235 
688338 251 
806803 281 
915656 233 

1108405 289 
1299161 321 
7522753 2?b 
1780823 281 
2091995 233 
2b52032 185 
2874032 109 
3368660 70 
3948blb 30 
4627945 16 
5124425 0 
6357980 0 
7452203 0 
6731145 0 

10238015 0 
12000000 0 

5583 
5997 
6088 
6169 
6215 
6363 
6496 
6634 
6785 
6943 
7132 
7361 
1618 
7899 
6192 
6481 
8602 
9076 
9357 
9590 
9775 
9884 
9954 
9984 

10000 
10000 
10000 
10000 
10000 
10000 

TOTAL AJWNT 
___-____-___ 

0 
24646222 
11630798 
12307073 
13571310 
24706476 
32901574 
39861648 
50702085 
62731682 
88302392 

127689223 
159138691 
209627405 
257166219 
296198263 
386577962 
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In developing an estimated price for casualty excess of 

loss reinsurance contracts, it is not uncommon to adjust 

the expected loss component of the rate to reflect the 

estimated value of investment income on funds held to pay 

outstanding loss reserves. The discount rate is generally 

a function of 1) a projected payment pattern for losses 

and loss adjustment expenses (L&LE), and 2) a specified 

interest rate. While, for many excess reinsurance 

contracts, it may be difficult to accurately project L&LE 

payments over time, the mechanics of the technique are 

fairly straightforward. An example of its application to 

a workers compensation excess program is provided in 

Appendix A. 

The technique has been criticized for several reasons. 

The purpose of this draft is to investigate two of the 

most common objections: 

1) a reinsurer's objective should be to price 

business to an underwriting profit, and 

2) the Tax Reform Act of 1986 (TRA) has offset to a 

large extent the investment income imputed to the 

reinsurer in the above adjustment. 
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In view of its intuitive reasonableness, the principal 

focus was on the second objection. A model was developed 

to quantify the magnitude (if any) of the offset necessary 

due to the provisions of the TRA, and to adjust the 

discount rate accordingly. Our preliminary conclusions, 

as well as the assumptions and methodology, are discussed 

in the paragraphs that follow. 

Our principal conclusion is as follows: 

- Counter to intuitive expectations, a significant 

upward adjustment in the discount rate is not 

necessitated by the provisions of the TRA. 

We would appreciate comments and suggestions with respect 

to the analysis presented in the subsequent paragraphs. 

BACKGROUND 

The principal components of a reinsurer's economic return 

are income from 1) underwriting and 2) investments, and 

both of these need not be simultaneously positive in order 

for the reinsurer to earn an adequate return. The 

principal criticism of the traditional actuarial pricing 

method is that it fails to explicitly recognize the 
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investment component of this equation. For example, the 

traditional profit margin of 5% of premiums has 

historically been applied across all lines of business, 

ignoring the relatively greater magnitude of investment 

earnings generated by the l'long-tail'* lines of business 

(although in many states and for some lines of business, 

explicit recognition of investment income is now required 

in the ratemaking methodology). 

In considering the merits of explictly considering 

investment income in reinsurance pricing, two 

qualifications must first be noted: 

1) Implicit recognition has been given to investment 

income in the actual market price of insurance (and 

reinsurance), and there are some arguments for 

continuing to give investment income only indirect 

attention in the ratemaking process. These arguments 

are presented in Appendix B. 

2) It is also recognized that excess reinsurance is 

more volatile (and risky) than primary insurance: if 

a 5% underwriting margin provides an adequate return 

for a stable, non-volatile line of business, then 

clearly a higher margin should be required for a more 
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volatile line of business. 

These qualifications notwithstanding, we believe that it 

is appropriate and beneficial for both the ceding company 

and the reinsurer if the reinsurer explicitly recognizes 

investment income in its pricing. It better enables both 

parties to isolate the various components of the quoted 

price and determine whether the rate is reasonable, 

inadequate, or excessive. 

To provide a simple illustration, assume that the expected 

ceded losses and allocated loss adjustment expenses 

(hereinafter abbreviated as L&LE) for a given reinsurance 

contract are $1,000 and the reinsurer's loading for 

expenses, profit, and contingencies is 100/75th. The 

various components of the final price, related to premium, 

are as follows: 

Comoonent Pet. 
L&LE 75% 

Op. Expenses 133 10% 
Brokerage 67 5% 

Profit & Cont. 133 10% 
Total $1,333 100% 

However, if L&LE are paid out evenly over a ten year 

timeframe, and the reinsurer earns investment income on 

the funds held in the interim at an annual rate of 6%, 



then $432 of investment income will be generated over the 

ten year period. The present value of this investment 

income (discounted at 6%) is $242, or 18% of the premium. 

It can be argued that 6% is not the appropriate interest 

rate to use for discounting and that a risk-adjusted rate 

should be used: however, this issue will be addressed 

later. For purposes of this illustration, it is assumed 

that 6% is the appropriate rate. Thus, the total return, 

as a function of premium, is 28% (10% profit and 

contingency margin plus 18%). 

This is not necessarily to imply that 28% is an excessive 

return; rather it is to demonstrate that the reinsurer's 

return, as it relates to premium, is far in excess of the 

10% underwriting profit margin contemplated in the rate. 

Discounting the expected L&LE effectively provides a 

credit to the ceding company for the anticipated 

investment income on funds held to pay IALE, thus limiting 

the reinsurer's expected profit to the margin contemplated 

in its loading. In this example, if the expected L&LE are 

discounted to $758 to reflect the anticipated investment 

income, then the reinsurer's return would be limited to 

the 10% margin cited in the table above. 
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METHODOLOGY 

The basic methodology was to construct a simplified income 

and cash flow statement for a single accident year cohort, 

assuming that expected L&LE of $1,000 are paid out over a 

period of sixteen years, according to the payment pattern 

presented in Appendix A. Investment income is earned at a 

specified rate on the funds held to pay the L&LE and is 

accumulated in a cash balance. 

Each scenario modeled consists of two illustrations. For 

example, in the first illustration in Exhibit A (top of 

Exhibit), the reinsurer collects 100% of the $1,000 and 

accumulates a positive cash balance over the sixteen year 

timeframe (the line entitled "Cumulative"). In the second 

illustration in Exhibit A (bottom of Exhibit) the $1,000 

is discounted to $718 (71.8% of the undiscounted pure 

premium). This reduction reflects the expected investment 

income that will be earned until all L&LE are paid. The 

reinsurer's final cash balance for the sixteen year period 

is $0.00. 

This does not mean that the expected profit is being 

driven to zero. Rather, it demonstrates the point that we 
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made earlier, i.e., that the effect of discounting L&LE is 

to strip out any profit margin from the loss component of 

the reinsurance price. Note that there is no provision in 

this example for the reinsurer's expenses, profit, and 

contingencies. It is assumed that whatever loading is 

added to the $1,000 pure premium would be sufficient to 

provide for these items. 

The base case scenario in Exhibit A excludes any 

consideration of taxes. A fundamental goal of this 

exercise was to develop a method for deriving an 

appropriate discount factor that reflects tax 

considerations. Consequently, in subsequent scenarios we 

tested the impact of taxes under the terms of: 1) the old 

tax law (pre-1987) and 2) the new tax law (post-1987). 

These results are presented in Exibits B through G and are 

discussed below. 

RESULTS UNDER THE OLD TAX LAW 
(Exhibits B and C) 

As indicated earlier, one objection to the method used to 

derive a discount rate is that it is overly simplistic, 

because it fails to consider the ramifications of the TRA. 

However, since the method ignores taxes entirely, a 

logical hypothesis is that it was theoretically simplistic 
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even before the tax law was changed. Hence, we decided 

that it would be beneficial to first determine the 

appropriate discount factor under the old tax law, before 

deriving an appropriate discount factor reflecting the new 

tax law. 

Exhibit B 

We initially assumed that the interest income earned 

at a 6% interest rate was attributed to tax-exempt 

bonds. Hence in the first illustration (before 

discounting), there is no taxable underwriting or 

investment income and no taxes. As a result, the 

cumulative cash balance is identical to Exhibit A (no 

taxes). 

In the second illustration (after discounting), the 

pure premium has been discounted to $502, creating an 

underwriting loss of $498 ($502 - $1,000) in Year 1. 

From a tax standpoint, this creates a tax credit of 

$229 (46% of $498) that could theoretically be 

applied to offset taxable income from other 

operations. The value of this credit is treated as a 

cash contribution in this Exhibit. 

Because of this tax credit, the final discount factor 
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of 50.2% is lower then in Exhibit A, and the premium 

required to fund the expected L&LE payments is $502 

(versus $718). 

Exhibit C 

A critical assumption underlying the projections in 

Exhibit B is that the reinsurer has other operations 

with taxable income which can utilize the tax credit 

arising from the underwriting loss created by the 

discounting of the pure premium in this particular 

transaction. A possible problem with this assumption 

is that if the reinsurer priced every contract on 

this basis, it may not have sufficient income to use 

up the tax credits generated by the underwriting 

losses. 

In Exhibit C, no credit has been allowed for the 

underwriting loss created by discounting. 

However, at the same time, it has been assumed that 

the reinsurer is able to shift its investment 

portfolio mix in Year 1 to taxable bonds, in order to 

offset at least some of the tax credit that is 

otherwise lost. As a result, while the discount 

factor and discounted premium are greater than they 
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were in Exhibit B (69% and $699, versus 50.2% and 

$502), it is stll less than the discounted rate 

derived under the no-tax scenario. 

Conclusion - Our hypothesis was confirmed (i.e., the 

method that we originally used to discount losses is a 

simplification because it ignores taxes): however, it 

appears that our original calculation was a conservative 

simplification (from the reinsurer's viewpoint), at least 

in light of the old tax law. 

Hence, the obvious question is whether this conclusion is 

also applicable under the provisions of the TRA. 

RESULTS UNDER THE NEW TAX LAW (TRA) 
(Exhibits D and E) 

The principal provisions of the TRA that we have attempted 

to reflect in our revised model are as follows: 

1) Tax Rate - the marginal tax rate was changed from 

46% to 34%, 

2) L&LE Reserves - Reserves on unpaid L&LE are 

discounted for purposes of calculating taxable income 

according to methods prescribed by the Treasury 
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Department. A firm has the option of using factors 

based on its own experience or industry experience, 

subject to certain restrictions. For purposes of 

these examples, we used Schedule P Composite 

industry experience for 1985 (use of Schedule P 

Composite for business reported as Reinsurance in the 

Annual Statement is mandated by the Treasury). 

Alternatively, industry experience for the statutory 

Workers Compensation line would be used, if the firm 

reports its premiums in this line. 

3) Proration - Under the TRA, 15% of otherwise tax- 

exempt interest income is taxable. The effective tax 

rate is 5.1% (15% x 34%). 

For simplification purposes revenue offset has been 

ignored. Possible implications of the Alternative Minimum 

Tax (AMT) will be addressed separately. 

Exhibit D 

The assumptions underlying Exhibit D correspond to 

Exhibit B, i.e., all invested funds are in tax-exempt 

bonds and any tax credit is treated as a cash 

contribution. Two items to note with respect to the 

tax calculation are: 



1) the discounting of L&LE reserves creates a 

timing difference. It does not create additional 

taxable income, but it does defer part of the 

deduction for L&LE, 

2) the proration of tax-exempt income is a 

permanent difference; it creates additional 

taxable income. The total regular tax of $35 in 

the first illustration can be attributed solely 

to the proration provision. 

The effect of adjusting the pure premium of $1,000 to 

reflect investment income in the second illustration 

is the same as it was in Exhibit B, although the 

magnitude is not as great. The adjustment creates a 

tax benefit due to the increase in the underwriting 

loss. This benefit is mitigated due to the 

discounting of L&LE reserves for tax purposes: 

however, the final discount (adjustment) factor 

derived (62.83%) is still lower than the discount 

(adjustment) factor that we derived in the no-tax 

scenario (71.81% - Exhibit A). 
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Exhibit E 

The assumptions in Exhibit E correspond to Exhibit C, 

i.e., no tax credit is allowed for the underwriting 

loss and investable funds are invested in taxable 

bonds. The result is similar: the discount 

(adjustment) factor derived in the second 

illustration (70.37%) is not as low the the factor 

derived in Exhibit D but is still comparable to the 

discount factor derived excluding taxes (71.81%). 

Conclusion - The provisions of the TRA do not appear to 

necessitate an upward adjustment in our original 

adjustment factor (excluding taxes). In fact, in light of 

the examples cited above, it can argued that the original 

factor that we derived is conservative. 

ALTERNATIVE MINIMUM TAX (AMT) 
(Exhibits F and G) 

An additional complexity arising out the new tax law is 

the provision for the Alternative Minimum Tax. Basically, 

this provision was created because of the fact that many 

major corporations with substantial reported income were 

effectively paying no taxes, Congress decided that this 

was inappropriate from a public policy standpoint. Under 

the new law, every corporation must pay at least the 
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Alternative Minimum Tax, which is based on AMT income as 

prescribed by the Treasury Department. 

The AMT provisions have effectively created a separate 

and parallel set of rules for calculating taxes which are 

somewhat complex. One complication is that separate sets 

of rules apply for 1987-90 and 1990 and beyond. 

For simplification purposes, we ignored the AMT in 

Exhibits D and E. In Exhibits F and G, we estimated the 

AMT (using the rules that apply for 1990 and beyond) on a 

simplified basis and substituted the AMT for the regular 

tax in all years. While the adjustment factors derived in 

these exhibits were somewhat higher than those derived in 

Exhibits D and E (regular tax), the results do not 

necessitate any change in our previously-stated 

conclusion. 

A table listing all of the premium adjustment factors 

derived in Exhibits A through G is presented as follows: 
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Base Case (No Taxes) 71.81% 

Tax Credit treated as 
Cash Contribution 

No tax credit allowed, 
Change in Inv. Mix 

Old Tax New Tax 
Law Law AMT 

50.19% 62.83% 69.66% 

69.94% 70.37% 72.17% 

ADDITIONAL ISSUES 

Two issues not addressed in the paragraphs above that 

merit further investigation are as follows. 

Timins and Interest Rate Risks 

For purposes of the analysis above it was assumed 

that L&LE would be paid out at a specified pattern 

and that interest income would be earned at a 

specified rate. In actuality, it is highly unlikely 

that the L&LE will pay out at the assumed pattern or 

that the reinsurer's investment portfolio will earn 

interest income at the rate specified. The variances 

from the expected case can work in the reinsurer's 

favor or to its detriment. In other words, there are 

timing investment risks that need to be considered. 

While it is possible to apply quantitative techniques 
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in measuring these risks, their magnitude is to a 

large extent a subjective consideration, and 

qualitative judgment may be no less reliable than 

quantitative techniques. In the original discount 

factor derivation (Appendix A), we attempted to 

subjectively account for the timing and investment 

uncertainty by making what we believed were 

conservative assumptions at every step in the 

calculation. 

To provide another illustration of an adjustment for 

these risks, it is useful to recall the simple 

example discussed earlier. Expected ceded incurred 

L&LE for a given reinsurance contract are $1,000 and 

the reinsurer's loading for expenses, profit, and 

contingencies is 100/75th. The various components of 

the final price, related to premium, are as follows: 

Component Pet. 
L&LE Sl$O 75% 

OP. Expenses 133 10% 
Brokerage 67 5% 
Profit & Cont. 133 10% 

Total $1,333 100% 

It is anticipated that L&LE will be paid out evenly 

over a ten year timeframe, and the reinsurer will 

earn investment income on the funds held in the 
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interim at an annual rate of 6%. The present value 

of the $432 of investment income earned over the ten 

year period (discounted at 6%) is $242, or 18% of the 

premium. 

However, to reflect the uncertainty with respect to 

both the timing of the actual payments and the actual 

rate at which the reinsurer's investments will earn 

interest, the reinsurer may apply a higher (risk- 

adjusted) discount rate to the $432 of investment 

income cited above. Assuming that this rate is 10% 

(instead of 6%), then the present value of the $432 

of investment income is only $167, or 13.4% of 

premium. 

Estimatins the Reinsurer's ROI 

An issue related to the one above is best described 

by two fundamental questions - 1) what exactly is the 

reinsurer's expected return on its investment in the 

various examples above, and 2) which expected returns 

satisfy his target criteria. 

In order to address the first question, it would be 

Useful to enhance the model used for this analysis to 

incorporate 1) assumptions with respect to surplus 

157 



Page 18 

requ 

rate 

irements and 2) net present value and/or internal 

of return estimates at various risk-adjusted 

discount rates. We have constructed at least one 

other model that incorporates these features and 

believe that the analysis presented in this memo can 

be readily extended to quantify the reinsurer's 

expected return on investment. 
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CONCLUSION 

We believe that the examples presented in Exhibits A 

through G illustrate that it is not inappropriate to 

discount expected incurred L&LE to reflect investment 

income, regardless of the provisions of the tax law. 

However, it is intuitively apparent that the provisions of 

the TRA will affect reinsurers more adversely than primary 

insurers, due to the heavier discounting of reinsurers' 

L&LE reserves. Possibly, this warrants higher loadings in 

the rates for some reinsurance contracts. Extending the 

model used in this analysis to include an internal rate of 

return measure will enable us to quantify to some extent 

what the magnitude of this loading should be. 

As indicated earlier, any comments, and/or suggestions 

would be greatly appreciated. 
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**********************..*.****..*.*..**************.**.*****.************************************************************************************************ 



LINE: UC RAlE AOJUSTMEWI TO REFLECl INV. lYCOnt 

6 7 8 9 10 11 12 13 1 2 3 4 5 
_____...__.....--....______-.___..____. 

14 
. . 

40 

-40 
. .._. 

0 
_.... 

-40 

0 

42 

0 

15 16 lotat 

OLO TAN LAY 

Premix 

incurred LPLE 100% 

Paid LYLE 

Chp. in lltscrvt 

1000 

loo0 

68 

P32 
.____. 

0 
__.._. 

932 

1000 

108 

-108 
. ..__. 

0 
._..__ 

-108 

1% 92 49 

-1m -92 -49 
___-__ _._.._ _-.-.. 

0 0 0 
_._.__ __..__ ..____ 

-196 -92 -49 

0 0 0 

50 45 43 

0 0 0 
-...__ ______ . ..___ 

-146 -47 -6 

792 745 739 

57 

-57 

0 

40 

-40 
._____ 

0 

.57 -40 

SO 

-50 
.___.. 

0 
. . . . . . 

-50 

50 40 
-50 -40 

0 0 

-50 -40 

0 

43 

0 

0 

42 

0 
._..._ 

2 

0 

42 

0 
_._.__ 

-a 

0 0 
42 42 

0 0 

-14 

725 727 719 721 723 725 717 719 721 713 715 

1000 

0 
. .._._ 

0 

0 

IJrd. ProfIt 

Cash Frcm und. 

I"". Incclne: 

lsxtble a 9.0x 

Ian-•xeqat 0 6.0X 

Taxes a 46% 

0 

5a 

0 

0 

56 

0 

0 

715 
0 

Iota1 Cash 990 -52 

z 
CIIiulative 990 

Dlrccdmt factor: 71.81% 

lu Adjustment 97.400x 

net factor 69.943% 

Adjusted Praiw 699 

Paid WE 6a ma 
.._. 

0 

106 

. . 
Lb-d. Profit -301 

Cash from Und. 631 

Ill". Inccme: 

Taxable a 9.0% 60 

Tax-cxcrrpt a 6.0X 0 

raxes a 46% 0 
_ ___.- ._-. _- 

Total Cash 691 -70 

CUWIi3t\"C 691 621 

0 

3a 

0 

1% 92 49 57 40 
.___. _-_-__ ._.___ __.__. ._____ 

0 0 0 0 0 

50 40 

0 0 

40 40 50 40 40 50 CO 1000 
___... ._..__ ..____ ___... .._._. . . . . --.... --...- 

0 0 0 0 0 0 0 -301 

-196 -92 -49 -57 -40 -SO -40 .40 -40 -50 -40 -40 -50 -40 -301 

0 0 0 0 0 

31 25 22 20 ia 

0 0 0 0 0 

-165 -67 -27 -37 -22 

0 

17 

0 
._-._. 

-33 

0 

15 

0 
. . . ..- 

.25 

0 0 0 0 0 0 0 60 

14 12 10 a 6 4 1 241 

0 0 0 0 0 0 0 0 
. . . . . ___.__ . . . . . . _..... . . .-.... . . . . . . . . . . 

-26 -28 -40 -32 -34 -Lb -39 0 

456 389 362 325 303 270 245 219 191 151 119 as 39 0 
. . ..__..__.__..~_~~..~~..~~~..~ ====__~_:__iil_=I:i_=====-=================:=====,========:-=============================================~====================----------..-----.------------- 



EXHIEII c 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Total 
. . . .._....--.------.-...-...._...---.---...-.-.__.-....____..____.......__..__..__..__..__.__...__..__..__.___..__.___.__..___...______ 

lSSWPT IONS 

(Old Tar ‘au) 

Pwnlf Psttern 0.068 O.la8 0.196 0.092 0.049 0.057 0.04 0.05 0.04 0.04 0.04 0.05 0.04 0.04 0.05 0.04 1 
Period 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 6.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 

Ifeights 0.066 0.099 0.1694 0.0?5 0.0377 0.0414 0.0274 0.0323 0.0244 0.023 0.0217 0.0256 0.0193 0.0182 0.0215 0.0,62 

Discotmt Factor 71.81% 

Credit for Tax 0 

Emefif (1.0) 

Investment itix 

Taxable O.DOO% O.OOD% O.DDD% O.WO% D.oW% 0.000% 0.000% 0.000% 0.000% 0.000X 0.000% 0.000% 0.000% 0.000% 0.000x 0.0~)~ 

lai-ex~t 1oo.M)ox1oo.ooox1M).~l~.~l~.~l~.~lw.~~l~.~l~.~~l~.o~%loo.~o%l~.ooo%loo.o~loo.o~loo.~%l~.~x 

Adjusted 

lnvestmmt Mix 

laxable loo.DOD% O.OoO% o.Om% O.oDo% o.wo!4 O.ooo% o.om% o.oOa o.Oaox O.oOD% 0.000% 0.000% O.OaO% 0.000% o.DOOx 0.000% 

is 
T~X-Cmlpt o.oao%1w.oM11oo.Dooxl~.~l~.~%l~.WOX100.000X1M).OOOX1~.~l~.~o%loo.o~%loo.~o%loo.~loo.~o%lw.~o~loo.~% 

..i....................................................................................................~~~~~~~~~~~~~~........*............................... ______--____-_ 

08 kc.88 



LINE: UC RIIE ADJUSWENI 10 REFLECT INV. LYEME 

1 2 3 4 5 A 7 3 9 10 11 12 13 14 15 
. . . ..--.......___..-..~-...~.._.~.~-..-.~..~.........._...________________..._._______....______..______.._______.._._.. 

NW TAX LRY 

Preniln 

l,vXrred LCLE 100% 

Paid LYLE 

chg. In Reserve 

1004 

loop 

63 

932 
._____ 

0 
____-. 

932 

lD&. 196 92 

-1W -1% -92 
---see __.___ --_-_. 

49 

-49 
_-.__. 

0 
-._-_. 

-49 

0 

39 

1 
.-_.__ 

-11 

671 

57 

-57 
_-__-. 

0 
. . . . . . 

-57 

0 

39 

2 
-._._. 

-20 

651 
._.___ 

57 
. ..__- 

0 

-57 

0 

19 

1 
._.._. 

-39 

301 

40 50 

-40 -50 
---.__ _.___. 

0 0 
__.__. .__-_. 

-40 -50 

0 0 

33 37 

0 -3 
---._. _._._. 

-2 -10 

649 A39 
-__.__ __ __-___ 

40 

-40 
_-.-. 

0 
.._-. 

-40 

40 

-40 
.___. 

0 
.___. 

-40 

40 50 

-40 -50 
.___. ._ _.__ 

0 0 
. ..__ _.__.. 

-40 -50 

40 40 

-40 -40 
______ _____, 

0 0 
. . . . . . ..___, 

-40 -40 

50 

-SO 
.___. 

0 
__._. 

-50 

IA rotat 

0 0 0 
--.-v- -.--.- _..___ 

-100 -196 -92 

0 

37 

-2 
._._. 

-1 

63E 
.-___ 

640 
._--- 

0 0 0 0 
37 37 37 37 
-4 -4 -2 -1 

. . . . . ._.--. ..--.. .--- _. 

1 -9 -1 -2 

A41 632 631 629 

40 
._.._. 

0 

50 
.__--- 

0 

40 
..-_. 

0 

40 
.___- 

0 

40 
.___. 

0 

-40 -50 

-, 

. 

-._. 

_. 

_. 

-40 

- 

_. 

. 

.__. 

. 

. . 

-40 -40 

0 

17 

-1 
._.._. 

-22 

0 

15 

-4 
. ..--- 

-31 

0 

14 

-3 
____ 

-23 

0 0 

12 11 

-6 -5 
_..- ___. 

-22 -24 

279 246 225 203 179 

0 

36 

-1 
_.... 

-13 

616 
_-__. 

50 
.___. 

0 

-SO 

0 

4 

-2 
._..- 

-44 

40 

CO 1000 

-40 0 
-____. ..__._ 

0 0 
.-_-.. ___.__ 

-40 0 

- 

_ 

. 

.___ 

thkl. Profit 

0 

53 

54 
----._ 

936 

0 0 0 

53 47 41 

5 -6 0 
------ .--_-- _-____ 

-60 -143 -51 

0 0 

36 646 

1 35 
--____ _..... 

-5 611 

611 

lotal Cash 

Crulative 936 876 733 632 5 
L.l _..-.____._--____-__~-----.-~- 

Discant Factor: 71.81X 

Tu Adjustat a7.5ox 

Net Fsctor 62.a3x 

AdjuotedPreaiu 621 

Paid LLLE 63 

_. 

628 

40 1000 
.__.__ -.__.. 

0 -372 

92 49 
__.__- --__.. 

0 0 

-92 -49 

50 40 40 
_-.-. . ..-__ __.-_. 

0 0 0 

-50 -40 -40 

0 0 0 

9 7 6 

-6 -4 -3 
__.__ __.._. . ..-.. 

-35 -29 -31 

144 11s 84 

108 196 
._-.__ ---_._ 

0 0 wad. Profit -372 

Cash fro1 Llmf. 560 

Inv. IncoL: 

Taxable a 9.0x 0 

Tar-•rapt a 6.0% 36 

Taxes a 0% -74 

-40 -372 -108 -196 

0 0 

1 262 

0 -111 
-.__.. . . . . _. 

-39 1 Total Cash 670 

0 0 0 0 

37 3D 23 21 

4 -7 -1 0 
__.___ --._.- ___-._ -._-_- 

-75 -159 -A3 -28 

CwmJlart"c 6?0 595 436 



1 2 3 ‘ 5 6 7 8 9 10 11 12 13 14 I5 16 rota1 
._...-...-_...--..-._.--..--....--..--.......-......-..--....._........_,...._.._..___.__......._......~................................ 

UC?" Iax LEIY 
._........~.__. 

rm Payout Patter" 

Scheblr P 0.34314 0.26722 0.12541 0.08113 0.04904 0.03699 0.01953 0.01320 0.009Bo 0.00400 0.00400 0.00400 0.013400 O.OCJ.00 O.OCd.00 0.03043 1 
uorkera Cap. 0.2592 0.2661 0.1333 0.0774 O.Obb? 0.035 0.01.56 0.0173 0.015 0.0062 0.0062 0.0062 0.0062 0.0062 0.0062 0.0758 0.9998 

S8lKtcd 0.34314 0.26722 0.12541 O.MllS O.D49D4 0.03699 0.01953 0.01320 O.OWBO 0.00400 O.OD4DD 0.00400 O.OD400 0.00400 0.00400 0.03043 1 

Period 0.5 1.5 2.s 3.5 1.5 5.5 6.5 7.5 8.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 

Tax Oirc. factors 

,a. F.CtOl-s 7.5X 0.9645 0.8972 O.d.346 0.7764 0.7222 0.6718 0.6249 0.58t3 0.5408 0.5031 0.4680 0.4353 0.4049 0.3767 0.3504 0.3260 

oiscaue Factors 0.83953 0.81037 0.79251 0.17002 0.75127 0.72024 0.70&W 0.70457 0.70712 0.73819 0.77257 0.81103 0.65466 0.90502 0.96448 1 

LOSS ScPervcs: 
Undiscm.nfed 932 821 628 536 467 430 39D 340 300 260 220 170 130 90 40 0 

a*. 932 -1D8 -196 -92 -49 -57 -40 -50 -40 -40 -40 -50 -40 -40 -50 -40 0 



LINE: UC 

5 6 7 a 9 10 11 12 13 14 
.-------..-.-.....----.-.---...-~._._...-..~_--.--._____.___..--._.______.____ 

15 16 lotal 1 2 3 
. . . ..-_--.__.__..____.__ 

Before Adjusrment 

lmd. Lnccfne 0 0 0 

Proration: 9 8 7 

Disc. LR. iqmct 150 6 -26 

tnv. lncas 0 0 0 
---.--- _---_-- _...___ 

Taxable Income 159 lb -19 

Reguhr lax a 34x 54 5 -6 

4 
. ..-. 

0 

6 

-7 

0 
--_-. 

-1 

0 

-. 

0 

6 

-2 

0 
-_-_. 

4 

1 

0 

6 

-1 

0 
.__._. 

5 

2 

_. 

0 0 0 0 

6 6 6 6 

-6 -14 -12 -20 

0 a 0 D 
---_. -._-___ ___.__. _______ 

0 -8 -6 -14 

0 -3 -2 -5 

_. 

0 0 0 0 

6 6 6 6 

-II -16 -13 -10 

0 0 0 0 
.._. -_._._- .-.____ _._.__. 

-12 -12 -7 -4 

-4 -4 -2 -1 

._. 

42 35 34 38 45 43 51 49 49 14 41 
0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.73 0.75 0.75 0.75 

31 30 31 29 26 26 24 25 25 26 27 

6 6 6 6 5 5 5 5 5 5 5 

0 2 0 -3 -2 -5 

0 0 0 

5 5 100 

-8 -1 0 

0 0 0 
.__-- .__.--_ ______. 

-3 4 100 

-t 1 35 

39 32 546 

0.75 0.75 

26 28 511 

5 6 102 

-1 1 35 

AtI1 

Adjusted fwnings -101 39 66 

incluaim x 0.7s 0.75 0.75 

ml Incone a3 43 31 

AnI a 20x 17 9 6 

'- Selected Tax 1 54 5 -6 

After Mirrptmt 

Led. lncoae 

Proration: 

Disc. Lit Inpect 

Im. Incame 

-372 0 

5 6 

150 6 

D 0 
______ -_.-_.- 

-217 I2 

-74 L 

0 

5 

-26 

0 
-_-_. 

-21 
-7 

D 

3 

-7 

0 
.-_--_ 

-c 

-1 

0 0 

3 3 

-2 -1 

0 0 
--___._ ------. 

1 2 

0 1 

0 

3 

-6 

0 
__._ 

-3 

-1 

0 0 0 0 

2 2 2 2 

-14 -12 -20 -18 

0 0 0 0 
.-._-. ____._. __._._. __.___. 

-12 -10 -ia -16 

-4 -3 -6 -5 

0 

1 

-IS 

0 

-17 

-6 

0 0 0 

1 1 1 

-13 -10 -8 

0 0 0 
.._._- .__.__- ..__.-. 

-12 -9 -7 

-4 -3 -2 

0 -372 

0 40 

-1 0 

0 0 
_.___-. ._..._. 

-1 -332 

0 -111 

2 222 

0.75 

1 -165 

0 .34 

0 -111 

__ _. _-_ _. 

Ml 

Adjusted Earnings 

inclusion x 

Alfl lncae 

-119 25 51 27 20 17 20 27 24 30 27 26 19 15 11 

0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 

-306 31 17 16 16 15 12 0 8 5 4 3 2 2 1 

AMI a 20x -61 6 3 3 3 3 2 2 2 1 1 0 0 D 

-74 4 -7 -1 0 1 .l .4 -3 -6 -5 -6 -4 -3 -2 



1 2 3 4 5 6 7 0 9 10 11 12 13 14 15 16 Total 
_______..._--.-..-.-.---.__..__----...~...--...-..__._..__..._______..___...__.._......___.___.-.._____.___.__~___.._____.__________.___ 

Ctxdlf for 

Tax Benefit 1 

Imcstmt Mix 

Iarable o.ooox o.ooox o.mx o.ooox o.ooox o.owx o.ooox o.ooox o.ooox o.wox 0.000x o.ooox o.ooox 0.004x 0.000x o.ooox 

lax-•xclpt 100.ooox100.~100.ooox1w.Oarm)M).OOOX1 

Adjusted 

Invcsfmt ftir 

lsxable o.lxwx o.ooo1 o.owx o.owx o.lwx o.ooax o.ooox 0.000x 0.000x o.ooox 0.000x 0.000x o.wox o.ollox o.ooox o.aoox 

Tar-•rcapt ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
**i**Ei******E***i********‘***..*.*.**.****.*..*.*.****.**************.********==******************************=****==**************=****==****==***=******** 

H 



LINE: UC RAlE *DJUSWENT TO REFLECI IWV. IfKoIIE 

1 2 3 4 5 6 7 
____.__..-..----.-.-._....______________________._____.. 

YEY 14X LAU 

Premium 1000 

incurred LLLE 100x Iwo 

Paid L&E 68 108 196 92 49 57 40 
chg. In llnarvt 932 -106 -1% -92 -49 -57 -40 

__-*.* ___._. __.___ _--___ -_-___ __-__- ._.___ 

8 9 10 11 12 
. . . . 

50 

-50 
.--_-_ 

0 
__.__. 

-50 

40 

-40 
--_... 

0 
_..___ 

-40 

40 40 

-40 -CO 
______ _____. 

0 0 
__ .--. ..__.. 

-40 -40 

50 
-50 

.___. 

0 
--... 

-50 

0 

37 

-3 
__._ 

-10 

0 

37 

-2 
______ 

-1 

0 0 

37 37 

-5 -4 
__.._. ._ --.. 

2 1 

0 

37 

-4 
.__.. 

-9 

& ccaulativt 936 87b 733 682 671 651 649 640 641 632 
\o ____________________--.-.-.----.----.-.-------------.---------------.--.--------------*------~..--.-.-.--.~~.....---- 

11 15 16 
. . . . 

1000 

40 

-40 
50 

-50 

40 

-40 
_--___ 

0 
.___._ 

-40 

1000 

0 

0 0 0 
.___._ 

0 -40 -50 

0 

37 

-1 
__..._ 

-2 

0 

36 

-1 
--..__ 

-13 

0 

36 

1 
_-____ 

-5 

0 

b46 

35 
_.__.. 

611 

629 bib 611 

oiscoult fmxor: 

Tax Mjustmmt 

Yet Factor 

AdjuSted Praaikn 

Paid LLLE 

71 .aix 

98.00X 

70.37x 

704 

ba 
__.._- 

-2% 

704 

40 1000 
.._.. ._._.. 

0 -296 

-40 -296 

0 60 

1 243 

0 5 

-39 2 

2 

108 196 

0 0 

92 
.-_-. 

0 

636 -108 -1% -92 

60 

0 

0 
_____. 

696 

0 0 

39 32 

4 0 

-73 -164 

0 

25 

0 
..__. 

-67 

623 392 

57 40 
_____ ______ 

0 0 

50 40 
.__--_ -_ --.. 

0 0 

40 40 50 
.._.. .-.--- __.._. 

0 0 0 

-40 -40 -50 

0 0 0 

14 12 10 

0 0 0 
_..._ ..---. . . . . . . 

-26 -28 -40 

221 193 153 

40 
_.___. 

0 

-40 

0 

8 

0 
._.._. 

-32 

121 

-40 -50 

87 41 

und. Profit 

-57 -40 -50 -40 Cash frun Und. 

Inv. ,ncalw: 

1wmble a 9.0x 

Tax-cxenpt a 6.0x 

Tares a ox 

0 0 

17 15 

0 0 
. . . . . . . . ..- 

-33 -25 

0 0 

20 18 

1 0 
. . . . 

-38 -22 Total Cash 

327 305 272 247 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 rota1 

Ye" tar La" 
___....._...._. 

Tax Payout Patter" 

Sch&te P 0.34314 0.24722 0.12541 0.08113 0.04904 0.03699 0.01953 0.01320 0.00980 0.00400 0.00400 0.00400 0.00400 0.00400 0.00400 0.03043 1 
Uorkcrr Conp. 0.2192 0.21%1 0.1333 0.0774 0.0447 0.035 0.0188 0.0173 0.015 0.0062 0.0062 0.0062 0.0062 0.0062 O.OD62 0.0758 0.9998 
Selected 0.34314 0.26722 0.12541 O.C0113 0.049D4 0.03699 0.01953 0.01320 0.00980 0.00400 0.00400 0.00400 O.OCJ.00 0.00400 0.00400 0.03CJ.J 1 

Period 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 6.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 

TM Disc. Facmrs 
lnt. Factors 7.5X 0.9645 0.8972 0.8344 0.7?& 0.7222 0.6718 0.6249 0.5813 0.5408 0.5031 O.L680 0.4353 0.4049 0.3767 0.3504 0.3260 
Dilcamt Facfor~ O.&W53 0.81037 0.79251 0.77002 0.75127 0.72024 0.70809 0.70457 0.70712 0.73819 0.77257 0.81103 0.85466 0.90502 0.96448 1 



LINE: UC RATE AOJUSI~ENI ,D REFLECl INV. ,NCWE 

1 2 3 4 5 6 7 0 9 10 11 12 13 14 IS 
.._..._...____._____..__._.._______._____..____, . . . ..-..__.._.________. .._. . . . 

Before Adjustment 

urd. incane 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Proration: 9 8 7 6 6 6 6 6 6 6 6 6 6 6 5 5 100 
Disc. LR iapsct 150 6 -26 -7 -2 -I -6 -14 -12 -20 -18 -18 -13 -10 -6 -1 0 
IW. lncum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

.__.--- ___._-_ __-.___ _--__._ ._-.__. __..._ ..__._. .______ ____... __._. ..__.__ --.. . . . . . .._. . . .._ __ _____ ..___ 

lsxabte lncarr 159 14 -19 -1 4 5 0 -6 -6 -14 -12 -12 -7 -4 -3 4 100 
Rewlar Tax D 34x 54 5 -6 0 1 2 0 -3 -2 -5 -4 -4 -2 -1 -1 1 35 

Ml 

Adjusted Esrniwp -101 39 64 42 35 34 38 45 43 51 49 49 44 43 39 32 546 
InctrnionX 0.75 0.75 0.75 a.73 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.73 
Ml Lncane 83 43 31 31 30 31 29 26 26 24 25 25 26 27 26 28 51i 

WI a 20% 17 9 6 6 6 6 6 5 5 5 5 5 5 5 5 6 102 

Selected Tax 1 54 5 -6 0 1 2 0 -3 -2 .5 -4 -4 -2 -1 -1 1 35 
.-4 - . . . . . . . . . . . ..r...r............*..........*.*....................=.. . . . ..iii..i.....E...........~~~~ ___ii3i:i:E==:...il=~~~~~~~~~~~~~~~~~~~~~~..~~~.~....~~~.~~.. 

After Adjustment 

wxl. traml? -296 

Proration: 0 

Disc. LR Inpact 150 

IN. ,r!caa? 60 

lwsble lncc.w? -86 

Regular lax 0 34x -29 

AM 

Adjusted Earnings -150 

lncluslal x 0.75 

Ml ince -199 

MI a 20x -40 

Selected I.9.x 1 -29 

0 

6 

6 

0 
_.._. 

12 

4 

27 

0.75 

32 

6 

0 

5 

-26 

0 
____. 

-21 

-7 

_. 

0 

4 

-7 

0 
.___. 

-3 

-1 

28 

0.75 

18 

4 

. . _. 

0 

3 

-1 

0 
. .._. 

2 

1 

18 

0.75 

16 

. 

0 

3 

-6 

0 
. .._. 

-3 

-1 

. . 

0 

2 

-20 

0 
. . . . . 

-18 

-6 

32 

0.75 

6 

0 0 0 

2 2 1 

-18 -18 -13 

0 0 0 
. . . . . _..._.. . . ..__. 

-16 -16 -12 

-5 -5 -4 

28 26 20 

0.75 0.75 0.75 

5 4 3 

I 1 I 

.5 -5 -4 

a 

1 

-10 

0 
_..... 

-9 

-3 

15 

0.75 

2 

a 

.3 

0 0 -296 

1 0 38 

-8 -1 0 

0 0 60 
___._ .___... ..__. 

-7 -1 -198 

-2 0 -65 

11 2 205 

0.7S 0.75 

I 1 -43 

0 0 -9 

-2 0 -65 



LIYE: UC RATE AOJUS,“EU, 10 RE‘LECT IN”. IHCC,,t EX”I&ll t 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 rota, 

credar for 

lax BeretIt 0 

Investment Mix 

1hx~lc 0.000% 0.000X O.wpX 0.000X 0.000X 0.000X 0.000% O.OWX 0.000X 0.000% 0.000% 0.000X 0.000X 0.000X 0.000X 0.000x 

lax-cxapt ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Adirnted 

Investment Mix 

1wmblc lDD.DDDX O.MOX O.DDOX O.OODX 0.000% 0.000% O.DOOX 0.000X 0.000% 0.000% 0.000% 0.000% 0.000X 0.000% 0.000X 0.000X 

,a#.-•r.zaQt ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
EC............i______-~~................................=.....*..==........==....=.........~--~~~---~~-- _ _ _ _ _ _ _ _ _.____.._____EjS=I__=========================.===================== 



LINE: UC 

1 
. . . . . . . 

WEU IAX LA" 

Premium 1000 
Incurred LLLE 100% moo 

Paid LLLE M 

Chp. in Reserve 932 
_._-.. 

"rid. PI-o‘,* 0 
. ..___ 

Cash fran Und. 932 
Inv. InwAne: 

i.xebtt a 9.0% 0 

lax-eiqlt a 6.0% 58 

Taxes 17 
__-._. 

Total Cash 973 

Cwlative 973 
I, 

2 3 

10.5 

-1Da 

196 

-196 

0 

-108 

0 

0 

55 

9 

0 

49 

6 

-62 -153 

..- 

92 49 

-92 -49 
__--_ _____. 

0 0 
__.-_ _..__. 

-92 -49 

0 0 

43 41 

6 6 
__.._ _____. 

-55 -14 

703 689 

RATE kDoJUSINEN1 TO REFLECT INV. IUCME 

57 40 50 40 40 40 50 

-57 -40 -50 -40 -40 -40 -50 
.-.--. .._--- .*.--- -__... . . . .._ _.._.. ._..._ 

0 0 0 0 0 0 0 
_.-... . . . . . . . .._.. ___.-. .____. . . . . . . _.__._ 

-57 -40 -50 -40 -40 -40 -50 

0 0 0 0 0 0 0 

40 39 38 37 37 36 36 

6 6 5 5 5 5 5 
.-.--. .__.__ --.... . . ..-- -._... . . . . . . . . . . . . 

-23 -7 -17 -0 -a -9 -19 

666 659 642 63$ 626 617 59a 

I .  

13 14 

LO 40 

-40 -40 
.--_. ._-_.. 

0 0 
..--. . . .._. 

-40 -40 

0 0 

35 34 

5 5 
. . . _ . . . . 

.lO -11 

588 577 

. . . 

. . 

. 

. 

50 

.50 

..- 

0 
. . 

-50 

0 

33 

5 
.._ 

-22 

555 

1000 

40 1000 

-40 0 
___._ ..___. 

0 0 
._... ..___. 

-40 0 

0 0 

32 643 

5 101 

-13 542 

542 

Discount Factor: 

lax Mjustmt 

Yet fsctor 

kdjusted Premiun 

Paid L&E 

Urd. Profit 

71.81X 

97.w 

64.66% 

697 697 

MI 108 196 92 49 57 40 50 40 40 40 50 40 40 50 40 1000 
__.._. ._.-__ _.-___ . .._.. . .._.. . ..--. . . ..__ _..... ..__.. . . . .._ . ..___ ._.... ._.__. _.._.. ..__._ . . .._. . . .._. 

-303 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -303 

Cash frc.a Uid. 629 -108 -196 -92 -49 -57 -40 -54 -40 -40 -40 -50 -40 -CO -50 -40 -303 

Inv. Il3mE-x: 
1sxable a 9.0X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

,a-cxeapt Q 6.0X 40 40 33 26 23 21 19 17 15 14 12 10 a 6 4 1 289 

rsr+s a 0% -47 7 4 4 4 3 3 2 2 1 1 1 1 0 0 0 -14 

._.... __.-_. . . . ..- . . . . . . .__.._ _._... . . . . . . . ..--- _._... ____._ .._... ._.... _._._. _..... .____. . . . . . . . .._.. 

Ictel Cash 716 -75 -167 -70 -30 -39 -24 -35 -27 -27 -24 -41 -33 -34 -46 -39 0 

Curulstive 716 641 474 404 374 335 311 276 249 222 193 is2 119 e5 39 0 
____._=ii__iS_j_ii=i===~==~======~======~~~==============~=====~~~=~===~==~======~==~=====================~=~=== ijEii//=/ifii=__._-~~----=~======~=~=========------ 



LINE: "C RAlE ADJUST)IEYT TO REFLEC, L"". IYCCM EXHIEIT F 

1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 Total 
__________-__-__---.~~~~..~~~~~-~--~---~-~--~.~-.-...-.--.~.~~-~.-~.~.~~.~~~~.-~~.~~~~.~.~~~.~~.~~~~~.~~..~..~~~.~.~.~~~~~~~~~~~-~~--~~~ 

NW Tax lad 
--_--__.-_--.-_ 

Fax payout Pattern 
schdAL*P 0.34314 0.26RZ O.R341 0.03113 O.O@X 0.03699 0.01933 0.01320 0.009aO 0.00400 0.00400 0.00400 0.00400 0.00400 0.00400 0.03043 1 
Uorkmrs Co+ 0.2592 0.2%1 0.1333 0.0774 o&u7 0.035 O.OlaLl 0.0173 0.015 o.Ow 0.0062 0.0062 0.0062 0.0062 o.alb2 0.0758 0.m 
SdNxed 0.34314 0.26322 0.12541 O.WlS 0.04904 0.03499 0.01953 0.01320 0.009m o.wm 0.00C00 0.00400 0.00400 o.w400 0.00400 0.03OGJ 1 

PWiOd 0.5 1.5 2.5 3.5 4.5 5.5 6.5 7.5 6.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 

la Disc. Factors 

Int. Factora 7.5% 0.9645 O.WR 0.8346 o.Tm o.nu 0.6718 0.6249 0.5813 0.5408 0.5031 0.4680 0.4353 0.4049 0.3767 0.3501 0.3260 
DilCMt Factors O.l33953 0.11037 0.79251 0.77002 0.75127 0.72024 0.7OBO9 0.70457 0.70712 0.73619 0.77257 0.61103 0.85566 0.90502 0.96448 1 

LOSS Rcscrver: 
WldilCMted 932 324 620 536 487 430 390 340 3w 260 220 170 130 w 40 0 

ml. 932 -108 -1% -92 -49 -51 -40 -50 -40 -40 -40 -50 -40 -40 -50 -40 0 

Oifference in Chgr. 150 6 -26 -7 -2 -1 -6 -14 -12 -20 -18 -16 -13 -10 -a -1 0 

O&.cmc-88 



LINE: UC RATE ADJUSTMENT TO REfLECl I"". ,WCC,X 

1 2 3 4 5 6 7 8 9 10 11 12 13 
-.---~._..---.~--.~~.--..~.---~~--~--.~~.-..-~..-.~~..~...~.~.~..________._____._____...~.~~~..~~..~~~~, 

Before Adjustment 

IA-d. lncwe 0 0 0 0 0 0 0 0 0 0 0 0 0 
Proration: 9 8 7 6 6 6 6 6 6 6 5 5 5 
Dfac. LR luqmet 150 6 -26 -7 -2 -1 -6 -lb -12 -20 -18 -18 -13 
Itlv. IlKam 0 0 0 0 0 0 0 0 0 0 0 0 0 

-----e- .----__ ------. --v--m- ------- -.--_-- --.-_-_ ----.-- ------_ _----__ ----_.- -._.-_. --.__.. 

Taxable lncune 159 14 -19 -1 4 5 0 -8 -6 -14 -13 -13 -8 

Regular Iax a 34* 54 !i -6 0 1 2 0 -3 -2 -5 -4 -4 -3 

An1 

Adjusted Eamiws -101 Cl 68 44 37 35 39 46 63 51 49 49 13 

inclusion x 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.7s 0.75 0.75 0.75 0.75 
An1 Incclne 83 45 32 32 32 31 29 27 26 21 2C 24 21 

AHI a 20% 17 9 6 6 6 6 6 5 5 5 5 5 5 

*1.?cted lei% 2 17 9 6 6 6 6 6 5 5 5 5 5 5 

14 
.---. 

0 
5 

-10 

0 
_--.. 

-5 

-2 

39 

0.75 

24 

5 

5 

15 
. .._.. 

0 

5 

-8 

0 
-__-_ 

-3 

-1 

36 

0.75 
24 

5 

5 

0 0 

5 % 

-1 0 

0 0 
-_... _______ 

4 % 

1 33 

28 547 

0.75 

25 506 

5 101 

5 101 

.-. 

__ 

._. 

__ 

After Adjurtmmt 

w. Incolt 

Prorat~m: 

Disc. LR llpset 

Ire!. Incae 

-303 

6 

150 

0 

0 0 

6 5 

6 -26 

0 0 
--___ ---_--. 

12 -21 

4 -7 

0 

4 

-7 

0 
--__ . 

-3 

-1 

0 

3 

-2 

0 

0 

3 

-1 

0 

0 0 0 0 0 0 

3 3 2 2 2 2 

-6 -14 -12 -20 -18 -18 

0 0 0 0 0 0 
.-... --.__ _______ _______ ___._-_ _-.._.. 

-3 -11 -10 -18 -16 -16 

-1 -4 -3 -6 -5 -5 

22 28 25 32 28 26 

0.75 0.75 0.75 0.75 0.75 0.75 

14 10 9 6 5 4 

3 2 2 1 1 1 

3 2 2 1 1 1 

0 

1 

-13 

0 
__.-_ 

-12 

-4 

20 

0.75 

3 

1 

1 

0 

1 

-10 

0 
_--_. 

-9 

-3 

15 

0.75 

2 

0 

0 

0 0 -303 

1 0 cc 

-a -1 0 

0 0 0 
. ..-. ..__.-. _....._ 

-7 -1 -259 

-2 0 -86 

__ __ 
-147 

-50 

1 

0 

2 

1 

-116 28 51 29 22 19 

0.75 0.75 0.75 0.75 0.75 0.75 

-234 33 20 19 18 16 

11 2 245 

0.75 0.75 

1 1 -73 

0 0 -11 

0 0 -14 

7 4 I 4 3 



LINE: w RATE ADJUSTl4EYl TO REfLECI I"". lSCCHE EYHl8ll F 

1 2 3 4 5 6 7 a 9 IO 11 12 13 14 15 16 Total 

Credit for 

lax Emfit 1 

Investment nix 
l&l&l. o.mox o.ooox o.ooox o.ooox o.ooox o.ooox o.ooox o.ooax o.ooox o.ooox o.ooox o.ooox o.mox o.ooox o.ooox o.mox 
‘lu-uqat ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Adjured 
tnvatmmt nix 

luubl* o.ooox o.owx o.mox o.ooox o.owx o.ooox o.caox o.mox o.ooox o.ooox o.ooox o.ooox o.oom 0.000x o.ooox o.ooox 

lbx-u*t iw.ooox~oo.ooax1m.~i~.~i~.~i~.~i~.~i~.~i~.~i~.~i~.~i~.~~~.~i~.~~~.~i~.~ 
.**..**.*~.*********..**.**~.*."~,~.~.~."...***.*******...**.**.********‘.*.*****.***.************************.*******.************************ 



LINE: UC RllE ADJUSTMENT TO REFLECT INV. INCWE 

6 7 8 9 10 11 12 1 2 3 4 
.~__..~.~~.~~~______.....__.____ __ 

NEY TAK LA'4 

Przmiun 1000 

incurred 1LLE 100x ltmo 

Paid CLLE 6a 108 1% 92 

Chg. in Reserve 932 -lOa -1% -92 
_.._-- ----*_ _-__-_ _-_-__ 

wd. Proiir 0 0 0 0 
----__ ___-__ __.___ ____._ 

Cash from U-d. 932 -log -1% -92 
Inv. Irlcar: 

laxable a 9.0x 0 0 0 0 

1u-•xurpt 0 6.0x 51 si 49 43 

Tares 17 Q 6 6 
___._. __._._ _...-_ ___.__ 

Total Cash 973 -62 -153 -55 

Cuulative 973 911 7% 703 

5 
_..._. 

49 

-49 
._.__. 

0 
___-__ 

-4P 

0 

41 

6 
.--_._ 

-14 

13 14 15 

1000 

57 40 50 

-57 -40 -50 
- _ ---- __._-. .._._. 

0 0 0 
-._. _. . .._. _ ____ _. 

-57 -40 -50 

0 0 0 

40 39 38 

6 6 5 
.._._- -...-- .._.._ 

-23 -7 -17 

646 659 642 

40 40 40 50 

-40 -40 -40 -50 
.._.._ .._._. _..... ____.. 

0 0 0 0 
.--.-_ -_..__ . . . . . . . . . . . 

-40 -40 -40 -50 

0 0 0 0 

37 37 36 36 

5 5 5 5 
.._... .___.. _..._. ___._ 

-a -8 -9 -19 

634 626 617 598 

40 40 

-40 -40 
.-._.. .__... 

0 0 
- . . _ _ . _ _ _ . _ 

-40 -40 

50 

-50 
. . . . . . 

0 

-50 

40 

-40 
-_..__ 

0 
. . ..__ 

-40 

1000 

0 

0 

0 

0 0 

35 34 

5 5 
- . . . . . . . . - - . 

-10 -11 

0 0 

33 32 

5 5 

0 

643 

101 
.--.. 

542 -13 

542 

oiscomt Fwtor: 71.111 

7mAdjustmmt 100.50X 

Net Factor 72.17X 

MjurtedPraiu R2 

P*id l&E 6a 
. . . ..- 

ti. Profit -278 

Cash frca Und. 654 

It-Iv. Incorc: 

Taxable 0 9.0% 62 

ru-tralpt a 6.0x 0 

rams a ox 0 

40 50 40 
. . ..-. . ..--- _..... 

0 0 0 

722 

lDo0 
..__.. 

-278 

106 
_--_ 

0 

104 

0 

40 

? 

1% 92 49 57 CO 50 
___-.. ______ ______ .__._. . .._._ ._._.. 

0 0 0 0 0 0 

CO 40 40 so 40 
______ _.-__. . . . . . . .._... 

0 0 0 0 

.40 -40 -50 -40 

__ 

Tots1 Cash 

Cuulative 

.__.-. ._--_. 
716 -15 

716 641 

0 

-1% -92 -49 -57 -40 -50 -40 -40 -SO -40 -270 

0 0 0 0 0 0 0 0 

15 14 12 10 8 6 4 1 

2 1 1 1 1 0 0 0 
. . . . . . _._... .._... .._... ._.... ___... . . . . . . -..--- 

-27 -27 -29 -41 -33 -34 -46 -39 

62 

249 

33 

0 

0 0 0 0 0 0 

33 2b 23 21 19 17 

4 4 4 3 3 2 
._._._ -.._._ _._.__ -._-.- . . .._. .__.._ 

-167 -70 -30 -39 -24 -35 

474 404 374 335 311 276 249 222 193 152 119 a5 39 0 



lax Payart Pattern 

Schb1.P 0.34314 0.26722 0.12541 O.OBl13 0.01904 0.03699 0.01953 0.01320 O.OD980 O.CUb400 0.00400 0.00400 O.OD400 0.00400 O.OCGD 0.03043 1 
Uwkws Cap. 0.2592 0.2861 o.w.3 0.0774 o.a447 0.035 0.0188 0.0173 0.015 0.0062 0.0062 0.0062 omA2 0.0062 0.0062 0.0758 0.9998 
sdrtd 0.34314 0.26722 0.12541 0.00113 0.04904 0.03694 0.01953 0.01320 O.OD9M O.ODWJ O.OC400 0.00400 0.004M) 0.004DO 0.00400 0.03043 1 

P.&d 0.5 1.5 2.1 3.5 4.5 5.5 6s 7.5 a.5 9.5 10.5 11.5 12.5 13.5 14.5 15.5 

1~ DISC. FutDrn 
Int. FactOr@ 7.5X O.W45 O.WPR 0.0346 0.7764 O.N2 0.6718 0.6249 0.5013 0.5408 0.5031 0.463D 0.4353 0.4049 0.3767 0.3504 0.3260 
Dlscotnt Factors O-83%3 0.01037 0.79ZSl 0.77002 0.75127 0.72D24 O.lDW9 0.70157 0.7D712 0.73619 0.77257 0.01103 0.65466 0.90502 0.96448 1 

Los1 Rererve8: 

Undiwamtd 932 824 620 536 487 430 3w no 300 260 220 170 130 PO 40 0 

ml. 932 -1D8 -196 -92 -49 -57 -40 -50 -40 -40 -40 -50 -40 -40 -50 -40 0 



LIME: UC RATE *DJ"SI"EWI 10 REFLECI IYV. IwCCUE 

1 2 3 4 5 

‘More Adjustment 

und. lncane 0 0 0 0 0 

Proration: 9 8 7 6 6 

Disc. LR lq~~t 150 & -26 -7 -2 

Irn. Incrn 0 0 0 0 0 
.-.*.e- -._____ ______. -__-_-- __.___. 

rsxsbte ,ncoL 159 14 -19 -1 4 

Rqular TM a 34% 54 5 -6 0 1 

UIT 

MjuBted Earnings -101 41 6.8 44 37 

tnclrnlcm x 0.n 0.75 0.75 0.n 0.n 

Ml lnccre 83 45 32 32 32 

&AT a 2ax 17 9 6 6 6 

Sclccrcd tax 2 17 9 6 6 6 

6 8 
_.... 

9 10 
. . . . . . . ..____. 

. . 

11 12 

0 0 0 0 0 a a a a 
6 6 6 6 5 5 5 5 % 

-1 -6 -12 -20 -18 -10 -8 -1 0 
0 0 0 0 0 0 0 0 0 

_____ -____. -..... _.__. . . . . . --.-. .--_.__ _._.... 

5 0 -6 -14 -13 -5 -3 4 96 
2 0 -2 -5 -4 -2 -1 1 33 

0 

6 

-14 

Ii 
__._. 

-8 

-3 

0 

5 

-18 

Cl 

-13 

-4 

1.5 

0 

5 

-13 

0 
. . . . 

-8 

-3 

43 

0.75 

24 

5 

5 

35 39 46 43 51 49 49 39 36 28 547 
0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.7s 0.75 

31 29 27 26 24 24 24 24 24 25 506 

6 6 5 5 5 5 5 5 5 5 101 

6 6 5 S 5 5 5 5 5 5 101 
_ . ..“.‘.i*.“/.i“‘"“.“.‘.‘.‘.““...‘..‘.‘.““‘.*‘.‘...‘.““““““““““““‘*“““““““““““““‘~‘~~‘==““““““““‘~‘~““““““‘*“ 

2 After Cidjustmt 

ui-d. lncwm 

Proration: 

olac. LR Iwed 

II-W. incaa 

0 0 0 0 0 -278 

2 1 1 1 0 38 

-18 -13 -10 -8 -1 0 

0 0 0 0 0 62 
. ..__ .-.._.. __.___. _...... . . . . . . . . . .._. 

-16 -12 .9 -7 -1 -178 

-5 -4 -3 -2 0 -58 

-278 

0 

150 

62 

0 

6 

6 

0 
____. 

12 

4 

28 

0.75 

33 

0 0 

5 4 

-26 -7 

0 0 
_____ -..___. 

-21 -3 

-7 -1 

0 0 0 0 0 0 

3 3 3 3 2 2 

-2 -1 -6 -14 -12 -20 

0 0 0 0 0 0 
,___-. -.._._. .-..._. _.__.__ --____. .-..._. 

1 2 -3 -11 -10 -18 

0 1 -1 -4 -3 -6 

0 

2 

-18 

0 
_. _. 

-66 

-22 

-16 

-5 

22 19 22 28 25 32 28 

0.75 0.75 0.75 0.75 0.75 0.75 0.75 

is 16 14 10 9 6 5 

26 20 15 11 2 211 

0.75 0.75 0.7s 0.75 0.75 

4 3 2 1 1 -18 

1 1 0 0 0 -3 

1 1 0 0 0 -3 

-150 

O.l5 

-1?9 

1 4 3 3 2 2 1 

-36 



1 2 3 4 5 6 7 0 9 10 11 12 13 14 15 16 rota1 
. .._.___....._-----....-.._.--~~~.~~---.-.-.--..-_.__.-.---.-.~~.-~~~.~...-...____...._____....__________..____._______r________________ 

Credit for 

lmr Benefit 0 

1nvestmmt mix 

Tuzla o.owx o.mox o.owx o.alox o.ooox o.oao% o.ooo% o.owx o.owx o.Lwox o.ooox o.omx o.ooo% o.ooo% o.LloLv o.ooox 

Iax-•Jtqt 1m.ooo11m.wo1loo.o~.~lm.~l~.~l~.~l~.~l~.~l~.~l~.~xloo.~l~.~l~.~lw.~%l~.~ 

Adjusted 

tmcltmt will 

1u&la 1oo.wox o.fJoo% o.mo% o.ooox o.ooox o.Gacl% o.ooo% 0.030% o.Mox o.ooox o.owx o.ooox o.ocm 0.000x o.ooox o.wox 

lax-cxqt o.Dooxim.oooxim.oi~.~iw.~iw.~im.~i~.~iw.~~~.~i~.~iw.~i~.~~~.~~w.~~~.~ 
1~11..~.~.1.~1*1..1.~~~*.....~......**.*..~~*.........~.~....~***~....~*.~~..~.~~~~~~.~~.~~~~~===~~.*~~====~~*~=~~~.~*~~~~~~~~~~~~~~~~~~~~~~~..~~~~~~~~~~.~~ 



This is to the document the methodology supporting the 
discount factors attached. Essentially, the discount 
factors are a function of an estimated (or assumed) loss 
payment pattern and a projected interest rate. 

In this example, the basis for our estimated loss payment 
pattern are the workers compensation age-to-ultimate paid 
factors for Best's Selected Reinsurance Companies (Exhibits 
prepared by ABC Re). The cumulative paid factor for a given 
period is the reciprocal of the paid-to-ultimate factor. 

Best's factors were selected simply because we had no other 
industry data to use. RAA does not publish paid-to-ultimate 
factors. Even though the Best factors are from reinsurance 
companies, it is possible that they could include some 
primary experience as well as excess: hence, we believe that 
the figures are somewhat conservative. 

Unfortunately, the paid-to-ultimate factors produced 
negative payment factors in certain periods, due to the 
methodology on which they were based. We judqmentally 
adjusted the cumulative payment pattern by plotting the 
points of the Best Data and drawing a smooth curve 
(actually, it turned out to be a straight line) beginning at 
the point where the the Best data turned negative. We also 
elected to truncate the payment pattern at 16 years. We 
believe that both of these adjustments would tend to produce 
more conservative results. 

The discount factors calculated at interest rates of 5%, 7%, 
and 9% are 75.45%, 68.49%, and 62.65% respectively. These 
factors would be applied to the loss component of the 
reinsurance rate to adjust the rate for investment income on 
loss reserves. 
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WXKERS CCWEYSATIW KS 

12 24 36 40 60 72 04 % 106 120 132 144 156 168 180 192 
---_---- --*.--we .__.-_-- ----.--- _~-..--_ -------- .__-_--- .----.-- __.-..-_ --..--._ .-_.__-- -_._..__ .__._.._ ._.___._ _._____. ____.__. 

Ilest’* selected 

AIU fYtOf* 14.684 5.667 2.691 2.155 1.949 1.753 1.89 1.9 1.808 1.648 1.355 

Cmlativc Paid 0.0611101 0.176460 0.371609 0.464037 O.SlJoBJ 0.570450 0.529100 0.526315 0.553097 0.606796 0.738007 

Pcrlcd Paid O.lW3101 O.lM358 O.l‘?SW 0.092421 0.049046 0.057367 -0.04135 -0.0027a 0.026781 0.053698 0.131211 

Selected 

Curlatlve Paid O.R58 0.176 0.372 0.464 0.513 0.57 0.61 0.M 0.7 0.74 0.78 

E Parlod Paid 0.068 0.106 0.1% 0.092 0.049 0.057 0.04 0.05 0.04 0.04 0.04 

__.____________.____.~.~~~~.~~~~--.~~~~.-~~~~~~~~.~~-~~~~.~..~~~---~~---~~.~~.~~.~~.~..~~~--.-..~~-..~...~~-.-----~-~----.-. 

PWlCd 0.5 1.5 2.5 3.5 b.5 5.5 6.5 7.5 8.5 9.5 10.5 

Discant futor a 

1nt. mtn: 

0.83 0.87 0.91 

0.05 0.04 0.04 

. . ..~....._....-.--.-.. 

11.5 12.5 13.5 

0.96 1 

0.05 0.04 

___._.._._..... 

14.5 15.5 

5.01 75.446X O.lM6361 0.100370 0.173493 0.077557 0.039340 0.043584 0.029129 0.034677 0.026421 0.025162 0.023964 0.028529 0.021736 0.020701 0.024644 0.018776 

7.01. M.405X 0.065733 0.092577 0.165lW 0.072601 0.036130 0.0392M 0.025767 0.030101 0.022505 0.021033 0.019657 0.022%4 0.017169 0.016046 O.Ola745 0.014015 

9.0% 62.645X 0.065132 0.094903 0.158011 O.OUCU 0.0332411 0.035483 0.022844 0.0261% 0.019228 0.017640 0.0161a3 0.018559 0.013621 0.0124% 0.014331 O.OlOSla 
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APPENDIX B 

The following is an exerpt from FOUNDATIONS OF CASUALTY 
ACTUARIAL SCIENCE, Chapter 8 - Special Issues (draft 
version published in the CAS Forum series), authored by 
Steve DlArcy. 

. . . . . The various methodologies for including 
investment income in the determination of an 
allowable underwriting profit margin have the 
advantage of producing specific indications which can 
be used to establish rates. However, each method is 
subject to criticism for isnorins certain 
circumstances or requiring a value-to be estimated 
that is difficult or impossible to obtain. An 
alternative school argues that investment income 
should be given indirect consideration, rather than 
be attempted to be included directly in the 
ratemaking process. The arguments in favor of this 
position are: 

1. No formula approach is recognized as producing 
the correct results in all situations, 

2. The effect of competition on insurance prices 
is ignored in ratemaking formulae, but is crucial 
to the ability of an insurer to 
particular rate level, 

charge a 

3. If rates in a particular market are producing 
an excessive rate of return for insurers in total 
then new entry will drive the price down to the 
proper level, 

4. If rate levels are inadequate to produce an 
acceptable rate of return in total then insurers 
will exit from the market until 
increase to the acceptable level, 

price levels 

5. Analysis of the difference in rate levels in 
prior approval and competition states indicates 
that there are no significant differences in 
profitability over any extended time. 

The conclusion of these observations is that 
financial and insurance markets will work to produce 
the proper total rate of return for insurers, without 
the need for complicated formula adjustments. . . . . . 
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Splihing Allocated Loss Adjustment Expense 

bY 

LeRoy J. Simon” 

Facultative casualty reinsurance certificates and working layer casualty excess of loss 
reinsurance treaties will often provide that the primary company and its reinsurer are to 
share Allocated Loss Adjustment Expense (ALAE) in proportion to therr respective 
amounts of the indemnity loss. This works well in most cases and can be properly priced 
by the reinsurer and evaluated by the primary company before entering inio the 
reinsurance contract. 

A conflict may occur when a subrogation opportunity arises, however. The reinsurance 
will usually provide that the apportionment is based on the indemnity loss payments as 
determined after the subrogatjon is finalized. Unless the expected value of the primary 
company’s loss plus Af-AE after subrogation is less than beforehand, there is no Incentive 
to pursue the matter. However, the reinsurer would be anxious to do so in most cases 
and here lies an opportunity for some actuarial help to both parties. 

A careful analysis of the situation may help each party focus more accurately on the 
implied probability distributions and thus more accurately evaluate the expected values. 
It may also show the way for two parties with different probability distributions to come 
closer together in their agreement on a common distribution. Failing to reach agreement 
on a course of action, the mediator/actuary might show the parties how to fashion a 
division of the ALAE that will bring them into agreement an how to proceed. 

A simple case for illustrative purposes might be a casualty excess of loss treaty (or a 
facultative casualty certificate if you prefer) where the primary company’s retention (R) IS 
5 (all figures can be thought of as being in millions of US$). A loss (L), which is covered 
by reinsurers through one or more layers, has been paid for 25 with an ALAE (A) of 0.2. 
It is now proposed to spend an additional amount of ALAE (b) to recover an uncertain 
amount of subrogation (x) which has a probability distribution f(x). Capital letters are used 
for those values which are known when the analysis is to be made and lower case letters 
are used for those which must be estimated or are variables in the solution. 

Now let us consider the simple probability distribution case (see Table 1 for a convenient 
summary of the equations involved) where there are only two possible outcomes: (1) io 
win and get a total recovery with probability p, or (2) to lose and recover nothing wi!h 
probability 1 - p. Under (1) the cost to the primary company will be (A + 0). Under (2) 
the cost will be R*(l + (A + b)/L). Hence the expected value of the cost to the primary 
company is: 

(A + b)*(p) + (R + R*(A + b)/L)*(l - p) 

Presented during the Speaker’s Corner of the March 29, 1989 meeting of the Casua!ty 
Actuaries of Greater New York. 
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If this value is less than the cost of not pursuing the subrogation, then the primary 
company will be interested in pursuing it. That cost is: 

R*(l + A/L) 

A little algebra shows that the no-go situation exists for the primary company when the 
following decision function, PCDF, is negative: 

PCDF, = R*(p - b/L) - p*(A + b)*(l - R/L) 

When the function is positive, it is in the primary company’s best economic interest to 
pursue the subrogation. Remember, however, that we are making the (1) and (2) 
outcome assumptions above. 

TABLE 1 

Summary of Equations for the Simple Case 

Primary Company Reinsurance Company 

If win (p) A+b 0 

If Lose (1 -p) R*(l + (A + b)/L) (L - R)*(l + (A + b)/L) 

If No Action R*(l c A/L) (L - R)*(l t A/L) 

Decision 
Function R*(p - b/L) - p*(A t b)*(l - R/L) (1 - R/L)*(p*(L + A + b) - b) 

Criiical 
Probability b/(L t (A + b)*(l - L/R)) b/(L c A + b) 

Third Party TOTAL 

L LtAtb 

0 LtAtb 

0 L+A 

p*L - b 

In our numeric example, suppose b is estimated to be 4 and p is %. The PCDF, evaluates 
to 0.02. Therefore the primary company would have an interest in pursuing the 
subrogation. The reinsurers (with 20 of indemnity loss at stake and a 50-50 chance of 
winning) no doubt would also, but we will investigate that below. 

If the probability of winning were just slightly different, say p = .40, the primary company 
decision function would evaluate to -0.144 and it would not be interested in going forward. 
In fact, under the assumptions made, the critical probability value is .4878 (that is, b/(L 
+ (A + b)*(l - L/R))); above that the primary company is willing to pursue subrogation; 
below it, it is unwilling. 

Now let’s look at things from the reinsurer’s standpoint. Under the same (1) and (2) 
assumptions, the expected value of the cost to the reinsurer under (1) is zero and under 
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(2) is (L - R)*(l t (A + b)/L)*(l - p). If this value is less than the cost of not pursuing the 
subrogation, then the reinsurer will be interested in pursuing it. That cost is: 

(L - R)*(l + A/L) 

Again, the reinsurer’s no-go situation exists when the following decision function, RCDF, 
is negative: 

RCDF, = (1 - R/L)*(p*(L + A + b) -b) 

When the function is positive, it is in the reinsurer’s best economic interest to pursue the 
subrogation. Since (L t A) will ordinarily be quite large, it takes a combination of a large 
b and a small p to make this function negative; hence the reinsurer’s preference will most 
likely be to pursue subrogation. 

In our numeric example, b = 4 and p = %, RCDF, evaluates to 8.48 and thus a go 
situation for the reinsurer as well. 

If the probability of winning were quite low, say p = .lO, the reinsurer’s decision function 
would evaluate to -0.864 and it would not be interested in going forward. Under the 
assumptions made, the critical probability value for the reinsurer is .1370 (that is, b/(L + 
A + b)); below that it is unwilling to pursue subrogation; above it, it is willing. 

Hence, in this illustrative case, even if the two parties could agree on the estimate of 
additional ALAE to pursue subrogation (b) and upon the probability of success (p), rf b 
was 4 and p fell between .1370 and .4876, they would reach opposite conclusrons. 

Certain conclusions are quite clear from the decision functions. In the PCDF., for 
example, a very small retention makes it unlikely that the primary company WIII be 
interested in pursuing subrogation, In such treaties you should have a split of AL4E 
which is a better incentive to both parties. The reinsurer who writes an entire layer and 
considers the RCDF, will find it compelling in most cases to want to purse subrogation. 
However, if the reinsurer were to only write a small piece of a layer or the entire amount 
of a narrow ribbon of a layer, it would be much easier to rationalize the waiving of the 
subrogation which the primary company was unlikely to wish to pursue anyway. 

Reinsurers will also want to consider carefully the situation where the primary company 
is in liquidation -- the liquidator may have a different viewpoint from that of an ongoing 
company. He might be quite amenable to, and much more flexible in, negotiating the split 
of the additional AIAE to pursue the subrogation. Also note how much easier it WIII be 
for a reinsurer to negotiate if it has a single, substantial commitment instead of being a 
Small part of various covers spread over an extended set of layers. 

AS a final exercise, consider the situation where all results between no recovery and full 
recovery of the indemnity loss are considered to be equally likely (see Table 2 for a 
COnVenient summary of the equations involved). In that event the PCOF would again 
come in two parts: (3) to recover more than the reinsurer’s interest (that is, bring the loss 
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down under the retention) in which case the cost to the primary company would be (L - 
x + A + b) and (4) to recover less than the reinsurer’s interest in which case the cost 

would be R*(l + (A + b)/(L - x)). 

If this value is less than the cost of not pursuing the subrogation then the primary 
company will not be interesting in pursuing it. That cost continues to be: 

R*(l + A/L) 

We now integrate over the respective ranges of (3) and (4): 

L 

I 
(L - x + A + b) dx + 

I 
%*(I t (A t b)/(L - x)) dx 

L.R 0 

We then evaluate, divide by the integral of dx over the range 0 to L, and deduct the cost 
of not pursing subrogation to arrive at the decision function under the new probability 
function assumption: 

PCDF, = R*(R/2 -b - (A + b)*ln(L/R))/L 

where In is the natural logarithm. 

When the function is positive, it is in the primary company’s best economic interest to 
pursue the subrogation, 

TABLE 2 

Summary of Equations for the Equal Probability Case 

If Recovery is Greater If Recovery is Less 
than reinsurer’s interest than reinsurer’s interest If No Action 

(Range = L-R to L) (Range = 0 to L-R) 

Primary Company L-x+A+b R*(l + (A t b)/(L -x)) R*(l + A/L) 

Reinsurer 0 (L-x - R)+(l t (A + b)/(C - x)) (L - R)*(l + A/L) 

Third Party X X 0 

TOTAL after integra- 
tion over the range R*(L + A t b) (L - R)*(L + A + b) L+A 

If we keep all the values of our previous example but now use the new probability 
function, PCDF, evaluates to -1.65; that is, do not pursue. 

Now let’s again look at this situation from the reinsurer’s standpoint. Under (3) its 
expected value of the cost is zero and under (4) it is (L - x - R)*(l t (A + b)/(L - x)). 
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If this value is less than the cost of not pursuing the subrogation then the reinsurer Will not 
be interesting in pursuing it. That cost continues to be: 

(L -R)*(l + A/L) 

We now integrate (4) over the range: 

I 

L-R 
(L - x - R)*(l + (A + b)/(L - x)) dx 

0 

We then evaluate, divide by the integral of dx over the range 0 to L, and deduct the cost 
of not pursing subrogation to arrive at the decision function under the new probability 
function assumption: 

RCDF, = @*((A + b)*lnL/R) - (L - R)*(b - L/2 - R/2))/L 

When the function is positive, it is in the reinsurer’s best economic interest to pursue the 
subrogation. 

in our numeric example, RCDF, evaluates to 10.15; that is, pursue. The reinsurer and 
primary company reach opposite conclusions. 

This analysis has focused entirely on the expected value of the decision to be made and 
has not considered factors such as the working relationship between the primary 
company and its reinsurer. That bond may be strong enough to override an expected 
value calculation because of long term -- past or future - values. Neither have we 
considered the effect of retrospective or prospective experience rating on treaties. This 
may again cause a sufficient effect on the primary company’s total expected value in the 
long run that it would reach a different conclusion in some instances. Further sophistica- 
tion could introduce present value concepts since pursing subrogation can sometimes be 
a time consuming process. 

Note that the unallocated loss expenses of the primary company and of the reinsurer are 
not considered here at all. AIAE for the Third Party is not mentioned, of course, since 
it is not relevant to the decision process although it does contribute to the global cost of 
the entire system. 

In closing, it would be of interest to increase the number of discrete probabilities in our 
first approach and study the situation then. It would also be of interest to have the 
second approach assume probability curves which were quite optimistic of success or 
quite pessimistic and have the reinsurer and the primary company choose them in the 
four possible combinations. Finally it might be worthwhile to study a very different 
COntraCtUal agreement on splitting allocated loss adjustment expense to see if the conflict 
presented by this proportional method could be avoided. 
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A Method to Calculate Aggregate Excess Loss Distributions 

by Joseph R. Schumi 

Abstract 
The purpose of the paper is to develop a method of calculating the aggregate 
loss distribution of excess claims based on a formula described in the book Risk 
Theory by Beard, Pentikainenen, and Pesonen. This formula requires that the 
claim frequency distribution satisfy a certain recursive relationship. 

The first part of the paper shows that a claim frequency distributions of excess 
claims derived from a claim frequency distribution satisfying the recursive 
relationship also has that recursive property. 

The second part describes a simple Pascal program that implements the 
calculation of aggregate loss distributions using these formulas. 
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Introduction 
Like many actuarial departments, we have been using a variety of tools to 
determine the distribution of aggregate losses assuming we know something 
about the underlying frequency and severity parameters. 

We have an analytical model based on the Fortrao program described in the 
the article by Glenn Meyers and Phil Heckman. Through the work of our own 
staff we also have stochastic simulations. While these models have proven to 
be very useful, they do not work in all situations. The analytic models often 
don’t behave well when there is a large probability spike in the severity 
distribution or a fractional expected number of claims. The effectiveness of 
simulation models may be questioned because of concerns about the 
“randomness” of the random number generators, at least for some of the PC 
based versions. 

IO their book, Risk Theory, Beard eta1 describe a method of calculating 
aggregate loss distributions for Compound Poisson processes when the claim 
frequency can be expressed in a particular recursive form and the claim 
severity distribution is discrete on uniformly spaced points. It turns out that 
the family of claim distributions satisfying the recursive relationship includes 
both the Poisson and Negative Binomial distributions, both of which are 
familiar to actuaries. 

It is also true that any reasonable claim size distribution can be. approximated 
to any desired degree of accuracy by an equally spaced discrete probability 
distribution, at least over a finite interval. Though, to suitably approximate 
many of the standard claim size distributions, it can require a relatively large 
number of grid points. On the other hand, the probability distribution of 
excess claims usually exhibits a fairly simple pattern and thus can be 
approximated reasonably well by a relatively small number of points. 

The advantage of this method is that the computation does not have any of the 
convergence problems of the analytic approaches based on Fourier Series 
either when the number of claims is small or there is a point mass at the upper 
end of the interval. Of course, you do nad to pay attention to the quality of the 
claim severity approximation. 

To implement this approach there were two things that needed to be done. 

The first was to answer a purely statistical question - given the probability 
distribution of first dollar claims, what is known about the probability 
distribution of excess claims. In particular, if you assumed that the starting 
distribution was Poisson or Negative Binomial with a given set of parameters, 
could you assume that the distribution of claims in excess of some loss amount 
was still Poisson or Negative Binomial and determine the new parameters? 
More generally, if the form of the original distribution satisfied the recursive 
relationship, will the resulting excess claim distribution? 

The second was to write a computer program to carry out the calculations. In 
the second section I will describe an elementary version of such a program 
written in Turbo Pascal for the Macintosh. 
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The Frequency of Excess Claims 
10 this section, I consider the recursive formula described in Risk Theory. 
(esp. Sections 2.9 and 3.8) The intent is to show that the distribution of excess 
claims derived from such a recursive claim distribution is also recursive. The 
basic procedure I follow is to consider the probability of no excess claims and 
the probability of n excess claims. 

Let nn stand for the probability of n excess claims, and let IF stand for the 
probability that a claim is an excess claim and let 8 = (l- x). Recall that (iCj) 
stands for the binomial coefficient (i(i-l)...(i-j+l))/j! 

Make whatever assumptions about independence are necessary and assume 
that the claim frequency distribution satisfies the recursive relationship 

Pn+l = [a+b/(n+l)] Pn , 

where Pn, for n 2 0, is the probability that the number of claims equals o. 
Since 2 Pn = 1, the parameter a must be less than one, and in the following 
assume that the parameter a is positive. 

Then the probability of no excess claims can be expressed as 

no = Po + P,e + P202 + . . . + p*en + . . . 

and by using the recursive relationship 

no = PO + (a+b)P& + (a+b&)(a+b)P@+ . . . + (a+b/n)...(a+b)Po@O 4 . . . . 

Factoring out PO, we have 

no = PO 11 + (a+b)O + (a+b/2)(a+b)fS2 + . . . + (a+b/n) . . . (a+b)W + . . ). 

By rearranging the terms, we obtain 

no = PO 11 + [Wa)+ll(aW + [(b/a)+ll[(b/a)+21(ae)2/2 4 . . . 
4 [(b/a)+11 . . . [(b/a)+ul(aS)n/n! + . . . j. 

Since ae is less than one, the series inside the brackets converges and is equal 
to 

or alternatively 
(I - ae)-((a+b)lal, 

and 
(1) no = Po/(I - af3) [(a+bVal. 

197 



For the probability of o excess claims 

II, = Pn 7c” + Pn+t Cn+lCde 7P + PO+2 h+2C2N2 I+ 4 . . . 
+~a~ (o+qcq) an89 7tn 4 . . . . 

Again using the recursive relationship, we have 

nn = I% 19 + [a+b/(n+f)l Pa d+tCt)e x0 
+ [a+b/(n+2)l[a+b/(n+1)1 Pu b+zCz) e2 nn + . . . 
+ [a+b/(n+q)l . . . [a+b/(n+l)l Pu (n+qCq) 8q @+ . . . 

Factoring out Pu An, we have 

IIn = Pu rtn (1 + [a+b/(n+l)l (n+S$3 + [a+b/(n+2)l[a+b/(n+l)l (n+2Cde2 
+ . . . + [a+b/(n+q)l . . . [a+b/(n+i)l Gr+qCq)Bq + . . . I. 

Rearranging terms this becomes 

IIn = PO ten (1 + [(b/a)+o+l] (a@) + [(b/a)+n+ll[(b/a)+n+21(ae)2/2 + . . . 
+[(b/a)+n+l] . . . r(b/a)+n+q](a61)q/o! + . . . 1. 

As before, since ae is less than one, the series converges and is equal to 

{I - &)-[Wa)+n+ll , 
or alternatively 

(1 - ae)-[(a+b)lal (1 - ae)-n 

Thus 
rIn = p. (I - ae)-[(a+b)/al[x /(I _ ae)]n 

and 
~O+I = [x/(1 - ae)l[a+b/(n+l)l no. 

Thus IIn satisfies the recursive relationship 

(2) IIn+1 = [A+B/(n+l)l no 
with 

(3) 
A = [x/(1 - &)I a 

B = [x/(1 - ae)l b. 
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For the case where a = 0, the derivations above can be modified slightly to yield 

I-&, = p. eb@ 
(4) 

III,, = pn ~0 eb@ . 

These can be seen IO satisfy equation (2) with A = 0 and B = rtb. 

IO summary, excess losses generated from the family of distributions 
characterized by the recursive formula are also in the family of such 
recursive distributions, with parameters scaled by X /(I - ae). 

As noted above, this family of distributions includes the Poisson and Negative 
Binomial distributions. 

For the Poisson distribution, with expected value k, we have for n 2 0 

Pn = eex (XVn!). 

In this case, the recursive parameters are a = 0 and b = x, and by (4) the excess 
distribution satisfies 

&, = p. eb@ = e-x eae = e-xex-zk = e-xl 

& = P,, xn cbe = e-k (Xn/o]) x* ek-xx = e-xx [(X.x)0/,]] 

Thus, the excess distribution will be a Poisson distribution with parameter XL, 
which is, of course, what you would expect. 

For the Negative Binomial with parameters h and n, we have for k b 0 

% = (h+k-lck) IW(n+h)lh b/@+Wlk . 

The recursion parameters for this distribution are 

a = n/(n+h), 

b = n(h-l)/(n+h) . 

And the mean and variance are given by 

fi =n 
02 =n+n2/h. 
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Note that (a+b)/a = h and (1 - ae} = (1 - n(l- Z)/(n+h)) = (nlr+h)/(n+h), 
so from equation (1) we have 

no = PO/II - d3)t(a+bYal 
= [h/(n+h)lh/[(nx+h)/(n+h)lh 
= W(nx+h)lh 

And using (3) we see that 

And 

A = [n/(1 - &)I a 
= [X/(1 - (n/(o+h)le)lIn/(n+h)l 
= Kxn)/(n+h)l[(n+h)l(n+h-no) 

= [(x0)/{ n+h-n( 1 -x)) I 

= @W/[(m)+ hl . 

B = trr/(l - &)I b 
= [x/(1 - ae)l[n(h-l)/(n+h)l. 
= [X/(1 - (n/(n+h))e)l[n(h-l)/(tt+h)l 
= [(rcn)(h-l)/(tt+h)l[(n+h)/(n+h-oe)l 

= (xnW1V[(xo) + h] . 

Thus the excess distribution is again a Negative Binomial distribution with 
parameters ten and h. In particular, the mean of the excess distribution is Xtt 
and the variance is xn + (TCo)2/h. 

Implicatipns for the Negative Binomial 
In the case of the Negative Binomial it is instructive to look at the relationship 
between means and variances for the original distribution and the excess 
distribution. 

The following table summarizes the statistics for the two distributions. 

Original Excess 
Mean 0 Xn 
Variance n 4 02/h Xn + (xn)2/h 
Ratio l+n/h 14x b-w. 

Thus the ratio of the mean and variance becomes closer to unity as the size of 
the excess claim increases. Since the probabilities of an excess claim are often 
on the order of lo- 3 or less, for most distributions the variance to mean ratio 
will be very close to unity. In some sense the derived claim frequency 
becomes nearly Poisson. 

This observation would seem to run counter to the “common sense” view that 
the further out you are in the tail, the more volatile the claim distribution 
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becomes. Of course. since this is all predicated on having perfect knowledge of 
the claim severity distribution with no questions about trend or loss 
development maybe it isn’t so surprising. 

The Program 
The program basically implements the formulas shown in section 3.8 of Risk 
Theory by Beard etal. 

The parameter file contains the name of the distribution, the mean and 
variance of the distribution of first dollar claims - either Poisson or Negative 
Binomial; the parameters of the Pareto claim size distribution, B, Q, P, T. and S; 
the upper and lower limit of the excess interval under consideration; the 
number of grid points to use for the claim size approximation and the Stopping 
Probability. 

Following is an example of the parameter tile: 

Test Data (Label) 
1OoOO 15008 (Expected Number and Variance of Claim Process) 
2000 1.25 0.5 500 loo0 (B, 0, P, S, 1 of Pareto Seventy Dist) 
1000000 5000000 (Attachment Point, Limit) 
20 0.99989 (# of Pts in Sev f&t, Cum Prcb stopping value) 

The output file displays a variety of summary information to assess the 
quality of the estimation as well as the aggregate distribution itself. 

Following is a copy of the summary data based on the Test Data parameters. 

Test Data 
The Expected Number and Variance of First Dollar Claims 

10600 15ooo 
The Pareto Parameters are 
B 2WJ Q 1.25 PO.%00 S 500 T 1008 
The AttachPt is 1000000 The Limit is 5OC0OOO 
The Number of GrfdPts is 20, The Prcb Stopping Value is 0.99998000 

Prob of an XS Claim is 0.000350 Prob of a Limits Claim is 0.000037 
The Prob of a Limits Claim given an excaes claim 0.106712 
Parameter a equals 0.000175. Parameter b equals 3.500974 

The Mean and Varience of the Claim Frequency Distribution is: 
3.601762 3.502375 

The Mean and Standard Deviation of the Actual Severity Distribution is 
1448060 1607771 

The Mean and Standard Deviation of the Discrete Severity Distribution is: 
1477067 1583653 

The Mean and Standard Deviation of the Actual Aggregate Distribution is: 
5063723 4046662 
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The Discrete Claim Severity Distribution is 
0.326 0.127 0.069 0.066 0.051 0.040 0.032 0.026 0.022 0.019 
0.016 0.014 0.012 0.011 0.009 0.006 0.006 0.007 0.006 0.110 

The Cumulative Probability is 0.99990326 
The Total Number of AggPts calculaLad is 112 

The Mean and Standard deviation of the ESTIMATED Aggregate Distribution is: 
5169444 4045234 

This data allows one to assess the quality of the modeling of the severity 
distribution - compare the means and standard deviations of the actual and 
discrete severity distributions. If the tit is inadequate, the number of 
gridpoints, which is the number or points used to approximate the severity 
distribution, should be increased. 

There is also a corresponding comparison for the aggregate distribution. 
Using the well known formula for mean and variance of a Compound Poisson 
process in terms of corresponding statistics for the frequency and severity 
distributions. the program computes The Mean and Standard deviation of the 
ESTIMATED Aggregate Distribution. This can be compared to The Mean and Standard 
Deviation of the Actual Aggregate Distribution. which is computed from the statistics of 
the claims frequency and actual severity distributions. If this comparison is 
not satisfactory. an increase in the Stopping Probability is indicated. 

If you are satisfied with these estimates you can use the information written to 
the output file. This data set displays summary statistics and the aggregate 
distribution itself. 

Following is an example of the output data set. 

Test Data 
The Mean and Variance of the Claim Frequency Distribution is: 

3.501762 3.502375 

TM Mean and Standard Deviation of the Discrete Severity Distribution is: 
1477067 1583653 

The Mean and Standard Deviation of the ESTIMATED Aggregate Distribution is: 
5169444 4045234 

loss amount probability cum probability 
0 0.030153453 0.030153453 

250000 0.034619700 0.064773154 
500000 0.033230037 0.096003191 
750000 0.032365066 0.030153453 

1000000 0.031735604 0.162104060 
1250000 0.031000556 0.193104636 
1500000 0.030124671 0.223229307 
1750000 0.029144564 0.252373671 
2000000 0.026096459 0.260472330 
2250000 0.027016611 0.307466942 

2500000 0.025921764 0.333410726 
. . . . . 
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The first numbers are a restatement of the key statistics of the frequency, 
severity and aggregate distribution followed by the probabilities of the 
aggregate distribution. 

In its present form, the program has limitations due mainly to my limited 
programming experience. The constraint is a limit on the amount of memory 
that can be specified in a single program unit. There are ways around it with 
more sophisticated memory management techniques, but that would have 
taken me too far afield. 

Practically, the limitation means that the program is limited to evaluating the 
aggregate distribution at about 1000 points. If you describe the claim 
distribution with 25 points this means that you are limited to 40 claims. Not 
much of a constraint if the expected number of claims is 0.25. 

However, since my main goal was to show that the calculations would work, the 
program appears to have accomplished those goals and could now be 
transferred to a less constrained environment or more talented programmer. 

If anyone is interested in a program listing I would be glad to provide one with 
the understanding that it was not intended to be a finished product, is not 
warranted to be free of defects and comes with no technical support. 

Reference 
Beard, R.E., Pentikainenen, T. and Pesonen. E., Risk Theory: The Stochasric 
Basis of Insurance. (Third Edition), 1984. 

Joseph R. Schtmti, F.C.A.S 
St. Paul Specialty Underwriting, Inc 
445 Minnesota St. - Suite 900 
St. Paul, Minnesota, 55101 
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THE EDUCATIONAL CONTENT OF THE CAS SYLLABUS 

This report has been prepared by the Long Range Planning Subcommittee of 
the Syllabus Committee at the request of the Board of Directors of the CAS. 
The purpose is to evaluate the educational content of the syllabus from the 
standpoint of the educational needs of future actuaries. The subcommittee 
has been reviewing Syllabus content for several years in terms of a long 
range comprehensive plan for educating actuaries. The subcommittee was 
expanded for this project to include a representative of the Educational 
Policy Committee. In addition, the Report reflects comments from the full 
Syllabus Committee. 

The report draws upon the results of the CAS Membership Survey in 
evaluating the current Syllabus and subjects which were identified by the 
survey for inclusion in the Syllabus. The subcommittee is also indebted to 
Michael Walters and John Muetterties for their thoughtful discussions of 
future educational directions as presented in recent articles in the 
Actuarial Review and The Actuarial Undate, respectively. The committee has 
incorporated some ideas from recent discussions of “the actuary of the 
future”. 

The Actuarv of the Future 

For many years, the actuary’s focus has been on the liability side of the 
balance sheet. It seems clear that the actuary of the future will 
increasingly be required to look at the asset side as well. The subject of 
matching of assets and liabilities in terms of duration and suitability has 
already received increased attention and several articles on this subject 
have now been added to the Syllabus. Future actuaries vi11 be increasingly 
involved in the investment side of the business. This focus is not 
necessarily restricted to insurance companies but vould also apply to 
self-insurance and other funding mechanisms. 

A related area in which the actuary is already becoming more involved is 
Finance. In recent years, more emphasis in the insurance pricing arena has 
been placed on rate of return and the cost of capital. Questions posed 
include the relative risk of the insurance industry as compared to other 
industries, the financial structure of the industry (leverage ratios, etc.), 
the profitability of the industry, the need for a contingency margin and the 
allocation of surplus to line and state. Various methods have been 
presented for determining the cost of capital (Discounted Cash Flow, 
Internal Rate of Return, the Capital Asset Pricing Model, etc.). Finance is 
an appropriate area for further actuarial involvement. 

In an increasingly complex and socially conscious era, legislators, 
regulators, and others are looking for actuarial advice to understand the 
cost implications of relevant social and political proposals. To the extent 
that the actuary is viewed as professional and objective, that advice vi11 
be sought and valued. This suggests several important qualifications for 
the actuary of the future. The first is communication skills, for vithout 
these skills the result of the actuary’s vork will go unheeded or given 
little veight. Secondly, the actuary must be viewed as a professional. 
Hence, integrity, discipline, professional standards of practice and guides 
to professional conduct are very important. 

207 
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(continued) 

More and more, employers are looking for actuaries with a broader 
perspective, going beyond the traditional technical skills. They are 
looking for actuaries who possess communication and management skills. 
These employers are looking for greater competence in such skills as problem 
identification, dealing vith unstructured situations, applying 
interdisciplinary approaches, conceptualization, and creativity. 

Actuaries will be called on to play a larger role in the arena of 
regulation. Actuarial certification is currently expanding into new areas. 
Regulators want actuaries to certify reserves and other balance sheet items 
to assure that these have been estimated in a professional, objective manner 
and fairly stated. Actuaries also may be called on to take a larger role in 
attesting to ratemaking procedures and results. 

We will see broader application of actuarial techniques. Actuaries have 
demonstrated the ability to quantify difficult problems using a variety of 
methods and models. These techniques can and will be applied to other areas 
than the traditional insurance problems. Initially, these areas will likely 
be offshoots of insurance and risk management fields. 

Actuaries will become more international. As financial institutions and 
businesses become multi-national, actuarial work will likely expand. 
Actuaries will need to become more knowledgeable about the insurance and 
risk management systems in other countries. 

The actuary of the future will be a problem solver but with a broader 
perspective, an expert at quantifying difficult problems with a variety of 
scenarios. The actuary will play a greater role in areas such as economics, 
finance and government. Due to this increased role, he or she will play a 
more active part in dealing with many difficult social problems and must be 
able to communicate. He or she must be viewed as a professional, with 
professional standards of practice and conduct. 

Intellectual Core of the Profession 

Is there a common core to all of this? What distinguishes actuaries from 
practitioners of related disciplines such as economics, accounting and 
general mathematics? What makes the actuary unique? 

Jim Hickman recently referred to the "intellectual roots" of the 
actuarial profession. We believe that the core upon which the casualty 
actuarial profession is built is a thorough grounding in the following as 
applied to property/casualty risks: 

--Applied Mathematics 
--Economics 
--Finance 
--Risk Theory 

All of these disciplines come together in evaluating current financial 
implications of future contingent events; this has been advanced as the 
definition of an actuary and may be the best definition possible. 

AS we strive to educate actuaries of the future, we must begin by 
instilling a strong base of knovledge in these core areas. In effect, we 
will be molding an actuary who begins as a generalist, trained in the 
fundamentals and principles of applied mathematics, economics, finance, and 
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risk theory as applied to property/casualty risks. As the actuary’s 
knovledge and experience base expands. specialization will occur. However, 
as actuaries move forward in various career directions, this intellectual 
core will travel with them and will provide them with a firm base from which 
to grow. 

Educational Issues 

With this backdrop, we need to examine our current educational process to 
see vhether it is providing the necessary training in the intellectual core 
for the actuary of the future. We have identified the following issues as 
important to the educational process: 

--Balance of Mathematical vs. Non-Mathematical Subject Matter 
--Sequencing of Subject Matter 
--Conceptual vs. Factual Material 
--Canadian Content 
--Associateship vs. Fellovship Examinations 
--Communication Skills 
--Management Skills 
--Professional Standards 
--Development of Syllabus Materials 

Each of these issues will be discussed in more detail in the following 
paragraphs. 

Balance 

Actuaries must master both mathematical and non-mathematical subject 
matter. If we “over-focus” on mathematical tcpics, we may not provide the 
broad background desired to allov actuaries to solve problems creatively, 
using different disciplines. In addition, there is a real danger that an 
“overkill” on heavy mathematics will discourage non-mathematicians from 
entering the profession. These non-mathematicians may possess the desired 
communications, management, and general business problem-solving abilities. 
Given that we want to retain our mathematical roots within the core of our 
profession, we must strive to find a proper balance on the Syllabus between 
mathematical and non-mathematical subject matter. 

Seouencina of Subiect Matter 

There has been some discussion in recent years about whether all of the 
mathematical subjects should be kept to the early examinations, We do not 
believe that as soon as an actuary achieves the associateship designation, 
he or she loses the ability to handle mathematics. In fact, it would be 
impossible to properly cover advanced ratemaking and excess pricing without 
significant mathematical content. Since we have cited applied mathematics 
as a part of the core of our profession, we believe that “mathematical 
subjects” should be presented through all levels of the educational process 
for the actuary. 

By the same token, ve feel that non-mathematical content could be 
introduced earlier in the examinations (for example, at the Fart 3 level). 
This would allow students to study material early on in the examinations 
vhich would be more relevant to their work than pure mathematics. 



THE EDUCATIONAL CONTENT OF THE CAS SYLLABUS 
(continued) 

Another issue in sequencing is vhether or not certain examinations or 
subjects should be prerequesites for later exams. We don’t see the need for 
this under the current Syllabus, although it should be further considered 
under the proposed flexible education system. 

Conceutual vs. Factual 

Given our mathematical foundation, hov do we focus the educational 
process on the problem-solving skills for which we are looking? This 
concern also appeared on the Membership Survey from a slightly different 
perspective. Specifically, do examination questions focus enough attention 
on understanding and problem-solving as compared to list recitation? While 
these are related issues, we believe that the latter question is not 
primarily a question of educational content. It, instead, is an issue that 
should be addressed by the Examination Committee or the new Task Force on 
Educational and Testing Methods. As to the first question, we believe that 
the Syllabus needs to be broad enough to give the student both factual 
information as well as conceptual perspectives. Although practical 
applications of the theory and principles should be included, we need to 
emphasize that these applications are not important in and of themselves, 
but as examples of the application of problem-solving techniques to 
particular problems. In addition, as a general principle, readings that 
emhasize problem solving are desirable and should be sought. 

Canadian Content 

In general, insurance concept material probably does not fall into the 
category of being nation-specific. A general insurance concept should be 
applicable regardless of country and, therefore, would not pose a problem in 
either testing or development of material for the Syllabus. In developing 
this kind of material, the committee vould consider any published material, 
regardless of the country of publication, as long as the material satisfies 
the criterion of generality of concepts. However, as stated above. we 
believe that the presentation and testing of factual material should also be 
part of the educational process, especially when the facts serve as examples 
which help make a general concept more specific. Thus, it is both feasible 
and proper to improve the balance, throughout the whole Syllabus, between 
U.S. and Canadian examples of general insurance concepts. 

We also believe that some fact teaching and testing is necessary as we 
educate future actuaries. Rather than including a separate track with 
Canadian content for Canadian students, we believe that all casualty 
actuaries should study the same material and take the same set of 
examinations which would qualify them to practice in North America. All 
that would be required from a practical point of viev vould be the 
establishment of a minimum amount of factual information which vould satis 
Canadian needs and U.S. needs and the development of that material to the 
extent that current materials are insufficient. 

fY 
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Associateshiu vs. Fellowshin Examinations 

The Syllabus for Associateship should have the general objective of 
developing an ACAS who is competent technically to practice ratemaking and 
reserving. This vould include the folloving Syllabus subjects: 

--mathematical foundations 
--property/casualty coverages and operations 
--risk theory 
--economics 
--finance 
--ratemaking 
--individual risk rating 
--reserving 
--accounting 
--insurance rate regulation 

The following subjects would be covered in the Fellovship Syllabus: 

--more advanced treatment of certain of the above subjects 
--statutory insurance 
--reinsurance 
--valuation 
--insurance law and regulation 

The Syllabus should have the general objective of developing an FCAS who 
has a solid knowledge of the core areas of the profession. 

Communication Skills 

Communication skills have been identified as vital to the success of 
future actuaries. The application of these skills will run the gamut from 
inter-office memoranda to presentations before Congress. While the 
importance of communication skills has been recognized for many years and 
discussed numerous times at Syllabus Committee meetings, the consensus has 
been that this subject is not suitable for the examination process vith its 
emphasis on self-study. 

Reexamination of the subject in the light of the actuary of the future 
has convinced us that this subject may be too important to be left to 
individual development. We therefore recommend a three-pronged approach to 
the subject. 

(1) The Syllabus Committee should investigate the feasibility of 
adding to the exam syllabus the subject of Argumentation: the 
presentation of ideas in a logical and persuasive manner. 

U-1 Exam questions offer an opportunity to test actuaries’ 
communication skills. The Examination Committee should be 
encouraged to develop essay questions which not only test facts 
and concepts, but the ability to present these ideas clearly. A 
statement to that effect could be put in the Syllabus. 
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We would also raise the question as to whether our examination 
process in general, with its emphasis on short answer and multiple 
choice questions, is effective in emphasizing communication 
skills. This question is more properly a question for the 
Examination Committee and the nev task force on Educational and 
Testing Methods. 

(3) The Continuing Education Committee should consider the feasibility 
of offering a regular seminar on communication skills. Ideally, 
this would be taught by experts in the field, who would structure 
the seminar towards presentation of technical subjects such as 
actuarial analyses. 

Management Skills 

We have identified these skills as important to many future actuaries. 
Hovever, given the volume limitations of the Syllabus, it is impossible to 
cover everything that would be valuable for actuaries. There has to be a 
prioritization. In addition, the Syllabus may not be the best place to 
teach this subject. There are a variety of courses already available on the 
subject vhich are taught by experts in the field. Many employers offer such 
courses to their actuaries as well as other employees who are potential 
management candidates. Given an already crovded Syllabus, with indicated 
new material on finance and other subjects, we have concluded that this 
subject should not be added to the Syllabus at this time. However, due to 
its importance to future actuaries, ve recommend that it be considered by 
the Continuing Education Committee as soon as possible. 

Professional Standards 

Should the educational process for the actuary of the future include the 
topic of professional standards, including ethics7 We believe that an 
emphasis should be placed on the need for professionalism. Therefore, we 
believe that no actuary should attain the Associateship designation vithout 
studying the Guides to Professional Conduct. This topic need not be a ; 
direct part of the examination process. A special seminar or a session at 
the CAS meeting are two possible arenas for presentation. In addition, as 
Statements of Principles and/or Standards of Practice are promulgated, we 
believe they should be strongly considered for addition to the Syllabus. To 
the extent they are not added to the Syllabus, they should be considered as 
part of the special seminar for new Associates. 

Develooment of Syllabus Materials 

A review of educational issues would not be complete vithout discussion 
of the quality of the educational materials currently on the Syllabus and 
the development of readings in the future. While the quality of much of the 
current educational material is excellent, it is recognized that the 
material is voluminous and repetitive in many areas. An obvious solution is 
the replacement of outdated and general readings vith study notes or 
articles specifically tailored for CAS students. We have tried for several 
years to encourage the vriting of these study notes and have, together vith 
the Committee on Research, published lists of topics for which papers are 
needed. To date, we have not met with much success in this area. An 
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alternative, which will be attempted in 1989 will be to form a subcommittee 
of the Syllabus Committee which will identify specific materials needing 
updates or replacements, in priority order, and attempt to identify and 
encourage prospective authors. In addition, with the success of the CAS 
Textbook Committee on Foundations of Casualty Actuarial Science, this 
committee could be continued to work on some of the most important papers. 

Summary 

In summary, the actuary of the future will have a broader role, both 
vithin the property/casualty industry, and will expand into other areas 
outside the traditional insurance industry. To be prepared to meet these 
increased challenges, we must establish a solid educational program which 
provides the actuary of the future vith an intellectual core of knowledge in 
applied mathematics, economics, finance, risk theory, and the property/ 
casualty insurance business. 

The educational process which will be required in order to achieve the 
necessary results should: 

--include both mathematical and non-mathematical subject matter 
throughout the entire educational process 

--provide the student vith both factual information as veil as 
conceptual perspectives 

--endeavor to include one track of study material and examinations 
which would provide the training needed for both Canadian and U.S. 
actuaries to practice in North America 

--include communications skills through a combination of Syllabus 
material, examination structure and Continuing Education Seminars 

--present management topics in a continuing education format 

--include the study of all published Statements of Principles 
and Standards of Practice: and 

--require the study of the Guides to Professional Conduct as a 
prerequisite for the Associateship designation 

--strive to maintain a Syllabus of updated readings tailored for 
CAS students 

In addition, there must be greater coordination of the Educational and 
Examination Committees in order to effectively meet these challenges. By 
meeting all of these goals, the actuary of the future vi11 be prepared to 
face the ever broadening role that we foresee. 

The Appendix, vhich follows, provides a detailed description of the 
subjects that are currently on the Syllabus that should be included or 
deleted in the future, as well as any new subjects which should also be 
included. There is also a brief discussion of subjects considered for 
inclusion but not recommended. 
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Recommendations 

Based on the report and the detailed Appendix, we recommend the 
following actions be taken: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

The subjects for inclusion and deletion to the Syllabus as set 
forth in the Appendix should be evaluated and incorporated into the 
Syllabus by the Syllabus Committee over time in an orderly fashion. 

In 

a) 

b) 

Cl 

dl 

particular, the following major changes are recommended: 

Elimination of Operations Research as a separate examination 
part. 

Earlier examination treatment of Property/Casualty coverages. 
operations of insurance companies and introductory basic 
material on ratemaking and reserving. 

Move Forecasting to an Associateship topic 
e.g. inclusion vith Applied Statistics. 

Addition of Finance 

The Continuing Education Committee should be asked to consider 
communication skills and management skills as subjects for 
seminars, meeting topics, or other appropriate forums. 

The Examination Committee should consider the question of how 
communication skills can be most effectively tested in the 
examination process and evaluate whether our current examination 
structure places appropriate emphasis on these skills. 

The Syllabus Committee should investigate the feasibility of adding 
to the exam Syllabus the subject of Argumentation: the 
presentation of ideas in a logical and persuasive manner. 

A seminar or a session at a CAS meeting on the Guides to 
Professional Conduct should be added to the requirements for an 
Associate of the Society. 

Additional Canadian content should be added to the Syllabus to 
provide a balanced single track of examinations. 

The Syllabus Committee should continue its efforts to develop 
additional study notes and other materials specifically tailored 
for actuarial students. The Syllabus Committee would identify 
needed material and work with the VP--Development to get the 
necessary material produced. 
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Appendix 

SYLLABUS REVIEW 

I. Subiects for Inclusion 

A. Mathematical Foundations 

1. Calculus--The equivalent of a one year calculus course should be required 
of all CAS students. 

2. Linear Algebra--Students should know enough matrix algebra to solve 
systems of linear equations and understand the matrix formulation of 
multiple regression analysis. 

3.4. Probability and Statistics--The level of the current Part 2 is 
appropriate. It should be noted that relevant statistical evaluation is 
part of the later exams. 

5. Forecasting--The student should master simple and multiple linear and 
non-linear regression, as well as some time series methods and Delphi 
methods. Fitting of models, testing goodness of fit, testing for failure 
of regression assumptions, and measuring possible deviations from 
forecast values should all be mastered. We recommend that a joint CAS/SA 
Committee reevaluate the Part 3 Intermediate Business Statistics course 
to see if forecasting could be included. 

6. Numerical Analysis--Numerical methods of integration, minimization, 
graduation and curve fitting, and solving systems of non-linear equations 
should be learned. We believe this Part 3 exam should also be 
reevaluated by a joint committee to make it more relevant for actuaries. 

7. Theory of Interest--A basic introduction: simple and compound interest: 
present value and discount; force of interest; perpetuities; continuous 
and varying annuities; unknown rate and time, is enough for the initial 
exam on this topic. More advanced material, such as internal rate of 
return and the valuation of bonds, stocks, and options should be part of 
the new Finance subject. 

8. Credibility Theory--A thorough grounding in credibility theory should be 
included. In addition, students should learn how to estimate 
credibilities from data, including the case of unequal cell sizes and 
model testing. 

9. Loss Distributions--Frequency, severity, and aggregate loss distributions 
should be studied, including estimation of parameters by maximum 
likelihood in cases of complete and limited (grouped, truncated, 
censored) data, estimation of confidence bands for the probabilities 
using the information matrix, calculation of aggregate moments and 
probabilities from frequency and severity distributions by practical 
computer methods, and calculation of excess probabilities and costs. 
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B. Prouertv/Casualtv Coverapes and Operations 

A-2 

1. Coverages--Before analyzing a body of data (vhether for ratemaking, loss 
reserving, etc.), the actuary must know the parameters defining that body 
of data. A key parameter is the coverage applicable. The 
characteristics of the data may vary substantially depending upon the 
line of insurance and the coverage provided by the insurance contract. 
It is critical that the actuary understand the different coverages and 
the exposures to loss that these coverages were designed to address. 

2. Operations (Underwriting, Marketing, Claims)--In order to understand the 
insurance business, the actuary must have a knovledge of the 
underwriting, marketing and claims functions. The actuary must 
understand hov changes in these functions may impact data used for 
ratemaking, loss reserving and other analyses. 

C. Risk Theory 

As risk (uncertainty) is an integral part of ratemaking, reserving, etc., the 
actuary must be able to apply appropriate techniques for addressing risk. 
Furthermore, the actuary as a member or observer of a corporate structure must 
appreciate financial risk. In general, the actuary should knov the kinds of 
risk and the ways in which they can be handled for property/casualty 
insurance. 

Specific subjects that should be covered include: frequency and severity 
distributions: Poisson processes, compound Poisson processes, and diffusion 
processes: calculation of aggregate loss moments and probabilities; 
calculation of excess loss percentages; probabilities of adverse deviation 
over a time period: premium calculation principles. 

D. Economics 

In projecting or developing data, the actuary must estimate the impact of 
inflation and other economic factors on the data. Consequently, the actuary 
should understand the principles of economics and how a competitive economy 
functions, particularly its impact upon the insurance industry. The specific 
topics which should be included in the Syllabus are: 

--supply and demand (on a macroeconomic and microeconomic basis) 
--price, utility, costs and competition 
--consumption, investment, fiscal policy and inflation 
--money, interest rates and deficits 
--exchange rates and international finance 

E. Finance 

A subcommittee of the Syllabus Committee has identified several Finance topics 
which are appropriate for inclusion in the Syllabus. These include: present 
value, opportunity cost of capital, risk and return, internal rate of return, 
capital asset pricing model, options, analyzing financial performance, valuing 
risky debt, mergers, and international financial management. 

Basic finance material at the Associateship level will provide a background 
for more advanced Finance material at the Fellowship level and prepare the 
actuary to pursue continuing education in financial theory. Material on 
valuation will likely be enhanced by the study of Finance topics. 
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F. Ratemaking and Individual Risk Rating 

The Syllabus should include both basic and advanced material vhich deal vith 
the topics of ratemaking and individual risk rating. The papers should present 
comparisons of various ratemaking and individual risk rating techniques in 
order to help the candidiate learn how to evaluate and select appropriate 
techniques for a given problem. In addition, there should be more technical 
material which should prepare the student to deal with a vide range of 
problems, including those for which there are not generally recognized 
solutions. 

The topics which should be part of the Syllabus should include: 

1. Ratemaking 

--general principles of ratemaking 
--loss development, trend, credibility 
--classification ratemaking, including risk classification 
--excess and deductible ratemaking, and 
--data for ratemaking 

2. Individual Risk Rating 

--experience rating 
--retrospective rating 
--schedule rating, and 
--composite rating 
--merit rating, dividend plans, loss rating 

G. Reserving 

An actuary may be expected to design and test reserving methods, should be 
familiar vith the general principles of reserving, should be able to complete 
Schedules 0 and P of the Annual Statement, and should be prepared to discuss 
such topics as: 

1. The selection and evaluation of a loss reserving method appropriate to a 
given line of insurance: 

a) For known claims 
b) For IBNR claims 
c) For all incurred claims 

2. Testing of adequacy of previous loss and loss expense reserve levels, 

3. Evaluating the adequacy of current loss and loss expense reserve levels. 

4. The identification of, and correction for, effects on loss reserves 
stemming from: 

a1 Changes in the loss climate 
bl Changes in a company’s handling of claims 
c) Data problems 
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G. Reserving (continued) 

A-4 

5. 

6. 

7. 

8. 

9. 

Special reserving problems in a line arising from: 

a) Catastrophe losses 
b) Reopened claims 
C) Policies on a claims-made rather than occurrence basis 
d) Fidelity and Surety IBNR 
e) Credit insurance 
f) Late recorded premiums (earned and unearned1 

The unearned premium reserve: 

a) Improving its accuracy 
b) The reserve for retrospective returns 
cl Policies on a claims-made basis 
d) Deposit premium policies 

Allocated loss expense reserves. 

Unallocated loss expense reserves. 

Statutory Annual Statement reserves. 

To support these goals, techniques other than chain ladder need to be 
covered. Chain ladder on paid, incurred, accident year, report year, 
etc. is one technique, not several. Testing the strengths and weaknesses 
of various methods also needs to be covered. Exposure based methods, 
credibility methods, curve fitting, regression methods, and fitting of 
lag distributions are examples of various methods that could be included. 
Estimation of confidence intervals for the loss liability should also be 
covered. It is appropriate to emphasize adjustments needed to react to 
changes in data and testing of reserving assumptions. The actuary should 
also be familiar with the subject of discounting of reserves and with the 
concepts of deferred acquisition expenses, premium deficiency reserves, 
dividend reserves and deferred tax liabilities. 

H. Accountins, Exuense Analysis. and Published Data 

1. Accounting 

Students should learn and be tested on accounting concepts, income 
statements and balance sheets, and the need for and methods of 
maintaining audit trails in computer based systems, and tax accounting. 
Statutory and GAAP insurance accounting should be covered in depth, and 
FASB rulings relevant to insurance issues should be studied as veil. All 
Associates should knov the U.S. Annual Statement blank, as well as major 
differences betveen the U.S. and the Canadian statements. Also, 
valuation differences and solvency standards in European statements 
should be studied, in part to understand how else it can be done, and in 
part to be able to analyze foreign reinsurance and insurance. 

2. Exuense Analvsis 

The current emphasis is appropriate, but a more up to date study of 
expenses by size of risk is needed. We also need a paper on expense 
flattening and/or other expense topics. These latter items are really 
more in the ratemaking area. 
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H. Accountine. Exnense Analysis. and Published Data (continued) 

3. Published Data 

A-S 

More rationale is needed for this to be on the examinations than for 
students to know it is there. Periodically sending CAS members a 
detailed reference list of these data sources, including what is on each. 
should be considered as an alternative to keeping this section. 

I. Statutory Insurance 

This topic includes insurance required by the government and insurance 
provided by the government. It is appropriate for CAS students to knov the 
different forms that both have taken in various jurisdictions, and the reasons 
for them. This should probably be restricted to Property and Casualty lines 
broadly construed. Students should be exposed to enough material on social 
security to evaluate the interaction between social security and Yorkers’ 
Compensation, first party Medical benefits, and third party liability 
settlements. Both U.S. and Canadian systems should be studied by all 
students, as examples of the diversity employed. Systems from other countries 
should also be reviewed and included to the extent that they illustrate 
alternative perspectives, 

J. Insurance Lav 

This subject provides a background and basic understanding of hov tort lav 
underlies and affects the insurance contract. In addition, the actuary should 
be knowledgeable about the various state and provincial laws vhich affect 
ratemaking, reserving, and other actuarial issues. 

K. Insurance Regulation 

The actuary needs to have an understanding of the system of regulatory 
controls within which the insurance business operates. The basis for 
insurance regulation is the law of the particular jurisdiction, either state, 
provincial or federal. The actuary should be knowledgeable about the purposes 
of regulation, types of rate regulation in use, and issues of concern to 
regulators. 

L. Reinsurance 

This topic continues to rate very high on interest surveys of actuaries. 
Reinsurance is crucial to almost any insurance or self-insurance program. 

The topic of excess rating, 
covered in another section. 

or the mathematics of,reinsurence pricing, is 
The Syllabus should contain sufficient material 

on the general subject of reinsurance concepts so that actuaries who are 
responsible for either assumed or ceded reinsurance operations are familiar 
with the functions of reinsurance and its purpose. 

Reinsurance plays a large role in the management of the solidity of insurance 
systems through the use of risk reduction. Actuaries should understand this 
relationship and hov the various forms of reinsurance are designed to enhance 
the viability of primary insurance programs. This subject can also be related 
to material on regulation. 

The Syllabus should not provide all material which may be of interest to 
actuaries directly working in reinsurance but, rather, should provide a 
sufficient understanding of reinsurance concepts and the development of a 
well-managed reinsurance program. 
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A-6 
I. Subiects for Inclusion (continued) 

M. 

N. 

0. 

P. 

Q- 

Valuation 

The past few years have seen increased interest in acquisitions and mergers in 
the insurance industry. This has given rise to requests for valuation3 of 
insurance companies. 

In addition, regulators have expressed more interest in the relationship of 
assets and loss reserve3 with respect to loss reserve opinions. There is a 
growing awareness of the need for actuaries to consider the appropriateness 
and the valuation of the assets as well as the proper estimation and statement 
of liabilities. 

A new section has been added to the Syllabus dealing with this topic. Future 
Syllabus material should be kept current with developments in this area. 

Investments 

While most of the major functions of an insurer pertain to the business of 
insurance, the investment of policyholder surplus and premiums is necessary to 
meet future liabilities and ultimately critical to the solvency and profi- 
tability of the insurer. The actuary must understand the importance of asset 
and liability matching and alternative investment instruments including their 
risk maturity, expected yield, and tax characteristics. 

Professional Princiules and Standards 

The actuary should have a thorough understanding of the principles, profe- 
ssional standards, and guides to professional conduct of the profession and 
the discipline process vhich enforces them. The Syllabus should include study 
of the principles and, perhaps, standards of practice of property/casualty 
actuaries. 

Communication Skills 

As summarized in the body of this report, the subject of argumentation or 
presentation of ideas in a logical and persuasive fashion should be considered 
for inclusion in the Syllabus. 

Health and Grout Insurance 

Topics covering basic ratemaking for health insurance and group insurance are 
currently included in the CAS Syllabus. Some actuaries give a very low 
ranking to the importance of ratemaking of health and group insurance. Howev- 
er, a number of casualty actuaries do practice in health related areas and it 
is felt that a basic understanding of the fundamentals of ratemaking for 
health and group insurance should be obtained. 

The articles that are on the current syllabus vhich deal vith health and group 
insurance are very outdated (1962 and 1965). It is believed that if more 
current material were found which gave a better presentation of the funda- 
mentals of health and group insurance ratemaking, then these topics should 
continue to be a part of the education of a casualty actuary. 
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II. Subjects for Deletion or Reduction 
A-7 

III. 

A. Onerations Research 

Operations Research material is and will be, less relevant to a casualty 
actuary than deemed in the past. Topics of limited relevance or applicability 
include project scheduling, dynamic programming, integer programming, and 
queuing heory. Therefore, a separate examination part on Operations Research 
should be deleted from the Syllabus. Hovever , topics such as simulation and 
decision analysis are felt to be of continued relevance and should continue to 
be included on the CAS Syllabus. 

B. Nuclear Risk 

Material on nuclear risk, including the Price-Anderson Act, have minimal 
applicability for a casualty actuary. Regulatory issues for coverages 
mandated by statute or regulation are covered elsevhere in the Syllabus with 
more relevant presentations of regulation for automobile insurance, vorkers 
compensation, and social security. Thus, specific readings pertaining to 
Nuclear Risk should be considered for deletion from the Syllabus. 

C. Eev York Insurance Law/Canadian Provincial Acts 

While the New York Insurance Law has been deemed typical of state insurance 
laws, it is felt that studying the actual statutes does not add significantly 
to the casualty actuary’s understanding of the fundamentals of regulation vith 
one exception. The exception is the rating statute which should be continued 
because of the importance of these statutes to actuarial work. With that 
exception, more value vi11 be achieved by including material which helps the 
candidate understand the fundamentals of regulation. The inclusion of 
specific state laws should be reduced or deleted from the Syllabus. 
Similarly, the details of the various Canadian provincial acts should not be 
studied except as examples of the regulatory principles. A Canadian 
ratemaking statute similar to New York would be appropriate. 

D. Life Continnencies 

The casualty actuary should have a working knowledge of the mathematics of 
life contingencies. Hovever, the scope of the material presently included on 
the Syllabus is broader than vhat is necessary for a casualty actuary. Thus, 
some life contingency topics should be considered for reduction on the 
Syllabus, e.g. life insurance reserves. 

Subiects Considered for Inclusion but Not Recommended 

Many subjects have been suggested through various channels (e.g. Syllabus and 
Education Committees, presidential addresses, regional actuarial clubs, etc.) 
for inclusion on a Casualty Actuarial Society Syllabus. Some of these 
subjects and topics include 

--General Business Management 
--Life Insurance and Pension Plans 
--Public Relations 

As FCAS’s proceeds through the various directions of their careers, business 
management and skills are usually required: public relations skills are needed 
by some actuaries; and knowledge of life insurance and pension plans is useful 
to a smaller number of casualty actuaries. However, these subjects are not 
required in the development of qualified professionals in the field of 
casualty actuarial science. Instead, these subjects may be better presented 
as part of a continuing education program offered by the CAS. 
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