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l Introduction 

The ideas for this paper were the outgrowth of considerations of 

the Construction-Protection relativity question in Commercial Prop- 

erty (Fire) Insurance. A literature search on this subject in the 

Proceedings suggests Bailey's method from Bailey & Simon's paper 

"Two Studies in Automobile Insurance Ratemaking" (Proceedings Vol. 

XLV II). 

Using that paper as a base line9 the only problem existing in 

their work is the conceptual model. Their model was either additive 

or mul-tiplicative. Because of the direct similarities between the 

basic data that we have to investigate and the mathematical statis- 

tics formulation of an Analysis of Variance prnblem~ this paper will 

purpose a model which contains both additive and multiplicative (in- 

teraction) terms. 

Section ll will develop the mathematical two-way model with es- 

timation solutions and present a statistical test for the inclu- 

sion/exclusion of the interaction term. 

Section [ll wil[ give numerical examples, one from Commercial 

Auto and one from Commercial Fire. These examples, while on small 

data sets calculated by hand, will show the ease and simplicity of 

the approach and the accuracy of the final result. 
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Section IV will extend the model to three-way classifications 

and suggest the possible extension Eo n-way modelling situations. 

Section V, the summary, will bring together all the theoretical 

and practical considerations that will justify this model under most 

situations. The topic of credibility and some possible alternatives 

will be discussed. 

II The Two-Way Model 

In any relativity problem there are a few questions to be deter- 

mined before any work can proceed. One of these questions is dimen- 

sions. Are we going to consider only two dimensions, or will we 

need three or more? In Commercial Auto, we could consider such 

things as age, sex, territory, type of vehicle, etc. all at the same 

time and use an n-way approach. 

In Con~0ercial Fire, the question was between Construction and 

Protection and a two-way classification was sufficient. Higher 

order models could be considered, although, at any time. 

A second question, is that of model specification. Will the 

model be additive? multiplicative? or some combination of both? 

Presented here is the specification of a two-way additive and mul- 

tiplicative model, for which, ultimately, the multiplicative term 

can be tested for statistical significance. 
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The object of this exercise is to estimate the relativities, 

rij , where i = I, • • . p (row effects - or a effects) and j = I, 

• . . q (column effects - or 8 effects) with the possibility of the 

interaction terms aB . .  in all cells, p is t h e  number of levels 
~J 

of the row effect as q is the number of levels of the column ef- 

fects. In the numerical example to follow, there are three Protec- 

tion groups (q = 3) and three Construction groups p = 3). T h e  ac- 

tual loss ratio data appears in Section Ill. 

The basic model for r.. appears below: 
13 

rlj = . + ~£ + Bj + s81j + eij (I) 

with the constraints 

~nij~ i = ~nij8 j J  =~ nlj~ij. =~j nijoBij =0 

in an Analysis of Variance (ANOVA) context u Is the grand mean 

or some overall base line measure, ai, 8j and oSij are the 

column, row and interaction effects, respectively and e.. is the 
13 

error term (the error term puts the equation in balance such that 

the estimates of the various terms while not exactly the 

relativities sought will vary by the "random" error term)• 

At this point, we shift away from the usual ANOVA perspective of 

trying to determine if the ~, 8, and eB terms significantly 

reduce the inherent variation or "explain" the modelling situationt 

to the estimation of the a, 8 and aB terms which are of more 

interest to us, at the moment. 
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As you can see, the constraints following Equation (I) have a 

term n.. in them. This term is a weighting factor. I have used 
tJ 

it as a surrogate for credibility in the examples to follow such 

that in the Auto data, n.. is the appropriate Earned Car years, Ij 

and in the Fire data, n.. is the premium. 

Continuing with the model, the least squares solution calls for 

the minimization of 

Z ° i~ nlj (rij - ~ - al - 8j - eSij)2 (2) 

which is the minimization of the squared error with appropriate 

weights, i.e. from (I) e21j = (~I~ - eli - Bj - ~ - a~lj) 2 

To find estimates of o, B, tl, and aB , Z must be dlfferentiat- 

ed with respect to each term and set equal to zero. Therefore: 

d._Z = 0 yields ~ - ~ nlj rlj (3) 
d ~  f ~  

Z nlj 
lj 

dZ - 0 yields ~i " E nlJ 

Z nij 
J 

o i i - ; <4) 

d__Z " 0 yields ~j = Z niJ 
dS ~ - 

~. nij 
i 

- ~ j -  ~ c5) 

d__Z = 0 yields aSij = rij - Ai- BJ+ ~ (6) 
de8 
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Because there is only one observation per cell in this analysis, 

Equation (6) will give back r.. as the estimate in all cases. 
LJ 

This situation takes the modelling approach to an illogical conclu- 

sionj and we need to back off for a second to reconsider our posi- 

tion. 

If we only consider, for the moment, the estimate given by 

~'rij 83 : ~ + &l + (7) 

we have a strictly additive model 7 and now we can consider the res- 

idual of this equation with r.. from Equation (i). Substituting 
13 

the estimates in Equation (I), and assuming a zero error, we get 

rjj - rij = ~Bij (8) 

Now define the residuals, ABij, as being equal to 

ABij " ' r e (9) = rij - ij = i6j 

where eiand 6j are the multiplicative column and row effects, re- 

spectively. 

We can • now solve th is model, and then reformulate our original 

model to get final estimates for the r..'s. The new overall model 
ij 

will be 

rij = Ai + Bj - ~ + Ei6j (lO) 

The least square solution proceeds as before for the model 

Agij = ci6 j + eij 
(LL) 
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Minimizing Z = lj nij (ABIj - ei6J)2 and differentiating and setting 

equa! to zero yields the following: 

" ~ niJ ABij6 j 

Z nlj6j2 
J (12) 

~j = Z Anlj~ i i nij 

nij Eiz 
i (l]) 

Now we 

calculated 

have a complete model for r.. and the estimates are 
~J 

from the data as follows 

U " Z nij ri~ 
ij 

nij 
ij 

(14) 

Ai " Z nij riJ BJ ~ ~i nij rij 
J 
E nij ~ nij 
J 

ci ° ~' nij ABiJ6j 6J = ~ nij ABij:i 
J 

nlJ 6J 2 ~i nlj :i2 
J 

ABij " rij - ~±- ~j+ 

it will be shown in the examples that these estimates are always as 

good as the Baily & Simon approach and there are theoretical reasons 
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to believe that a more general model, by definition, has to be a 

better approach. It is also true that under this modelling situa- 

tion the following is true 

ni Ai 
i 

° i 

Z nj ~j 

Z n j  
J - 

which is a very nice intuitive result, i.e. the sum (weighted) of 

the marginal relativities is one. 

A final consideration, is that it is possible to statistically 

test the significance of the interaction term and thereby in some 

cases reduce the complexity of the model. This tesLing I and the re- 

sults of the testing, may not always be appropriate or useful but 

they are available. 

The test, mathematically derived in the Appendix, is an "F-Test" 

with I and [(p-I) (q-I) -l ] degrees of freedom. Any standard stat- 

istical text on Analysis of Variance will clarify the above state- 

ment for the statistical novice, e.g. The Analysis of Variance, Henry 

Scheffe; John Wiley & Sons, Inc., 1959. 
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The test statistic follows: 

[,'i °','"% TM [ (15) 

When the above value is larger than the table F, the interaction 

term is said to be significant at the a - level, where (I - ~) is 

the confidence (usually 95%; therefore ~ = .05) of the test. 

III Numerical Examples 

The first numerical example is taken from Baily & Simon's "Two 

Studies in Automobile Insurance Ratemaking" (Proceedinss Vol. XLVII) 

using Merit Rating and Class as the proposed discriminate variables 

on which relativities are sought. Using their data on page 15) the 

following marries are available for our exercise. 

rij's (Cell loss ratios ÷ total loss ratio) 

Merit Rating Class 

CLass A X Y g 

[ .786 1 .016 1 .115  1 .358 
5 1.071 1 .079  1 .410  i~642 
3 1,212 1 .285 1.,450 1 ,885 
2 1.269 1.747 1.519 1.784 
4 2.050 2.192 2.412 2.853 
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Class 

! 2758 
5 64 
3 247 
2 131 
4 157 

nlj ( #  o f  Earned Car Years)  

Merit Rating Class 

X Y B 

131 164 274 
4 5 9 

16 20 38 

7 I0 22 
18 21 57 

With the above data, using Equation (14) and the subse- 

quent definitions we will proceed with the calculation of the 

r..Is. ~j 

" i~ nij rij " 1.006 

Z nlJ 
±J 

A 1 o ~ nlj rlj - 0.8584 

J 
nlj 

J 

A2 " E n2j r2j ° 1.1547 

J 
n£J 

A3 =E n3j r3j ° 1.3101 

J 
z j n3J 

A 4 = E = 1.4750 J n j r j 

E n~j 
J 

A 5 ~ ~ n5~ r5j - 2.2710 

~nsj 
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BI = ~ n i l  r l l  " 0.9007 
i 

n l l  
t 

B2 ° ~ nt2 r12 " 1 . 1 9 1 2  
- i  

• n12 

B3 ~ ~ nl 3 rl 3 = 1.2940 
i 

E n13 
1 

B~ ° ~ nit rl~ = 1.6955 
I 

E nl~ 
1 

ABij 

Class A X Y 

l .0329 -.O276 -.0314 
5 .0216 -.2609 -.0327 
3 - . 0 0 2 8  - . 2 1 0 3  - . 1 4 8 1  
2 -,I007 .0868 -.2440 
4 -.[157 -.2642 -.1470 

Finally, using an iteration procedure, 

t l  1 .046 ~1 = 
t2 1 .1858  ~2 = 
t 3 0.7623 ~3 = 
£~ 1.6931 6~ = 
~S 0.5848 

And the final solutions look like 

B 

-.1899 
-.2022 
-.I146 
-.3805 
-.I075 

0.0171 

-0.0506 
-0.0589 
-0.1862 
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Merit Rating 
Marginals 

rij 

A X Y B 

I .7710 .9907 1.0848 1.3531 
5 1.0697 1.2799 1.3729 1.6234 
3 1.2178 1.4567 1.5532 1.8577 
2 1.3987 1.5745 1.6633 1.8492 
4 2.1757 2.4266 2.5~46 2.8516 

0.9007 I. [912 1.2940 1.6955 
0.0171 -0.0506 -0.0589 -0.1862 

Class 
Marginals 

0.8584 
1.1547 
1.3101 
1.4750 
2.2710 

u = 1.006 

1.0460 

I. 1858 
0.7623 
1.6931 
0.3.B_EB_ 

Bailey & Simon showed four dgEferent models in their paper, 

using the Customary method (I), and straight multiplication (2), an 

additive model (3), and a scaled additive model (4). They used 

three measures to show the "goodness" of their models; Balance, 

Average Error, and X~ The results of the above three measures~ 

with their definitions are listed below including a fourth meas- 

ure 02 , the weighted square error, for Bailey & SimonJs four meth- 

ods and ANOVA. 

Balance " ~nij rij 

ZnlJ rlJ 

Average Error = Zni~ I rlJ -rlJ I 
Z"lj rlJ 

X 2 - K ~ £J(rlJ - riJ) 2] Where K = 20---O 

L hj J 

~2 . Zni j  ( r l j  _ ~ i j )  2 

Z nij 

Method i Method 2 Method 3 Method 4 ANOVA 

Balance 1.0103 1.0011 1.0006 0.9983 0,9999 
Avg. E r ro r  .0hOl , 031 /  .0098 .0111 0.0256 

~2 .I021 .0363 .0104 .0083 0.0276 
62 .0136 .0030 .0009 .0006 0.0020 
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When one reviews the table, it is difficult to pick a 

clearly better model from Method 3, Method 4, and ANOVA. It appears 

that for this data base, an additive and a multiplicative model, Meth- 

ods 3 and Method 49 respectively, fit the data equally well. Apart 

from this area of confusion is the ability o~ ANOVA to fit all types 

of data with equal accuracy. To further advocate this new model, is 

the ease of calculation of the estimates and the property stated ear- 

lier, that the weighted marginals sum to one, 

i 1 

1 

g n J BJ 
J =i 
Enj 

J 

A final compelling consideration is the interaction term. 

For this data se% the calculated F value is 22.AI which is signifi- 

cant at the 5% level. Therefore, statistically, an interaction term 

is appropriate and =Iso intuitive. It is very easy to believe that 

there is most likely some inte[action between Class and Merit rating. 

The next example comes from Co~mlercial Fire. 

The data and estimates follow: 
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LOSS RATIOS 

Protection 

Construction 4-8 1,9 2,3 Total 

I 
2,3 
4-6 

Total 

0.569 0.477 0.558 
0.432 0.420 0.558 
0.445 0.463 0.369 

0.474 

Relative Loss Ratios (rij) 

1.200 1.006 [.177 
. 9 [ [  .886 1.177 
.939 .977 .778 

Premiums (nij) (in millions o~ dollars) 

320.4 54.2 37.5 
6 7 7 . 0  62.7 100.2 
194.3 17.1 40.9 

EstEmates: : 1.000 ~l = 0.993 
6l = 1.172 ~2 : 0.946 
62 = 0.gal B3 : [.086 
A 3 = 0.915 

ABij 

.035 -.112 -.081 
-.023 -.001 .150 
.031 .116 -.223 
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~l : -3.4738 
£2 = 4.2795 
~3 -6.2127 

~1 : - . 0 0 6 0  
~ : .oo35 
63 = .0340 

-Protection 
Marginals 

hi 

4-8 1,9 

| [.186 1.106 
2,3 0.908 0.902 
4-6 0.945 0.839 

0.993 0.946 1.086 
~j -0060 .0035 0340 ! 

F = 15.83 

I Construction 
2,3 Margins Is [ i 

1.140 I I.|72 -3.4738 
1.173 0.94! 4.295 
0.790 I 0.915 -6.2127 

I 

The X 2 for the above data is proportional to I~0t69570. Us- 

ing a mult{pI[cative model for the Bailey & Simon approach results 

in a X ? proportional to 5,994,534. 

The F value (F = 15.83) is statistically significant even for 

this small data set. Thereforet the interaction term has remained, 

which is theoretica[ly pleasing. 

IV Three-Way Classification 

The above two-way classification model can be extended to an 

n-way model, with perhaps reasonab|e complications in the mathemat- 

ics. Presented here, are the assumptions and estimates for a reduc- 

ed three-way Classification ANOVA model. 
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With a two-way model, the interaction term is fairly straight 

forward. In a three-way model there are avallable three, two-way in- 

teraction terms (pair-wise) and a single three-way interaction term 

in the complete specification of an ANOVA Model. Since our objec- 

tive is to find "good" estimates of the relativities (rijk) , we 

can imbed all of the different types of interactions into a single 

interaction term. This being the case, the model is as follows: 

rlJk = " + ~i + 8j + Yk + eSTiJk + eiJk (16) 

with the constraints 

nljka i = ~ nljkB j - ~ nijky k = Ea8, ~jk nijk = ~eB~ljk nljk " E~lJk niJk = 0 
i j k i J k 

Using the least squares estimation technlque here as in the two-way 

model, the following estimates result: 

Ai " ~ niJk rijk BJ ° i~k nijk riJk 
J k 

nij k ~ nlJk 
Jk ik 

Ck " ~ niJk rijk ci = ~k ni0k zijk 6jCk 

nij k % nlj k 6j2 Ck 2 
iJ J k 

6J " i~'k nijk ZiJk el~ k Sk ° E niJk ZiJk ei6j i] 
nlj k %2 ,k~ i~ nilk ztjk el2 6/ 

z ± j k  ° q j k  - Ai  - f~J - c k  + 2 .  
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The above estimates, while not impossible, are more difficult 

to accomplish by band than the two-way model, and the agony will in- 

crease with n, the number of dimensions. Conceptually an n-way 

model is a trivial extension from the above. I ~ould advocate using 

only one interaction term for the same reasons as associated with 

the three-way model. 

V Summary 

The ANOVA model has shown in the Fire data its clear-cut su- 

periority as measured by the X 2 statistic of the Baily & Simon pa- 

per. With the Commercial Auto data, ANOVA was at least as goodp but 

perhaps had a much better conceptual base. 

In both examples, using the weights (n.'s) tends to mlti- 
t3 

gate credibility considerations, since the weights were chosen to be 

surrogate variables for the credibilities. 

The ANOVA model is much more general, allowing for an n-way 

classification and with the test statistic a reasonable way to test 

the construction and formulation of the model. 

The two-way model has been accepted by ISO, having been approved 

by the appropriate con~nittees, and is currently being used by them for 

Constructlon-Protection relativities in Commercial Fire Insurance. It 

has been tested by an Ad-Hoc Subcommittee of ISO and, at least for Fire, 

has lived up to expectations. 
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AI'I'I':NI) I X 

TEST OF SIGNIFANCE OF INTERa\CTION TERH 

The basic model is 

rij = ~ + a i + Bj + aBij + eij (1)  

w i t h  ~ n . . a .  = ~jn . . f t .  = ~n..a8.. = ~ n . . ~ B . .  = 0 as constraints. 
i ~J ~ j IJ J i IJ 13 j 13 Z3 

We would like to make a stalement about the significance of the 

interaction term (aB..) that has been previously been estimated in the 
i] 

body of the paper. Therefore, let's try the following definition for 

~ B . . :  
13 

o f f . .  = x r . 6 .  (2)  
i i  i ] 

Under this formulation, we will attempt to test whether or not, sta- 

tistically, that i is equal to zero, thereby forcing our conclusion 

about the interaction term, ~Bij. 

Our ultimate objective is an F-test on the sum of squares of k 

(SS~) which will be a comparlson of that sum of squares to the remaining 

or b a l a n c e  sum of  s q u a r e s  ( S S B a l a n c e ) ,  m o d i f i e d  of  c o u r s e  by t h e i r  a p -  

p r o p r i a t e  d e g r e e s  of  f reedom ( d . f . ) .  These  c o n c e p t s  and terms can  e a s i l y  

be found in a standard statistical text dealing with Analysis of Variance. 
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Given Equation (2), we can now modify our model, wlth the ap- 

prlate constraints of Eq. (1), to be 

rij = u + a i + 8j + Xci6 j + eij (3) 

To find a "least squares" estimate for I, define Z Co be the 

following 

Z = Z _ , _ al _ 8. i _ ~ci61)2 (4) iJ nij (ri~ 

assuming ~i and 8j are known. We now differentiate Z and set it 

equal to zero and solve for I. 

dZ 
d--~ "= - 2 lj ~ nij (rij - ~ - ei - ~j - lcl6J)" " (ci6j) = 0 

=i~jnijci~j (rij - u - a i - 8j) (5) 

i~j¢126j2nij 

Now c o n s i d e r  [he sum of  s q u a r e s  fo r  t he  w e i g h t e d  i n t e r a c t i o n  t e r m ,  

a 8 . .  u s i n g  t h e  d e f i n i t i o n  from ( 2 ) .  
13 

l~°aijTnij = A2 ~.:128~ 2 nij (6)  
lJ 
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If we substitute our estimate of I from (5) into (6) we have 

nij°Sij2 = [i % nijEi6 j (rij- U- e i - Bj)] 2 
ij 

nijei26j2 
lj 

(7) 

Furthermore, since we do not know hi, 8j, E i or 6j, if we put 

their estimates into (7) we have 

SS~ ~ ijE nij~Sij 2 = [~. nij~i~jABi ~J 2 (8) 

Z nij£iz~j 2~ 
lj 

where the needed estimates are found in section II of the paper. 

The final F statistic will take the form 

SSA/d.[. 

SS B a l a n c e / d . f .  

where the deg rees  of freedom ( d . f . )  f o r  SSA are  1,  and fo r  SSgalance 

is [(p-l) (q-l) - I] . W .... d to define SSBa I .... now. 

~:at we are really doing here is looking at the residual sum 

of squares after fitting the additive terms and seeing if further, 

significant reduction can be made by fitting an interaction term. 

Tile r e s i d u a l  sum of squares  (SSResidual )  is 

SSResidual = .~. nij (rij - ~ - ~i - ~j)2 (9) 
ij 

E nijABij 2 
ij 
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If we reduce this by SS% we have the balance, left unexplained 

or SSBalanc e. Subtracting (8) from (9) yields 

SSBalance = ZnijAB~j -[~, nij£i6jABij] 2_ 

~. nij~iZ~J 2 
13 

Znijci26j 2 

Now dividing by the appropriate degrees of freedom and taking the 

ratio of SSx/d. f .  to SSga lance /d . f .  g ives  us 

~ - -  O.-l~ ~-l~ -1] [~ o~.~l~.~.i.]. .. 3 3 J 13 

Ei~j n'AB''2'rZII Ij JLiJ nij~izsj2J -[ ~ nljEi6jABij] z 

which has a standard F distribution and can be compared to any 

table of F-values in any standard statistical text. 
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RELATIVITY PRICING THROUGH ANALYSIS 

OF VARIANCE 

by CARL E. CHAMBERLAIN 

Reviewed by DANIEL C. GODDARD 

Mr. Chamberlain's paper is the first in years to address the 

problem of calculating class relstlvltles for a two-way (or n-way) 

classification system. He proposes a new model that offers more 

flexibility (and more complexity) than previous ones. Essentially, 

his approach is to fit an additive model to the data, and then fit 

a multiplicative model to the residuals. As he explains, this ap- 

proach is suggested by Analysis of Variance theory. 

I have a few technical comments on Chamberlain's model. I 

also will discuss some problems with the model fitting approach 

in general, which suggest some areas for future research. 

In fitting the additive model, Chamberlain minimizes 

z=~nij(rij - ~ij) 2 

i,j 

which is "the squared /~bsolute7error with appropriate weights." 

For nij , he uses exposure in one case, and premium in another. 

Bailey and Simon, in "Two Studies in Automobile Insurance Rate- 

making" (PCAS XLVII,1960) suggest minimizing 

i,j ~ rij 

Here nij is exposure; so nij~ijis proportional to the expected losses. 

Their formula amounts to the squared relative error, weighted by 
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expected losses. 

The choice of absolute or relative error is probably a toss- 

up. But I believe that expected losses are clearly the better 

choice for weights. Using just exposures can bias the results. 

In Chemberlaln's auto example, Class iA accounts for 66% of the 

exposure but only 52% of the losses. 

Also, Bailey and Simon are minimizing Chi-squared, which is 

used to test how well the model fits. So, their approach will 

always do better than Chamberlain's on the Chi-squared test. Min- 

imizing Z does have one practical advantage in the additive case, 

however. The equations can be solved explicitly, while minimizing 

X 2 requires an Iterative approach. 

An important purpose of the weights is to act as a "surrogate 

for credibility". Bailey and Simon explain why expected losses can 

be used to reflect the relative credibility of the squared error. 

This is based on what Insurance Services Office in their research 

calls classical credibility (characterized by a fixed standard for 

full credibility, and a square root formula for partial credibility). 

However, I question whether this weighting really does replace 

credibility. Consider what happens if we apply any of the models - 

additive, multiplicatlve, or Chamberlain's - to a one-way classifi- 

cation system. Consider Bailey and Simon's equations (6) or (9), 

or Chamberlain's (14) for the case where j has only one value (i.e, 

A 
the data has only one colun~n). They all reduce to r i = ri. There 
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is no use of credibility left here. The accepted solution for the 

is~ i = Zr i + (l-Z) r, where Z is the credibility, problem one-way 

and r is the value for a larger group. So, our models for n-way 

class relatlvlties do not work for the special case of n=l, It 

appears that the weighting by expected losses functions as credi- 

bility only to the extent that there are interactions between the 

dimensions. We are not really using the weighting as a surrogate 

for credibility; the surrogate is actually the structure of the 

model which defines the interactions we will consider, In other 

words, we decide on a model and data is "credible" to the extent 

that it fits the model. 

To get a further sense of what is happening, let us look at 

the foL~r criteria Bailey and Simon give for an acceptable set of 

relativltles: 

Criterion t .  

Criterion 2. 

Criterion 3. 

Criterion 4. 

I t  shou ld  r e p r o d u c e  the  e x p e r i e n c e  fo r  
each c l a s s  and m e r i t  r a t i n g  c l a s s  and 
a l s o  the  o v e r a l l  e x p e r i e n c e ;  i . e . ,  be 
b a l a n c e d  for each class and in total. 

It should reflect the relative credibility 
of the various groups involved. 

It should provide a minimal amount of de- 
parture from the raw data for the maximum 
number of people. 

It should produce a rate for each sub- 
group of risks which is close enough to 
the experience so that the differences 
could reasonably be caused by chance. 
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In the one-way case, balance is taken care of with a balancing 

or "test correction" factor; it is not a consideration in calculat- 

ing the relatlvities. In the two-way ease, balance for each class 

is desirable to insure the'~odel structure is reasonable, but it 

assumes each class is fully credible in total. 

Where criterion 2 calls for reflecting the relative credibil- 

ity of the groups, criterion 4 in effect calls for reflecting the 

absolute credibility of each class. These are familiar criteria 

in the one-way case; in fact, they are the only ones used. 

Criterion 3 is a test of how well the model fits. It is irrel- 

evant in the one way case, because we assume no model. So, as we 

go from the one-way case to the two-way, we add an important and 

fundamental assumption: there is some rational structure to the 

interactions between the classes. Do we need this assumption? Should 

we make it? Presumably~ we are trying to get the best estimate of 

each rij. So why not calculate the classical credibility Zij for 

cell ij, and then 

r q j  = Zi j  r t j  + (1  - Zi j  ~ r 

There are at least three problems with this formula. First, we 

need a standard for full credibility. This has been discussed exten- 

sively elsewhere. 

Second, what do we use for r? If we set r=r,. (using Bailey 

and Simon's notation) we are ignoring the information we have about 

other risks in row i or column j. We have reduced the problem to 
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a one-way classification scheme. Another choice is to use some 

combination or average of ri. and r.j. This is what the NCCI 

does with the national relativity and the pure premium on level 

in computing their class relatlvlties. 

Third, the classical credibility is independent of our choice 

of r. This Is one of the chief arguments for Bayesian credibility. 

However, Bayesian credibility has only been developed for the case 

where each class is a member of only one group. That is, it is 

just for 'a one-way classification scheme. ISO has done consider- 

able work on how to group classes where there are several different 

criteria that could be used. They have suggested using multi-dlmen- 

sional scaling to reduce all the criteria to a one-way scheme. 

16 appears what we need is a multi-dimenslonal credibility 

theory (which I will leave to more mathematical actuaries than me 

to develop). Such a theory would solve lSO's grouping problem; it 

would give us the best estimate for each class relativity; and it 

would avoid having to guess at an appropriate structure. 

There arepractlcal problems with such an approach. A set of 

relatlvitles so calculated would have to be published as a table, 

not as a few parameters and a formula. In some cases this is no 

hardship. In Chamberlain'a property example, he used twelve para- 

meters and a fairly complicated formula to fit e table of nine 

numbers. Other cases are not so easy. For example, multi-dlmenslon- 

al credibility would give us a different set of class factors for 
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each auto rate territory. Apart from adding many pages to the 

rating manual, such a change would require major changes in most 

automated systems. So, we would probably want £o select one or 

two sets of class factors that are "close enough" for most terri- 

tories. In other words, we would fit a model to simplify the 

structure. Having already credibility weighted the data, we can 

attribute any residual error to the choice of the model. The 

present procedure cannot distinguish between errors due to the 

choice of model, and errors due to statistical fluctuations in 

the data. 

This leads to a new perspective on Chamberlain's model. We 

start by assuming that there is a pattern to the relatlvities, and 

our estimates should reflect as much of this pattern as possible. 

So, we start by fitting a flrst-order additive model. We then test 

whether a second-order maltiplica rive model shows any significant 

remaining pattern in the residuals. In theory, we could go on fit- 

ting higher order models, until the F value is no longer signlfl- 

caot, In practice, wlth the size of the data eels usually encount- 

ered, [ would expect two stages to he sufficient. This procedure 

should extract the maximum possible pattern from the data, in the 

same sense that polynomial stepKdlse regression does for a time 

series. Just as with polynomial stepwlse regression, Chamberlain's 

procedure does not necessarily give the simplest or most efficient 

model. And the fact that it detects a pattern is no assurance that 
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the pattero is reasonable. 

This brings me back to my main point. Our procedures for two- 

way relatlvltles are based on a very different point of view than 

those for one-way relatlvlties. I believe we need a multl-dimenslon- 

al credibillty theory to reconcile the two. 
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Until the present time, the great majority of actuarial study and 

literature in the ratemakiog area has revolved around analyzing and 

q u a n t i f y i n g  the loss component o f  the insurance r a t e .  Actuar ies  have 

evolved an e labora te  system in which losses are t rended, developed and 

credibility weighted, and in which premiums are placed at  c u r r e n t  rates 

or at least  cu r ren t  ra te  l eve l s .  At the same time, ac tua r ies  have 

v i r t u a l l y  ignored the expense p o r t i o n  o f  the insurance ra te ,  p r e f e r r i n g  

to t r e a t  expenses as a const~ant percentage o f  premium. Current  economic 

I 
and p o l i t i c a l  cond i t i ons  are f o r c i n g  s reeva lua t i on  o [  t h i s  s i m p l i s t i c  

approach towards expense allocation. Consumer groups have charged that  

cu r ren t  expense a l l o c a t i o n  procedures are d i sc r {m ina to r y  t and insurance 

companies are a t tempt ing  to improve t h e i r  p r i c i n g  p o s i t i o n  through the 

development of  r a tes  which more accu ra te l y  d i s t r i b u t e  the costs o f  doing 

business. 

In  t h i s  paper we sha l l  take a look at the expense p o r t i o n  o f  the 

insurance ra te .  We sha l l  examine the pros and cons o f  the t r a d i t i o n a l  

treatment of expenses and shall consider some alternate methodologies. 

Our focus will be on the personal lines; Automobile and Homeowners. At 

the same time, many of our conclusions and observations can he extended 

to other lines of insurance. 

This paper does not attempt to answer all of the questions regarding 

expense a l l o c a t i o n ,  Rather,  i t s  i n t e n t i o n  is to lay a general  foundat ion 

upon which s p e c i f i c ,  de ta i l ed  expense f l a t t e n i n g  procedures can be b u i l t ,  
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Propor t iona l  A l loca t ion  vs .  Expense F l a t t en in~  

The t r a d i t i o n a l  approach cowards t r e a t i n g  expenses in raCemaking is  what 

we s h a t l  r e f e r  to  as p r o p o r t i o n a l  a l l o c a t i o n .  Under t h i s  approach a l l  

u n d e r w r i t i n g  expenses are c o n s i d e r e d  to  v a r y  a b s o l u t e l y  w i t h  the premium 

r a t e .  

G i v e n :  = R n the race f o r  a r i s k  o f  a s p e c i f i c  c l s s s  = n 

L n = the u n d e r l y i n g  pure premium ( i n c l u d i n g  a l l  loss  

expense)  

E n = the p r o v i s i o n  f o r  u n d e r w r i t i n g  expenses in  R n 

= Then: R n Ln * ~n (I) 

And: En/R n is  assumed t o  be c o n s t a n t  f o r  e l l  n 

We s h a l l  d e f i n e  expense f l a t t e n i n g  to  he any a l l o c a t i o n  p rocedu re  in 

which some or a l l  o[  the underwr i t i ng  expense p rov i s i on  is considered to 

be independent o[ the f i n a l  r a t e .  S p e c i f i c a l l y ,  most proposed r a t e  

s t r u c t u r e s  which i n c o r p o r a t e  expense f l a t t e n i n g  can be d e f i n e d  as f o l l o w s :  

= Ln ÷ e + e R'n n 
(2 )  

e n = the variable expense provision (i.e., 

en/R n is a constant [or all n) 

e = a f l a t  expense l o a d i n g  which is  c o n s t a n t  [ o r  a l l  n 
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Of c o u r s e  t h i s  fo rm i s  o n l y  a s i n g l e  r e p r e s e n t a t i v e  i n  a w i d e  s p e c t r u m  o f  

p o s s i b i l i t i e s .  There is no reason to assume chat  e l l  expenses w h i c h  do 

not vary by premium should be loaded as a flat charge by exposore, It is 

quite conceivable, for example, that many underwriting costs will vary by 

territory but remain constant for other classifications. 

In their most complex form, the rates resulting from a flat allocation 

system would look something like this. 

= 
R' n Ln + en * el + e2 +...+ex + e (3) 

e I , e2,...e x expense loadings which vary.according 

to some identifiable characteristic 

Each of the subscripted e's represents an expense component which may 

vary on a risk by risk basis. For example, if certain overhead costs 

were found to be twice as large in one territory as in another, those 

costs might be assigned to variable e I which would be defined as 

f o l l o w s :  

e I = f ( t )  x 0 

0 = t h e  o v e r h e a d  l o a d i n g  

t = t e r r i t o r y  

f ( t  l )  = I 

f ( t  2 )  = 2 
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Not ice  tha t ,  in theory  at l eas t ,  e l ,  e 2 t . . . e  x do not have to be 

c a t e g o r i z e d  a long  the  same l i n e s  as the  pure premium. D i f f e r e n t  

t e r r i t o r y  d e f i n i t i o n s  may be employed and e n t i r e l y  d i f f e r e n t  c l a s s e s  may 

be r ecogn i zed .  Even in  cases  where the v a r i o u s  e ' s  change in  accordance 

with normal r a t i n g  c l a s s i f i c a t i o n s ,  t h e i r  r e l a t i v i t i e s  ( d e f i n e d  as f ( t )  

above)  need not  be i d e n t i c a l  to  the pure premium r e l a t i v l t i e s .  In the 

above case ,  fo r  example ,  the pure premium r a t e  fo r  t e r r i t o r y  2 i s  not  

n e c e s s a r i l y  twice  t h a t  of  t e r r i t o r y  I .  

P r a c t i c a l  c o n s i d e r a t i o n s  w i l l ,  of  c ou r s e ,  l i m i t  the  a p p l i c a t i o n  of  t h i s  

ve ry  gene ra l  fo rmula .  The i n t r o d u c t i o n  of  brand new expense 

c l a s s i f i c a t i o n s  would r e p r e s e n t  a data p r o c e s s i n g  n i g h t m a r e .  Whi le  

i n t u i t i v e  judgment may i n f l u e n c e  e s t i m a t e s  of the r e l a t i v e  c o s t  of 

w r i t i n g  d i f f e r e n t  c l a s s i f i c a t i o n s ,  p r e c i s e  q u a n t i f i c a t i o n  w i l l  o f t e n  be 

d i f f i c u l t ,  i f  not i m p o s s i b l e .  In these  cases  the ac tua ry  may have to  

r e l y  to a g r e a t  e x t e n t  on pure premium r e l a t i v i t i e s  or may be forced  to  

i g n o r e  the e x i s t e n c e  o f  the d i f f e r e n t i a l s  e n t i r e l y .  Legal r e s t r i c t i o n s  

w i l l  a l so  be p laced  on the a l l o c a t i o n  o f  expense d o l l a r s  and s o c i a l  

i m p l i c a t i o n s  w i l l  p l a y  as l a r g e  a r o l e  as economic c o n s i d e r a t i o n s  in  

d e t e r m i n i n g  the exac t  a l l o c a t i o n  formula fo r  a s p e c i f i c  l i n e  of b u s i n e s s .  

It must always be remembered that regardless of the final formula chosen 

f o r  l oad ing  expenses ,  we are r e a l l o c a t l n g ,  not r e e v a l u a t i n g ,  our expense 

c o s t s .  Decreases in one i n s u r e d ' s  r a t e  due to  r e a l l o e a t i o n  w i l l  be 

o f f s e t  by i n c r e a s e s  e l sewhere .  R e d e f i n i n g  the  expense a l l o c a t i o n  

p rocedure  is  not a remedy for  the h igh  c o s t s  of  i n s u r a n c e .  Th i s  may seem 

o b v i o u s  to the a c t u a r y ,  but  in the p u b l i c  forum i t  i s  o f t e n  swept under 

the  rug in the d e s i r e  to  lower r a t e s  fo r  a s p e c i f i c  c l a s s i f i c a t i o n .  The 
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p u b l i c ,  l oud ly  c a l l i n g  fo r  a change  in the  r a t e m a k i n g  methodology ,  i s  

a lmos t  c e r t a i n l y  do ing  so wi th  t h e  m i s c o n c e i v e d  i d e a  t h a t  t h i s  change 

will save  them money. In f a c t ,  the  i n s u r a n c e  compan ies  w i l l  be 

c o l l e c t i n g  the  same t o t a l  expense  d o l l a r s  but will  be requiring a few 

i n s u r e d s  to pay a s i g n i f i c a n t l y  l e s s e r  amount ~ l i l e  t h e  l a r g e  m a j o r i t y  o f  

i n s u r e d s  w i l l  pay a l i t t l e  more. T h e r e  i s  no such t h i n g  as e f r e e  lunch ,  

and in  e x a m i n i n g  the r e a s o n s  f o r  a d o p t i n g  any expense  a l l o c a t i o n  

p r o c e d u r e  i t  has  to  be k e p t  in mind t h a t  changes  which w i l l  b e n e f i t  some 

g roups  w i l l  c o n s e q u e n t l y  p e n a l i z e  o t h e r s .  

Reasons for Expense Plattenin~ 

Prior to the mid-seventies, rate changes for the personal lines of 

insurance were relatively infrequent and represented modest increases to 

account [or a modest inflation rate. ~lile rates did vary by 

classification and territory, the overall level of the insurance premium 

represented a necessary but affordable item in the household budget. 

Pronounced differences of territory and classification rates did not 

exist and overall rate levels and increases were kept to a minimal level. 

In practical terms, varying the expense loading with premiums certainly 

simplifie~ policy processing and ratemaking procedures, and as long as 

pure premium adjustments reflected inflations the collected expense 

dollars also increased appropriately. Additionally, since most expenses 

did vary directly with premiums (contmissions of 20-25% were not unheard 

of and represented the largest component of the expense loading), there 

seemed little point in devising a more complicated way of reflecting 

expenses in the premium dollar. 
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[n recent years Ilomeowners insurance rates have rentained at f a i r l y  s tab le  

leve ls ;  however~ the u n a f f o r d a b i l i t y  and lack of  a v a i l a b i l i t y  o f  p r i v a t e  

passenger automobile insurance has reached c r i s i s  propor t ions.  With 

rates skyrocket ing  and consumerism in vogue, the soc i a l  a c c e p t a b i l i t y  and 

equ i ty  of  cu t r en t  ratemaklng techniques have come under f i r e .  Many 

aspects of  the insurance mechanism are being quest ioned, whether i t  is  

r a t i n g  by a g e ,  sex,  m a r i t a l  s t a t u s  or  g e o g r a p h i c a l  l o c a t i o n ,  and the  

expense  l o a d i n g  methodology  i s  a r eady  t a r g e t  for  c h a n g e .  

The reasons for  quest ion ing the cur ren t  expense a l l o c a t i o n  procedure come 

under  two g u i s e s ;  s o c i a l  a c c e p t a b i l i t y  and f i n a n c i a l  e q u i t y .  The p r i m a r y  

impetus for expense f l a t t e n i n g  has come from groups outs ide of  the 

indus t ry  which maintain that  i t  is not " j u s t "  or " f a i r "  to assign 

d i f f e r e n t  e x p e n s e  c h a r g e s  to r i s k s  mere ly  b e c a u s e  of  e x p e c t e d  l o s s  

d i f f e rences .  I t  is argued that  the i nequ i t i es  inherent  in a p ropo r t i ona l  

a l l o c a t i o n  s y s t e m  have c o n t r i b u t e d  s i g n i f i c a n t l y  to  the  a f f o r d a h i l i t y  

t r i a l s .  I t  must be recognized, however, that  the expense d o l l a r s  

c u r r e n t l y  s u b j e c t  to f l a t t e n i n g  r e p r e s e n t  a r e l a t i v e l y  smal l  p o r t i o n  o f  

the  o v e r a l l  premium and t h e i r  r e a l l o c a t i o n  w i l l  not  s o l v e  the  

a f f o r d a b i l i t y  problem.  In  a d d i t i o n ,  a l t h o u g h  e x p e n s e  f l a t t e n i n g  w i l l  

o b v i o u s l y  b e n e f i t  urban and y o u t h f u l  motor v e h l c l e  o p e r a t o r s ,  i t  i s  a two 

edged sword ~ i c h  c u t s  the  o t h e r  way ~ len  a p p l i e d  to  Homeow-ners 

insurance. The rich, surburban home owner will actually save money with 

the application of a flat expense coating technique, ~lile the urban row 

home owner will be penalized. For this latter reason consumer groups 

understandably neglect to call for similar reforms in the pricing of 
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Homeowners insurance. Thus whi le the os tens ib le  j u s t { f i c a t i o n  o f  expense 

flattening is a moral one, social activists actually advocate it only 

when i t  reduces the cost of  insurance to c e r t a i n  selected economic 

groups. There is considerable danger in p r i c i n g  an insurance product in 

r e sponse  to s o c i a l  o b j e c t i v e s ,  for  u n l e s s  t he re  i s  some f i n a n c i a l  

j u s t i f i c a t i o n  for  r e v i s i n g  p r i c i n g  p rocedures  g r e a t  harm w i l l  be done to  

the indus t ry  and, u l t imate  l y ,  to the consumer. 

Fo r t una te l y ,  expense f l a t t e n i n g  can be j u s t i f i e d  [or f i nanc ia l  reasons. 

From a pure equ i ty  s tandpoin t ,  insurers would l l ke  rates to accura te ly  

r e f l e c t  the costs of issu ing a p o l i c y .  I f  one v e h i c l e ' s  pure premium is 

three times tha t  of  another,  does that  also imply a th ree fo ld  d i f f e r e n c e  

in incurred expenses? blntchJng expenses to  p o l i c i e s  as expenses are 

incurred provides not on ly  a more accurate p r i c i n g  mechanism but guards 

against  the loss of  co l l ec ted  expense do l la rs  due to s h i f t s  in the mix of  

business, p a r t i c u l a r l y  w i t h i n  the t e r r i t o r i a l  and c l a s s i f i c a t i o n  

d i s t r i b u t i o n .  

Expense Categories Subject to F la t t en ing  

Zhe expenses associated w i th  issuing and se rv i c ing  an insurance po l i cy  

can be segregated in to  loss adjustment expenses (those expenses incurred 

to i n v e s t i g a t e ,  l i t i g a t e ,  and s e t t l e  c la ims) and underwr i t ing  expenses 

(Chose expenses incurred whi le  issuing the p o l i c y ) .  
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This paper is concerned wi th  the a l l o c a t i o n  of  underwr i t i ng ,  as opposed 

to loss adjustment expenses; however, loss adjustment expense is equa l ly  

suscept ib le  to a f l a t t e n i n g  procedure. General ly  speaking, loss 

adjustment expense is considered to vary directly with dollars of loss. 

It seems obvious that claim count also influences loss expense cost. The 

possibility of loading claims expense into the rate as a composite factor 

of frequency and severity or other alternatives leaves a vide variety of 

possibilities which are open to future actuarial study. 

While a good deal can be said for vary ing the loss expense loading as a 

f u n c t i o n  of l o s s ,  the o p p o s i t e  i s  t r ue  o f  the c u r r e n t  r a t i o n a l e  f o r  

i n c l u d i n g  u n d e r w r i t i n g  expenses  in  the r a t i n g  s t r u c t u r e  as a f u n c t i o n  o f  

pure premium. 

Commisssions, the expense dollars paid to the agents [or their efforts in 

u n d e r w r i t i n g ,  p l a c i n g ,  i s s u i n g  and s e r v i c i n g  the p o l i c y ,  have 

h i s t o r i c a l l y  been determined as a f ixed percentage o f  the [ i n a l  premium, 

Interestingly, a modification of this approach has been avoided by 

proponents of expense flattening; however, the reasons for the omission 

may be re la ted to those groups' unwi l l ingness  Co oppose the var ious 

independent agents'  assoc ia t ions  and not b e l i e f  in the equ i t y  o f  the 

current system. Differences in costs among territories (rural vs. urban) 

and in placing insurance for certain less desirable insureds certainly 

j u s t i f y  pa r t  of the commission d i f f e r e n t i a l  i n h e r e n t  in the  c u r r e n t  
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r a t i n g  s t r u c t u r e .  S t i l l ,  the p o s s i b i l i t i e s  o f  f l a t  cou~nisslons or a 

graduated scale o f  commission rates deserve fu r ther  research to determine 

an appropr ia te cost accounting charge. I t  is the op in ion o f  the authors 

that  some form of  f i a t  charge plus percentage o f  premium provides more 

equ i t y  among insureds and also provides incent ive  to the agent to place 

d i f f i c u l t  r i s k s ,  

State premium taxes are levied against  each company as a func t lon  of  the 

d i r ec t  premium wr i t i ngs  for  a given l ine  and s ta te .  The cost is passed 

on to the consumer in the same manner as the charge is levied on the 

company. This procedure is the only  way a company can ensure that  i t  

w i l l  c o l l e c t  exac t l y  the d o l l a r s  which the s ta te  w i l l  require as 

payment. While this charge amounts to an average of only 2-3X of 

premium, the expense a l l o c a t i o n  issue o f f e r s  the oppor tun i t y  for  the 

s ta tes to study t h e i r  procedures in assessing premium taxes on the 

insurance companies and in turn the insured. 

Other A c q u i s i t i o n  Expenses represent the insurance company's costs (ex 

commission) to issue a po l i cy .  Included in th is  area are adve r t i s i ng  

fees, computerized racing and po l i cy  issuance systems, postage and 

telephone charges, t rave l  expenses, sa la r i es ,  and other miscel laneous 

items. The General Expense category includes sa la r i es ,  rents ,  equipment, 

boards, bureaus and assoc ia t i on  fees, and other overhead i re ' is  in Rn 

insurance company's budget. Historically, they have averaged lO-12Z of 

the premium dollar. 
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These two c a t e g o r i e s ,  Other A c q u i s i t i o n  Expense and Gene ra l  Expense, a t e  

the  most s u s c e p t i b l e  to an a l t e r n a t i v e  form of  expense a l l o c a t i o n .  The 

b a s i c  q u e s t i o n  r e g a r d i n g  these  i tems seems to be "Do any two r i s k s  wi th  

d i f f e r i n g  pure premiums a l s o  c o s t  d i f f e r i n g  amounts  from an 

a d m i n i s t r a t i v e  expense  s t a n d p o i n t ? "  Th i s  q u e s t i o n  may be posed o f  t~o 

Ilomeowners p o l i c i e s  - a $100,000 s i n g l e  home in  an a f f l u e n t  suburban area  

and a $15,000 row home in  an inner  c i t y  a rea .  Both o f  t he se  p o l i c i e s  

u t i l i z e  i d e n t i c a l  computer r o u t i n e s  to  r a t e  the p o l i c y ,  r e q u i r e  the same 

paper  to be p roces sed  for p o l i c y  i s s u a n c e ,  and take  up computer  space to 

record  the p o l i c y  in the company's  d a t a  system, ye t  the c u r r e n t  premium 

c h a r g e s  r e f l e c t  d i f f e r e n t  amounts to pay for  t he se  ~tems. The p r i c i n g  of  

Automobi le  p o l i c i e s  fo l lows  the same p a t t e r n ,  w i th  the  h i g h e r  p r i c e d  

r i s k s  pay ing  a l a r g e  share  of  the  company's  expenses .  An age 17 

unmar r ied  p r i n c i p a l  male o p e r a t o r  w i th  a r a t i n g  f a c t o r  o f  3.50 i s  a l s o  

pay ing  3 1/2 t imes  the  d o l l a r  amount o f  an over  30 male o p e r a t o r  for  the 

g e n e r a [  expenses of  an i n s u r a n c e  company. 

The answer to t h i s  q u e s t i o n  is both yea and no. U n f o r t u n a t e l y ,  t h e r e  i s  

no c l e a r - c u t  s o l u t i o n ,  and in fac t  each company must examine i t s  own 

p o l l c y  i s s u i n g  sys t ems ,  r a t i n g  p r o c e d u r e s ,  and o t h e r  a s s o c i a t e d  overhead 

expenses  to  de te rmine  wh ich  c o s t s  are v a r i a b l e  and which a re  f i x e d .  

Many o[ the a r eas  i n f l u e n c i n g  the cos t  o f  w r i t i n g  a p o l i c y  are  s u b j e c t  to 

judgment  and i n t u i t i o n ,  and any company s t u d y i n g  the expense  f l a t t e n i n g  

i s s u e  must compromise between accuracy and p r a c t i c a l i t y .  A recen t  s tudy 
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of  expenses for  P r i v a t e  Passenger Automobile Insurance completed by the 

Insurance Services O f f i c e  concluded tha t  75Z of the Other A c q u i s i t i o n  and 

General Expenses and Miscel laneous Taxes are f i xed  whi le  the remaining 

25% are v a r i a b l e .  I t  was f u r t h e r  reconmaended that  per car f i x e d  expense 

[oadings be developed by s ta te  and coverage. Companies can be guided by 

these conclus ions but should study t h e i r  own circumstances to determine 

the appropr ia teness o f  the a p p l i c a t i o n  of  th i s  study to t h e i r  i n d i v i d u a l  

s i t u a t i o n .  

While P r o f i t  and Cont ingenc ies is construed as an item o f  expense in the 

insurance rate, the proper allocation of  profit to an insured is a 

difficult and complicated issue to resolve. A study of the concept of 

r i s k  and i t s  a p p l i c a t i o n  Co t e r r i t o r y ,  c l a s s i f i c a t i o n ,  l i m i t  and other  

r a t i n g  c r i t e r i a  is requi red before a proper de te rm ina t ion  o f  the 

apport ionment o[ the p r o f i t  and cont ingency charge can be made. The 

authors fee l  Chat such a study is beyond the scope of  t h i s  paper and, in 

f a c t ,  is wide enough in scope to be the sole top ic  of  a paper on the 

sub jec t .  With respec t  to th is  t r e a t i s e ,  we will cont inue to t r e a t  the 

p r o f i t  and cont ingency [ac to r  as a v a r i a b l e  loading in the ~nsnrance ra te .  

Once those expense ca tegor ies  which w i l l  be subject  to [ f a t t e n i n g  have 

been selected~ the actual  f l a t  expense charge is a r r i v e d  at in e 

s t r a i g h t f o r w a r d  manner, The f l a t  expense charge per exposure w~l l  be 

determined by d i v i d i n g  the t o t a l  v a r i a b l e  expenses now subject  to 

f l a t t e n i n g  by the app rop r i a te  exposure base. 
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An Example 

A company markets an insurance product which is pr iced in accordance w i th  

standard, p r o p o r t i o n a l l y  a l l oca ted  expenses. ~ e  business is segregated 

i n to  two c lasses and the f o l l ow ing  data app l ies .  

Var iab le  Class I Class 2 Total  

Exposures X 5,000 5,000 10,000 

Rate R $50 $|50 

Premium P 52509000 $750,000 $l~000~000 

Penmissible Loss Ratio PLR 60.OZ 

Allowance for :  

Gen. Expense & Other Acq. CI 13.3% 

RemainLn 8 Underwr i t ing 

Expense C2 26.7% 

Total  Underwr i t ing Expense C 40,OZ 

Actual  Loss & Loss Expense L' $650,000 

Given the above situat ion, the appropriate f la t  expense charge equals $10 

and i s  c a l c u l a t e d  a s  f o l l o w s .  ( T h i s  examp le  a s s u m e s  t h a t  75% of  a l l  

General and Other Acqu i s i t i on  expense i s  subject  to f l a t t e n i n g . )  

e ~ (.75 x Cl x P)/X = (.75 x .L]3 x Sl,qoq,o00)/lO,O00 = $1O 
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if we are revising rates as well as incorporating flat expenses then some 

sort o[ expense trending might also be appropriate. For purposes of 

illustration) we will assume that e', the trended expense charge = $12. 

At the same time a revised v a r i a b l e  expense p r o v i s i o n  is ca l cu la ted .  

C' = (.25 x Cl) + C2 = 3OZ 

Basic Ratemakin8 Techniques Using F la t  Expense A l l o c a t i o n  

We have separated those components o f  the expense loading which w i I |  be 

assigned on a p ropo r t i ona l  basis from those which w i I |  be charged using 

some type of  f l a t t e n i n g  procedure.  The problem ~ l i c h  now remains is to 

bu i l d  our rev ised a l l o c a t i o n s  in to  the ratemaking process. 

In ordec to s i m p l i [ y  our p resen ta t ion )  we sha l l  assume that the r a t i n g  

formula used fo r  f l a t t e n i n g  expenses fol lows the basic form: 

R'n = Ln + en + e (2) 

Our formulas can, however, be adapted to accept the more complex [ocm 

shown in  (ormuia  ( 3 ) .  
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Under the t r a d i t i o n a l  approach of  p r o p o r t i o n a l  a l l o c a t i o n ,  the ra tes  ~or 

a l ine  o f  husiness are developed in accordance wi th formula ( 1 ) .  In the 

i n i t i a l  stage of  a convers ion to f l a t  expenses, we uish to conver t  the 

i n d i v i d u a l  c l a s s i f i c a t i o n  r a t e s  t o  a f o r m u l a  ( 2 )  f o r m  w i t h o u t  r e v i s i n g  

t h e  u n d e r l y i n g  p u r e  p r e m i u m s  o r  o v e r a l l  c o l l e c t e d  e x p e n s e s .  This i s  

a c c o m p l i s h e d  i n  a t h r e e  s t e p  p r o c e d u r e .  

] )  Calcu la te  the pure premium under l y ing  present  ra tes 

2) Add the new [ l ac  expense p r o v i s i o n  

3) Load the total for the remaining variable expenses. 

Using our previous example as an illustration, we develop new rates of 

$57 and $143 for classifications l and 2, respectively. 

Pure Premium for class I = $50 x .6 = $30 

Pure Premium for class 2 = $150 x .6 = $90 

R I = ($30 + $I0)1.70 = S57 

R 2 = ($90 + $I0)/.70 = $I~3 

In general  terms, the rev ised  rate (R ' )  for  c lass n is ca l cu la ted  us ing 

the following formula: 

= R' n ( ( l - C )  x R + e ) / ( l - C ' )  ( 4 )  
n 
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Note t h a t  e / ( l - C ' )  i s  a c o n s t a n t .  T h e r e [ o r e ,  i [  we so choose ,  we can 

p r e s e n t  the  r e v i s e d  r a t e  in  t e rms  o [  a m o l t { p l i e r  t o  the c u r r e n t  r a t e  

p l u s  a c o n s t a n t  t e rm.  

= KR + h (5) R'n n 

K = ( ] - C ) / ( I - C ' )  = ,g57 (6 )  

h = e / ( l - C ' )  = $14 (7 )  

Essentially, formula (5) defines a rate which includes a provision for 

flat expenses as a combination o[ a loss rate and an expense rate, ~lere 

each of these component parts includes a loading for variable expenses. 

Once the r a t e s  have been m o d i f i e d  to i n c o r p o r a t e  E l s t  expenses ,  the n e x t  

a r e a  o f  c o n c e r n  t o  the r a t e m a k e r  i s  the c a l c u l a t i o n  o f  r a t e  l e v e l  

a d j u s t m e n t s  due to  chang ing  e x p e r i e n c e .  E s t i m a t e s  o f  o v e r a l l  r a t e  l e v e l  

need a re  c a l c u l a t e d  in  a manner  a lmos t  i d e n t i c a l  t o  t h a t  used when a 

p r o p o r t i o n a l  a l l o c a t i o n  s y s t e m  i s  in  p l a c e .  The f a m i l i a r  method o f  

a d j u s t i n g  o v e r a l l  r a t e  l e v e l s  i s :  

I = LR/PLR = indicated rate level change 

LR = experience loss ratio adjusted to current rate and prospective 

loss levels 

PLR = p e r m i s s i b l e  l o s s  r a t i o  
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To accomndate r a t e s  wh i ch  i n c o r p o r a t e  f l a t  expenses ,  we r e p l a c e  the l oss  

r a t i o  te rm in  the f o r m u l a  w i t h  a l oss  and f l a t  expense r a t l o t  and we 

r e p l a c e  the p e r m i s s i b l e  l o s s  r a t i o  w i t h  a p e r m i s s i b l e  l o s s  and f l a t  

expense  r a t i o .  

I = ((L' + e'X)/P) /(I-C') (8) 

L'  = l o s s e s  d e v e l o p e d  and a d j u s t e d  t o  p r o s p e c t i v e  l e v e l s  

e '  = t r e n d e d  f l a t  expense d o l l a r s  pe r  r i s k  

X = number o f  e x p o s u r e s  

P = t o t a l  premium a t  c u r r e n t  r a t e s  

A g a i n  u s i n g  our  p r e v i o u s  examp le :  

L'  = $650,000 

e '  - $12 

X = 10,000 

P = $ I , 0 0 0 , 0 0 0  

C' = .30 

I ° ( ( $650°000  + $ 1 2 0 , 0 0 0 ) / $ I , 0 0 0 , 0 0 0 )  /.lO = l . ] O  
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T h i s  c a l c u l a t e d  i n d i c a t i o n  r e p r e s e n t s  the  n e c e s s a r y  i n c r e a s e  in r a t e  

l e v e l  in  o r d e r  t o  m a i n t a i n  premium adequacy .  I t s  p r i m a r y  use i s  one of  

m e a s u r i n g  o v e r a l l  p r o f i t a b i l i t y  and f i n a n c i a l  p o s i t i o n ,  fo r  u n l i k e  the  

i n d i c a t i o n  d e v e l o p e d  under  a p r o p o r t i o n a l  a l l o c a t i o n  sys tem t h i s  

m o d i f i c a t i o n  c a n n o t  be a p p l i e d  d i r e c t l y  to  the  i n d i v i d u a l  c l a s s i f i c a t i o n  

r a t e s .  In o r d e r  Co m a i n t a i n  independence  between the  l o s s  and expense  

por t ions o f  the f i n a l  ra tes,  two separate adjustments must be ca lcu la ted .  

H L = o v e r a l l  l oss  r a t e  m o d i f i c a t i o n  = ( L ' I P L ) / ( I - C ' )  

PL = premiums less f i xed expenses TM P-hX 

. = M e o v e r a l l  expense  r a t e  m o d i f i c a t i o n  e ' / e  

(9) 

In our example :  

PL = $ I , 0 0 0 , 0 0 0  - $14 ( lO ,O00)  = $B60,000 

M L = ( 8 6 5 0 , 0 0 0 / $ 8 6 0 , 0 0 0 )  / . 7 0  = l.OBO 

= H e $12 /$ I0  = 1.200 

i f  r e v i s e d  r a t e s  a r e  to be based on o v e r a l l  r a t h e r  than  c l a s s i f i c a t i o n  

l o s s  e x p e r i e n c e  then  t h e s e  [ a c t o r s  can be a p p l i e d  d i r e c t l y  to the 

L n d i v i d u a l  l o s s  and expense  r a t e s .  I f ,  however ,  c l a s s  e x p e r i e n c e  has 

some d e g r e e  of  c r e d i b i l i t y  then the m o d i f i c a t i o n  of the l o s s  r a t e s  can be 

a d j u s t e d  a c c o r d i n g l y .  

H L = ( ( L ' n / P  L ) Z n + (L'/PL)(I-Zn))/([-C') ( 1 0 )  
n n 
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Note tha t  the ind iv idus[  class mod i f i ca t i ons  must rece ive  a subsequent 

adjustment to achieve the proper o v e r a l l  change. 

This rev ised approach towards expense a l l o c a t i o n  w i l l  not a f f e c t  

c r e d i b i l i t y  l eve l s  in Automobile or Homeowners insurance where 

c r e d i b i l i t y  is based on claim counts and exposures. However, i f  flat 

expenses are in t roduced in a l i ne  where premium has been used as e 

c r e d i b i l i t y  measurep then some r e v i s i o n  in c r e d i b i l i t y  values should be 

considered.  

We have now developed a basic approach towards making rates when a system 

of expense flattening is used; however, before moving on it is necessary 

to briefly mention some of the practical considerations with which we 

must deal when ubing this system. 

Separate loss premium and expense premium in fo rma t ion  must be a v a i l a b l e  

to the ratemaker. Accurate exposure data is a lso necessary in order to 

p roper l y  eva lua te  the magnitude of the f l a t  expense loadings.  

F ia t  expense costs w i l l  obv ious ly  be suhject  to i n f l a t i o n ,  and expense 

t rend ing  procedures must he developed. In many cases loss t rend is being 

appl ied t~ ¢:~penscs as nn i l l te r lm measure. I t  is obv ious,  though, tha t  

in most ca~,?s Io~s t rend is not an appropr ia te  measure of  inc reas ing  

expense costs.  Automobile crash pa r t s ,  l i a b i l i t y  judgments, and medical 
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c o s t s  are c e r t a i n l y  r i s i n g  f a s t e r  than g e n e r a l  expenses.  I n  the case o f  

IIomeowners i nsu rance ,  t r e n d  f a c t o r s  a re  t i e d  in  to  c o n s t r u c t i o n  cos t  

i n d i c e s .  The a u t h o r s  f e e l  t h a t  i [  expenses are  s u b j e c t  to  the 

application of trend [actors, then these factors should be developed 

using CPl-type wage and price indices which correspond, however roughly, 

with those costs which underlie an insurance operation. 

The q u e s t i o n  o f  whe ther  f l a t  expenses shou ld  be a l l o c a t e d  on a s t a t e w i d e ,  

r e g i o n a l  or  c o u n t r y w i d e  bas i s  must a l so  be addressed .  Costs  a s s o c i a t e d  

w i t h  tt le o p e r a t i o n s  o f  f i e l d  o f f i c e s  w i l l  be inE luenced  by l o c a l  economic 

c o n d i t i o n s ,  w h i l e  EDP and Home O f f i c e  o p e r a t i o n  expense c o u l d  reasonab l y  

be ass igned  on a c o u n t r y w i d e  b a s i s .  A t  the moment, f l a t  expenses by 

s t a t e  are de te rmined  by a p p l y i n g  e x i s t i n g ,  v a r i a b l e ,  l oad ings  to  s t a t e  

premiums. T h i s  methodo logy  assumes t h a t  w h i l e  c e r t a i n  expenses are f i a t  

within a state, on an interstate basis expenses continue to be a function 

of premium dollars. While this approach may not appear to be valid from 

a t h e o r e t i c a l  s t a n d p o i n t  i t s  use must be c o n t i n u e d  as long as s t a t e  

regulations vary with regards to expense flattening categories and 

procedures, for it is the only way to insure the collection of adequate 

expense dollars. 

The [mp lementa t /on  o f  an expense f l a t t e n i n g  p rocedure  a l so  i n t r o d u c e s  a 

new element when f i l i n g  f o r  r a t a  changes wl~ich do not  equal the r e q u i r e d  

o v e r a l l  i n d i c a t i o n .  I t  is n [ t e n  t i le case, [ o r  example,  t h a t  f o r  

p o l i t i c a l  or  m a r k e t i n g  reasons Au tomob i le  r a t e  changes f a l l  a ~ r e s t  deal  
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below i n d i c a t i o n s .  Should r a t e  s h o r t f a l l s  be abso rbed  s o l e l y  by the  l o s s  

p o r t i o n  of  the r a t e ?  Or shou ld  i t  f a l l  on the  expense  r a t e  as w e l l ?  I f  

t hese  c o s t s  a r e  to be s h a r e d  i t  must be d e c i d e d  whe the r  the  d i v i s i o n  w i l l  

be p r o p o r t i o n a l  or a c c o r d i n g  to some o t h e r  s t a n d a r d .  

These and o t h e r  g e n e r a l  p rob lems  must be h a n d l e d  i f  a r a t e m a k i n g  sys tem 

u s i n g  f l a t  expenses  i s  to be e f f e c t i v e .  Of c o u r s e ,  each l i n e  o f  b u s i n e s s  

a l s o  h a s  s p e c i a l  c o n s i d e r a t i o n s  uh ich  must be a d d r e s s e d .  

Expense Cons iderat ions in Automobile Insurance 

Since  t i le  main t h r u s t  o f  expense  f l a t t e n i n g  .has  been aimed a t  P r i v a t e  

P a s s e n g e r  Automobi le  i n s u r a n c e ~  v a r i o u s  m e t h o d o l o g i e s  have a l r e a d y  been 

invest iga ted~ documented, and implemented in a few s ta tes .  As we 

mentioned p rev ious l y ,  the Insurance Services O f f i c e  prepared a study of  

expenses concluding chat 75~ of company General Expenses and 

H i s c e l l a n e o u s  1"axes, L i c e n s e s  7 and Fees a r e  f i x e d .  Th i s  r e s l l l t  was 

i n c o r p o r a t e d  i n t o  an expense  f l a t t e n i n g  program implemented in r a t e  

r e v i s i o n s  f i l e d  a f t e r  3am~ary l ,  IgTq. The [SO has chosen to  develop 

expense  f ees  by c o v e r a g e  ( b a s e d  on the a v e r a g e  expense  l o a d i n g  c u r r e n t l y  

in t i le r a t e )  and by s t a t e ,  w i th  the f ees  a p p l i c a b l e  on a per  c a r  b a s i s .  

Several  quest ions a r i se  from th i s  pr~posa] which each i nsu re r  should 

i n v e s t i g a t e .  S p e c i f i c a l l y ~  each company needs to determine i f  the f l a t  

expense  fee s l lou ld  a p p l y  per c a r  or  per  p o l i c y  and whe the r  or  not  

d i [ f e r e n t  c h a r g e s  a re  r e q u i r e d  by c o v e r a g e .  Should the  same e x p e n s e  f e e s  

app ly  to  renewal  as w e l l  as new b u s i n e s s  and should any c h a r g e  be made 

for  mid-term endorsement a c t i v i t y ?  
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F r e q u e n t l y  companies issue one p o l i c y  to insure  m u l t i p l e  exposures  and~ 

whi l e  t h e r e  i s  some a d d i t i o n a l  expense i n c u r r e d  in the r a t i n g  and 

p r o c e s s i n g  of  a m u l t i - c a r  r i s k ,  i t  i s  not l i k e l y  to  be p r o p o r t i o n a l  to  

t h a t  of a s i n g l e  car  r i s k .  A thorough i n v e s t i g a t i o n  of  the b i l l i n g  and 

p o l i c y  i s s u a n c e  systems shou ld  p rov ide  s u f f i c i e n t  i n f o r m a t i o n  to  

de te rmine  the  e x t e n t  og the c o s t  s a v i n g s  which r e s u l t s  when w r i t i n g  a 

m u l t i - c a r  p o l i c y .  In g e n e r a l ,  expense s a v i n g s  can be found in the a r e a s  

o f  pos t age ,  paper ,  t e l ephone  and t e l e g r a p h  c o s t s ,  and r e l a t e d  p r o c e s s i n g  

expenses ,  f los t  companies ~ssue a s i n g l e  p o l i c y  for  a m u l t i - c a r  r i s k ,  

t he reby  r e d u c i n g -  p r o c e s s i n g  c o s t s .  At the same t ime ,  however ,  

i n s t a l l m e n t  premi~m payment modes may be more p r e v a l e n t  w i t h  a m~s | t i - ca r  

r i s k ,  thus o f f s e t t i n g  the s a v i n g s  o b t a i n e d  from the s i n g l e  p o l i c y  

i s s u a n c e .  Each company needs to  de te rmine  i [  a s i g n i f i c a n t  c o s t  

d i f f e r e n c e  e x i s t s  in the i s s u a n c e  of a s i n g l e  vs .  a m u l t l - c a r  p o l i c y  and 

the f e a s i b i l i t y  of implemen t ing  a per p o l i c y  charge  w i t h i n  i t s  sys tems 

c a p a b i l i t i e s .  

Another  aspec t  o[  ISO's  expense f l a t t e n i n g  p roposa l  reqL i i res  com~'nent. 

The [SO tec l l n i que  deve lops  f l a t  expense fees by coverage  based on the  

v a r i a b l e  l o a d i n g  c u r r e n t l y  in the  coverage  r a t e .  As an example~ c o n s i d e r  

a s t a t e  in wl~ich the c u r r e n t  ave rage  r a t e s  by cove rage  are :  

L iah i l i t y  $225 

Comprehens lye  $ 50 

C o l l i s i o n  $125 
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I f  i t  is determined that  IOZ o[  the ra te  represents f i xed  expense, then 

f l a t  expense fees o f  $22.50, $5.00 and $12.50 would apply to the 

respec t i ve  coverages. A po l i c yho lde r  w i th  a L i a b i l i t y - o n l y  po l i cy  woLIld 

pay $22.50 in expenses; one wi th  L i a b i l i t y  and Comprehensive, $27.50; and 

one with the f u l l  complement of  L i a b i l i t y  and Physical  Damage, $40. The 

ac tua l  expense d i f f e r e n t i a l  between a L i a b i l i t y  and Comprehensive po l i c y  

and one ~ l i ch  also includes C o l l i s i o n  coverage is minimal since most of  

the ra t i ng  in lo rmat lon  is a l ready a v a i l a b l e  in the data base. The 

la rges t  expense i s  incurred in adding the f i r s t  Physical  Damage 

coverage. The above approach defeats  the purpose of matching ac tua l  

expenses to p o l i c i e s  and instead a l l o c a t e s  f i xed  expenses to  coverage on 

the basis o f  pure premium. This is j u s t  as a r b i t r a r y  as the cu r ren t  

ratemakinR procedure. A reasonable a l t e r n a t i v e  is to determine a basic 

expense fee to be charged on the i n i t i a l  coverage ~ r i t t e n  and a second, 

s m a l l e r  fee i f  any secondary coverages app ly .  

An i n v e s t i g a t i o n  of the costs to iss,le a new vs. a renewal po l i cy  or to 

add Rn endorsement w i l l  l i kewise determine i f  i t  is worthwhi le to 

d i s t i n g u i s h  the expenses incurred by these tr. lnraer, inns. 

In  a l l  of  these areas, the i~sue o f  expense f l a t t e n i n g  requ i res  a 

complete re -examina t ion  o[ the costs to issue a po l i c y  and a r e - t h i n k i n g  

o f  the insurance i n d u s t r y ' s  appr~ach to charging for  them. 



Expense  Considerations in llomeowners I n s u r a n c e  

The use  of expense  f l a t t e n i n g  in Ilomeowners i n s u r a n c e  can c r e a t e  some 

prob lems  i f  i t s  a p p l i c a t i o n  is  not c a r e f u l l y  p l anned ,  T h r e e  a r e a s  which 

shou ld  r e c e i v e  the  a c t u a r y ' s  a t t e n t i o n  a r e :  

l )  The impact o f  expense f l a t t e n i n g  on the p r i c i n g  o f  p o l i c i e s  which 

provide for automatic increases in face amount. 

2) The assi~;nment of  expenses to Tenants insurance. 

3) The prLcLng of e n d o r s e m e n t s .  

In r e c e n t  y e a r s  i n s u r a n c e  companies  have a t t e m p t e d  to o f [ s e t  t i le  e f f e c t s  

of  i n f l a t i o n  on Homeowners b u s i n e s s  by i n c l u d i n g  what a r e  r e f e r r e d  to as 

" i n f l a t i o n  g u a r d "  p r o v i s i o n s  in the s t a n d a r d  p o l i c y .  These  p r o v i s i o n s  

p r o v i d e  [o r  a p e r i o d i c ,  a u t o m a t i c  i n c r e a s e  in the p o l i c y  f a c e  amount. 

This increase w i l l ,  of course, r e s u l t  in ~ premium increase fo r  the 

insured wi thout  the necess i ty  of a rate r e v i s i o n .  Under a ratemaking 

system which uses proportional allocation of expenses, this pricing 

mechanism w i l l  r e s u l t  in the c o l l e c t i o n  of i n c r e a s e d  expense  d o l l a r s  

along wi th  the pure premium increase.  This e f f e c t  is l o s t .  however, fo r  

any f l a t t e n e d  expenses. As long as there is no r e v i s i o n  in ra tes ,  

i n s u r e d s  w i l l  c o n t i n u e  to c o n t r i h u t ~  ti le same f l a t  expense  premium 
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r e g a r d l e s s  o f  t h e  f a c e  v a l u e  ,:1: t h e  p o l i c y .  The  u s e  o f  f l a t  p x p e n s e s  

w i l l  t h e r e f o r e  n e c e s s i t a t e  an  i n c r e a s e  i n  t h e  n u m b e r  and  a m o u n t  o f  r a t e  

l e v e l  ad jus tmen ts  as i n f l a t i o n  ac t s  upon the f l a t t e n e d  p o r t i o n  o f  t he  

r a c e .  ' fo some  e x t e n t  t h e  u s e  o f  f l a t  e x p e n s e s  w i l l  n u l l i f y  t h e  p r i n c i p l e  

objective o f  an "inflation guard" system; an increase in collected 

premium without all of the problems inherent in filing and implementing a 

r a t e  l e v e l  change.  

The expenses i n h e r e n t  in  c a r r y i n g  a book o f  Tenan ts  bus iness  a r e  

g e n e r a l l y  i n s e p a r a b l e  from chose accompanying the Homeowners forms.  The 

same p r o c e s s i n g  and b i l l i n g  systems are used, and to  a g r e a t  e x t e n t  t he  

e n t i r e  Tenan ts  p roduc t  is t r e a t e d  as a n o t h e r  Homeowners form. T h i s  

implies chat the flat expense charge for a piece of Tenants business 

should be the same as that of a Homeowners policy. The implementation of 

i d e n t i c a l  charges  c r e a t e s  a p r a c t i c a l  p rob lem in t h a t  Tenan ts  

p o l i c y h o l d e r s  w i l l  o f t e n  r e c e i v e  s u b s t a n t i a l  r a t e  i nc reases  as a r e s u l t .  

Th i s  can be i l l u s t r a t e d  by l o o k i n g  at one company's  e x p e r i e n c e  f o r  a 

single representative state. 

Ilomeowners Tenan ts  Combined 

1918 Earned Premium (000)  $4,778 $417 $5,194 

1978 Earned Exposures 24,588 4 , 9 9 0  29,578 

A v e r a g e  P r e m i u m  $194 $83  $176  
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I f  10% o f  the t o t a l  premium i~ s u b j e c t  to f l a t t e n i n g ,  then the per  p o l i c y  

charge based on cm~bined e x p e r i e n c e  eq,]als $18. Thus,  the new average 

premium [ o r  a liomeo~ners p o l i c y  would equal  $193 ($194 x .9 + $18) w h i l e  

the average Tenants policy would increase bv 12% to $93. This Tenants 

i n c rease  would f a l l  even more s e v e r e l y  on r e n t e r s  w i t h  low con ten t s  

v a l u e s .  In  the above case,  more than 50% o f  the exposures  c a r r i e d  

c o n t e n t s  coverage  o f  $8,000 or less a t  an average  premium o f  $62. For  

these i n s u r e d s ,  the ave rage  i nc rease  r e s u l t i n g  [ram expense f l a t t e n i n g  

exceeds 19Z. 

The use of identical expense charges for Homeowners and Tenants business 

is impractical from both social and marketing standpoints regardless of 

the financial equity of the system. A possible solution to flattening 

expenses ~or Tenants insurance is to adopt a separate charge even though 

Tenants  expenses cannot be seg rega ted  f rom those e l  the Homeowners 

terms.  In  the above case,  f l a t  expense charges  o f  $19 and $8 cou ld  be 

adopted f o r  Bomeow,ers and Tenants  bus iness ,  r e s p e c t i v e l y .  

The p o s s i b i l i t y  e l  [ [ a t t e n i n g  expenses i n c u r r e d  when add ing endorsements 

to a Homeowners p o l i c y  must a l so  be c o n s i d e r e d .  As was t r u e  in  the case 

of pricing a Tenants policy, tile dollar impact of any change in the 

allocation el expenses is of as much concern as the equity of the pricing 

method. |n  many cases i t  w i l l  be conc luded t h a t  the p r i c i n g  o f  

endorsements is bes t  l e f t  unchanged due to the smal l  cos ta  i n v o l v e d ,  bu t  

this decLsion should be a conscious one which is made only after 

evaluating each particular situation with care. 
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Conclusion 

Expense ( leCtening is a subject  which demands more a t t e n t i o n  than the 

a c t u a r i a l  proEession has devoted Co i t .  [L cont inues to be a sub jec t  for  

publ ic  debate, and consumer pressure is r a p i d l y  / e r r i n g  the adopt ion o f  

l ega l l y  mandated f l a t t e n i n g  procedures. Un fo r tuna te l y ,  these procedures 

ace o f t en  convoluted and lack f i rm s t a t i s t i c a l  j u s t i f i c a t i o n .  Expense 

f l a t t e n i n g  is here co s tay ,  and a cont inued lack of a c t u a r i a l  input  w i l l  

only insure the conclnued adoption of  i ncons is ten t ,  u n j u s t i f i a b l e  

f | a t t e n i n g  schemes. 

[ n  t h i s  paper we have presented the basic concepts under ly in~ the proper 

a l l o c a t i o n  of  underwr i t i ng  expenses, and we hope that i t  w i l l  open the 

door to fu r the r  research in th is  area. t lopeful |y~ by answering some of  

the quest ions and c o r r e c t i n g  tile misconceptions which surround e:¢pense 

f l a t t e n i n g  we w i | l  serve both the indust ry  and the publ ic  by he lp ing  to 

provide insurance products whose prices accura te ly  r e f l e c t  t h e i r  

associated costs. 
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G l o s s a r y  o f  V a r i a b l e s  

R n = t h e  r a t e  f o r  a r i s k  o f  a s p e c [ f t c  c l a s s  n 

L n = t h e  u n d e r l y i n g  p u r e  p r e m i u m  in  R n 

E n = t h e  p r o v i s i o n  f o r  u n d e r w r i C i n ~  expenses i n  R n 

R' n = r e v i s e d  r a t e  f o r  c l a s s  n a f t e r  expense f l a t t e n i n g  

e n = t h e  v a r i a b l e  expense p r o v i s i o n  [n R' n 

e = t h e  f l a t  expense  l o a d i n g  wh ich  i s  c o n s t a n t  f o r  a | l  n 

= expense  l o a d [ n g s  wh ich  v a r y  a c c o r d i n g  to  some e l ,  e 2 , - - - e  x 

c h a r a c t e r i s t i c  

O o v e r h e a d  l o a d i n g  

t t e r r i t o r y  

X e x p o s u r e s  

P premium 

PLR p e r m i s s i b l e  l o s s  r a t i o  

Cl gen.  expense  and o t h e r  acq.  a l l o w a n c e  

C2 r e m a i n i n g  u n d e r w r i t i n g  e:(pense a l l o w a n c e  

C t o t a l  u n d e r w r i t i n g  e x p e n s e  

L '  a c t u a l  l o s s  and l o s s  e x p e n s e  

e '  t r e n d e d  f l a t  e x p e n s e  c h a r g e  

C'  r e v i s e d  v a r i a b l e  e x p e n s e  charge  

K m ~ l l t i p l i e r  = (I - C ) / ( I  - C ' )  

h c o n s t . a ~ l t  = e / ( l  C ' )  i 
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Glossary of Variables (toni) 

l 

LR 

M L 

PL 

M e 

lid L 
n 

L* n 

P L  
o 

Z 
ill 

i n d i c a t e d  r a t e  l e v e l  change 

e x p e r i e n c e  loss r a t i o  a t  c u r r e n t  r a t e s  and p r o s p e c t i v e  loss 

l e v e l s  

overall loss rate modification 

premiums less fixed expenses 

overall expense rate modification 

loss rate modification for class n 

actual loss and loss expense for class n 

premiums less fixed expenses for class n 

credibility assigned to class n 
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E~ENSE ALLOCATION IN INSURANCE RATEMAKING 

BY DIANA CHILDS AND ROSS A. CURRIE 

REVIEWED BY DAVID KLEIN 

The authors are to be commended for their willingness to address as 

controversial a subject as expense allocation. Their approach pro- 

vides one with a basic introduction to the subject. This reviewers 

with a limited experience with the subject, feels that a few general 

comments are in order. 

For sometime actuaries have recognized the necessity and appropriate- 

ness of expense flattening. In Workers' Compensation~ the practice of 

expense graduation has been in place for many years. In the larger 

commercial lines, the issue of expense requirement has been implicitly 

or explicit ly dealt with through large account programs such as IRPM's 

and Commission Contribution. It has been the staggering increases in 

Personal Lines premiums over the past five years which has brought the 

issue to the fore in this arena. 

One major issue suggested by the author in the i r  general discussion is 

the accuracy of the expense data upon which our fixed and variable 

allocations will be made. Actuaries familiar with the vagueness of 

New York Regulation 30, which forms the basis for much of property and 

casualty insurance accountings will shudder when they think of the 

potential uses being made of data collected under those guidelines. 

Put another way, how good is the base we are allocating? As we move 

into an era where more refined treatment of expense provisions is 

required~ we should not only focus on the redistribution of expenses, 

but also whether we must consider the costs have been properly 
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assigned in the first place. Is Regulation 30 adequate in its 

de finition? How good are company internal procedures? These issues 

must be resolved if expense allocation is to have any degree of 

credibility. 

Another major issue surfaced by the authors is the role of critics of 

the insurance industrys expense allocation process. Industry critics 

tend to concentrate on the flattening of the higher premiums payers 

without proper recognition of the impact of this approach on those at 

the icyaer end of the spectrum. The authors appropriately reference to 

the "two edge sword" aspect of expense flattening~ specifically when 

applied in Homeowners insurance and the adverse effect that it may 

have on the tenants forms, particularly, the lower valued forms. 

Unfortunately, the authors suggest an approach to deal with this 

"problem" which violates the basic principal of cost based pricing by 

artificially lowering the flat (affordable) expense charge for the 

tenants forms to make it socially acceptable. This is an apparent 

contradiction to an earlier section of the paper where they caution 

that "there is considerable danger in pricing an insurance product in 

response to social objectives." 

The a r e a  o f  commiss ion  and t a x e s  i s  one where  t h i s  r e v i e w e r  and the  

a u t h o r s  a r e  in  a g r e e m e n t .  T o g e t h e r  t h e s e  two i t ems  r e p r e s e n t  an 

mount equal to, if not greater than, the expense dollars which would 

be flattened under the ISO approach described in the paper (page 52). 
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The points raised by the authors relative to the compensation of the 

producer force bear careful study by agents' associations if they are 

to avoid having the matter decided for them without their input. 

Regarding the flattening of premium taxes, the authors correctly point 

out that it is up to the states to take the lead in revising their 

procedures if anything is to be accomplished in these areas. Finally, 

this reviewer agrees with the authors that "the proper allocation of 

profit to an insured is a difficult and complicated issue" which "is 

wide enough in scope to be the sole topic of a paper" (page 46). 

This reviewer was disappointed by the authors failure to discuss the 

impact of expense flattening on loss ratios. Non-actuaries rely on 

loss ratios to evaluate results and often actuaries have to use or 

explain loss ratio data. With the use of expense flattening, loss 

ratios will become less meaningful unless properly interpreted to 

re flect the impact of the revised expense allocation procedure. The 

authors failure to mention this point is hopefully a matter of over- 

sight and not for lack of recognition of its importance. 

The above coments ere intended to be a general review of the major 

points of the paper. On a somewhat more technical basis, on page 479 

formula (7) indicated a fixed expense portion which is loaded for 

variable expenses. 

(7) h = 

( l  c ' )  
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This implicitly increases the flattening and in the mind of this 

reviewer, is unnecessary. As a corollary, it makes the ratemaking 

process unnecessarily complicated. 

An alternative procedure would be to make the denominator of equation 

(4), a function of only taxes, co~nission end pro fit, and to make 

variable expenses a function of pure loss. Under this suggested 

approach 

= _ic _ .25Ci) + e R' N Rn x (I ~ C 2 I - C 2 

This formula uses the factor (i - C 2 .25 C) to generate the 

loss, loss adjustment expense, and variable expense portion of the 

rate. The constant expense portion of the rate is shown separately, 

and both are loaded with those elements which are variable with 

premium. This makes the constant term independent of the variable 

portion of expenses. 

Using the above suggested approach in the content of retemaking 

simplifies the process. We may begin by expressing R' N as follows: 

R' N NR + KR 

where 

NR (I - C? .25C l) 
(I C 2) 

KR e 

1 - C 2 
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NIR can be thought of as the rate excluding t he  expense constant. 

We may then proceed to rede fine the expense elements in terms of NR 

and move along as in the past. When all revision calculations have 

been determined, the final rates are adjusted by the amount KR. 

We define the PLR for NR as follows: 

PLR' = R N x PLR 
NR 

R N x !~ - C 2 C]) (I C?) 
R N x { l  - C 2 - .25C I) 

- - c 1 )  ( 1  - c 7 )  
- ( 1  c ~ t  c2 " z s c l )  

The indicated change in NR can now be defined as follows: 

INR L'/P' 
PLR' 

where 

L' = developed and trended loss and loss adjustment expense. 

P' = total premium at current net ratio (NR). 

T e r r i t o r y  a n d / o r  c l a s s  r a t e s  can t h e n  be d e v e l o p e d  as b e f o r e  and then  

adjusted for the revised expense constant: 

1 
KR' = e 

l - C 2 
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The method is conceptually sounder and procedurally easier to deal 

with than that suggested by the authors. 

Other issues raised by the paper but not discussed, include items such 

as appropriate record keeping to reflect the collection, referral end 

cancellation of policy fees and allocation problems when the fee 

covers multiple lines of business on the same policy. This, along 

with the unlimited number of potential factors which could be 

considered for potential redistribution, strongly suggests that 

ratemaking and accounting concepts should be closely developed. This 

will permit responsiveness to the issues and ensure that the costs 

associated with improved equity objectives do not become overwhelming. 

The authors point out that their paper tries to present "the basis 

concepts unlying the proper allocation of underwriting expenaes.~' It 

presents the reader with a primer on some of the issues surrounding 

the subject and clearly demonstrates the potential for further work on 

the subject. 
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I. CURRENT REGULATORY ACTIVITY 

S t a t e  r e g u l a t i o n  o f  i n d i v i d u a l  h e a l t h  i n s u r a n c e  has  i n c r e a s e d  

g r e a t l y  i n  r e c e n t  y e a r s ,  bo th  i n  s cope  and i n t e n s i t y .  The need to  

comply w i t h  r e g u l a t i o n s  has  become t h e  dominant  o b j e c t i v e  i n  bene -  

f i t  d e s i g u  and p r i c i n g  o f  i n d i v i d u a l  h e a l t h  c o n t r a c t s .  T h i s  s h i f t  

away f rom t h e  dominance o f  m a r k e t  f o r c e s  r e s u l t s  f rom the  e x t e n s i o n  

o f  r e g u l a t i o n  t o  a l m o s t  e v e r y  a s p e c t  o f  t he  d e v e l o p m e n t  and m a r k e t -  

i n g  p r o c e s s e s .  

S t a t e  r e g u l a t i o n  has  grown so  as  to  i n f l u e n c e  o r  manda te  t h e s e  

i t e m s ,  among o t h e r s :  

The b e n e f i t s  t h a t  may o r  must  be o f f e r e d  

The way t h a t  c o n t r a c t  t e r m s  must be s t a t e d  

The minimum " r e t u r n "  to  p o l i c y h o l d e r s  

P e r m i s s i b l e  r i s k  c l a s s e s  

S a l e s  m a t e r i a l s ,  p r o d u c t  names ,  e t c .  

Mandated b e n e f i t s .  T h i s  f a c e t  o f  r e g u l a t i o n  i s  c o m p r i s e d  o f  r e -  

q u i r e d ,  p e r m i t t e d ,  and p r o h i b i t e d  b e n e f i t s ,  The s t r e s s  has  been on 

r e q u i r e d  c o v e r a g e  o f :  t r e a t m e n t  f o r  a l c o h o l i s m  and drug  a b u s e ;  ex-  

panded o u t p a t i e n t  p r o g r a m s ;  expanded s k i l l e d  n u r s i n g  c a r e  to  c o v e r  

t h a t  c a r e  i n  o t h e r  f a c i l i t i e s ;  o u t p a t i e n t  n e r v o u s  and menta l  con-  

d i t i o n s ;  home h e a l t h  c a r e  v i s i t s ;  k i d n e y  d i a l y s i s  and t r a n s p l a n t  

s u r g e r y  e x p e n s e s ;  c e r t a i n  p r e g n a n c y  b e n e f i t s .  In  a d d i t i o n ,  t h e r e  

has  been a g e n e r a l  e x p a n s i o n  o f  t h e  d e f i n i t i o n  o f  " p h y s i c i a n . "  Now 

i n c l u d e d  a r e  c h i r o p r a c t e r ,  p o d i a t r i s t ,  c h i r o p o d i s t ,  d e n t i s t ,  optome-  

t r i s t ,  o s t e o p a t h ,  and p s y c h o l o g i s t ,  b e s i d e s  M.D., i n  g e n e r a l ,  any 
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" l i c e n s e d  p r a c t i t i o n e r  o f  t he  h e a l i n g  a r t s . "  

S t a t e m e n t  o f  c o n t r a c t  t e r m s .  T h i s  a s p e c t  o f  r e g u l a t i o n  i n v o l v e s ,  

i n  a d d i t i o n  to  t h e  a l r e a d y  s t a n d a r d i z e d  u n i f o r m  p o l i c y  p r o v i s i o n s ,  

r e q u i r e m e n t s  as  to  s t r u c t u r e ,  p l a c e m e n t ,  t y p e  s t y l e ,  e m p h a s i s ,  and 

r e a d i n g  e a s e  o f  t h e  p o l i c y  c o n t r a c t  form.  At l a s t  c o u n t ,  abou t  two 

dozen  s t a t e s  had e n a c t e d  r e a d a b i l i t y  r e q u i r e m e n t s  o r  had begun to  

d e v e l o p  them. A model law has  been d e v e l o p e d ,  c a l l i n g  f o r  a P l e s c h  

r e a d a b i l i t y  s c o r e  o f  a t  l e a s t  40.  Some s t a t e s  have  adop ted  t h i s  

s t a n d a r d ,  b u t  a t  l e a s t  one r e q u i r e s  50 and a n o t h e r  i s  c o n s i d e r i n g  

a s c o r e  o f  60 f o r  i t s  t e s t .  

Minimum l o s s  r a t i o s .  Model r a t e  f i l i n g  g u i d e l i n e s  have been d e v e -  

l o p e d ,  s e t t i n g  up a g r i d  o f  l o s s  r a t i o  minimums,  a c c o r d i n g  to  p l a n  

t y p e  and r e n e w a b i l i t y  p r o v i s i o n .  A number o f  s t a t e s  have  r e v i s e d  

t h e i r  p o s i t i o n s  on t h i s  q u e s t i o n  w i t h i n  t h e  l a s t  f i v e  y e a r s ;  p r i o r  

to  t h a t  most  used  a 50% l o s s  r a t i o  t e s t ,  o r  had no t e s t  a t  a l l .  

The model law r e p r e s e n t s  an e f f o r t  to  a c h i e v e  g r e a t e r  u n i f o r m i t y  

among j u r i s d i c t i o n s .  The p o p u l a r  p r e s s  h a s  t ended  t o  make l o s s  

r a t i o  c o m p a r i s o n s  a t e s t  o f  t he  s u i t a b i l i t y  o f  an i n s u r a n c e  p l a n ,  

w i t h o u t  r e g a r d  to  i n d i v i d u a l  n e e d s ,  r e s o u r c e s ,  o r  method o f  s a l e  o f  

the  p r o d u c t .  Among i t s  s h o r t c o m i n g s ,  such an approach  t ends  to  i g -  

n o r e  t h e  d i s t i n c t i o n  be tween  group  ( w h o l e s a l e )  and i n d i v i d u a l  ( r e -  

tail) marketing situations. 

C l a s s i f i c a t i o n  o f  r i s k s .  Q u e s t i o n s  have been  r a i s e d  as  to  w he the r  

a g e ,  s e x ,  o r  m a r i t a l  s t a t u s  may c o n t i n u e  to  be used  as  t h e  b a s e s  f o r  

premium d i f f e r e n t i a t i o n .  Also ,  b e n e f i t s  may not  v a r y  f o r  t h e s e  
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c l a s s e s .  For i n s t a n c e ,  f e m a l e s  must  be o f f e r e d  the  same d i s a b i l i t y  

b e n e f i t s  made a v a i l a b l e  t o  m a l e s ;  p r e g n a n c y  b e n e f i t s  must  be 

o f f e r e d  to  i n d i v i d u a l l y  i n s u r e d  f e m a l e s ,  no t  j u s t  where both  

s p o u s e s  a re  c o v e r e d .  Hand icapped  p e r s o n s ,  i n c l u d i n g  t h o s e  w i t h  

" s t a b i l i z e d "  d i s a b i l i t i e s ,  must no t  be p r e v e n t e d  from o b t a i n i n g  

c o v e r a g e  a t  a r e a s o n a b l e  c o s t .  Maximum premiums  f o r  poo led  u n i n -  

s u r a b l e  r i s k s  may be manda t ed  by r e g u l a t i o n .  

S a l e s  m a t e r i a l s ,  p r o d u c t  names r e t c .  The s t r i c t u r e s  a p p l i e d  h e r e  

a r e ,  f o r  the  most  p a r t ,  n o t  new. O u t l i n e s  o f  c o v e r a g e  a r e  r e q u i r e d  

more o f t e n ,  somet imes  w i t h  more demanding r e a d a b i l i t y  s t a n d a r d s  

t h a n  t h o s e  f o r  t h e  c o n t r a c t  i t s e l f .  P o l i c i e s  may be r e q u i r e d  to  

meet  c e r t a i n  b e n e f i t  s t a n d a r d s  in  o r d e r  t o  u s e  p a r t i c u l a r  l a b e l s .  

A few s t a t e s ,  f o r  i n s t a n c e ,  have p r o h i b i t e d  t h e  use  o f  t h e  p r o d u c t  

name " M e d i c a r e  Supp lemen t "  u n l e s s  c e r t a i n  b e n e f i t  l e v e l s  a r e  p r o -  

v i d e d ,  a t  l e a s t  t he  same k i n d s  o f  b e n e f i t s  c o v e r e d  by M e d i c a r e .  

R e g u l a t i o n  i s  s t e a d i l y  e x p a n d i n g  in  s c o p e .  Claim s e t t l e m e n t  

p r a c t i c e s  have  been t h e  o b j e c t  o f  r e g u l a t o r y  s c r u t i n y  i n  t h e  p a s t ,  

bu t  now t h e r e  i s  i n c r e a s e d  concern  f o r  m e d i c a l  r e c o r d  p r i v a c y ,  a t  

t h e  t i m e  o f  i s s u e  a l s o .  D i s c l o s u r e  o f  u n d e r w r i t i n g  p r o c e d u r e s  i n -  

v o l v i n g  the  Medical  I n f o r m a t i o n  Bureau must be r e v e a l e d  to  t h e  

a p p l i c a n t .  

The g e n e r a l  e f f e c t s  o f  i n c r e a s e d  s t a t e  r e g u l a t o r y  a c t i v i t y  

have  been mixed.  I t  i s  d i f f i c u l t  to  c h a l l e n g e  the  g o a l s  o f  t h i s  

r e g u l a t i o n .  In p r a c t i c e ,  however ,  i t  p r o d u c e s  c o n s i d e r a b l e  h a r d -  

s h i p  f o r  most i n s u r e r s .  " H a r d s h i p "  means i n c r e a s e d  c o s t s ,  e x t e n d e d  

- 7 0  - 



t ime f rames f o r  p roduc t  de ve lopme n t ,  s lower  a c t i o n  on r e q u e s t s  fo r  

r a t e  i n c r e a s e s .  Requi red  p o l i c y  form v a r i a t i o n s  have m u l t i p l i e d ;  

the  use o f  endorsements  or  amendments to  s t a n d a r d  forms may be 

found i n c r e a s i n g l y  u n a c c e p t a b l e .  

S t a t e  s t r a t e g i e s  a r e  b e i n g  adopted  by the  conrpunies.  For o n e  

t h i n g ,  mandated b e n e f i t s  and minimum l o s s  r a t i o s  may d i f f e r  s i g n i -  

f i c a n t l y ,  so t h a t  the  d i f f e r e n c e s  cannot  be absorbed  on an e q u i t a b l e  

b a s i s  w i t h i n  a s i n g l e  p l an  code o r  r a t i n g  s t r u c t u r e .  For a n o t h e r ,  

c l a i m s  e x p e r i e n c e  may va ry  s u b s t a n t i a l l y  by g e o g r a p h i c a l  a r e a ;  use 

o f  a rea  r a t i n g  t ends  to  conc e a l  some o f  the d i f f e r e n c e s .  Some 

s t a t e s  want l o s s  e x p e r i e n c e  f o r  t h e i r  r e s i d e n t s  t o  be r e p o r t e d  se-  

p a r a t e l y .  T h i s  r equ i r emen t  r e l a t e s  to  minimum l o s s  r a t i o  t e s t s .  

Expected l o s s  r a t i o s  may be compared wi th  a c t u a l  r e s u l t s ,  as a t e s t  

o f  the  a s s u m p t i o n s  in  the  i n i t i a l  r a t e  f i l i n g .  

Depending on the  scope o f  t he  cumpany's m a r k e t i n g  o p e r a t i o n s ,  

a p o i n t  i s  r eached ,  sooner  or  l a t e r ,  where compl iance  a c t i v i t i e s  

become as complex as t h o s e  o f  a m u l t i n a t i o n a l  c o r p o r a t i o n .  I t  i s  a 

c r e d i t  to  t h e  commitment o f  t he  h e a l t h  i n su rance  i n d u s t r y  t o  i t s  

p o l i c y h o l d e r s '  needs t h a t  so many i n s u r e r s  have chosen  to  meet the  

c h a l l e n g e  o f  the  e v o l v i n g  r e g u l a t o r y  environment  and s t a y  i n  the 

b u s i n e s s .  Of cour se ,  not  a l l  i n s u r e r s  have done t h i s .  Some have 

withdrawn from c e r t a i n  s t a t e s ,  w h i l e  a few have dropped t h e i r  i n d i -  

v i d u a l  h e a l t h  i n s u r a n c e  l i n e s  c o m p l e t e l y .  

The e f f e c t s  o f  r e g u l a t i o n  on the  d i s t r i b u t i o n  sys tem dese rve  

more a t t e n t i o n .  F ~ r k e t i n g  c u t b a c k s  have hu r t  the a g e n t s .  F i r s t ,  

c e r t a i n  p r o d u c t s  have been d ropped .  Or they have been r e d e s i g n e d  
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w i t h  more l i m i t e d  b e n e f i t s  and g u a r a n t e e s ,  and o f  c o u r s e ,  w i t h  

lower  c o m m i s s i o n s .  Agen t s  s p e c i a l i z i n g  in  h e a l t h  i n s u r a n c e  must 

now s e l l  h i g h e r  c o s t  p o l i c i e s  wi th  a t t a i n e d  age  premiums i n  r e t u r n  

f o r  lower  c o m p e n s a t i o n .  Some o f  t he  p r e s s u r e  comes from i n f l a t i o n ,  

some from competition, the rest from minimum loss ratio require- 

ments. 

Minimum l o s s  r a t i o  r e g u l a t i o n s  i n d i r e c t l y  c o n t r o l  t h e  expense  

f a c t o r ;  t h e y  a l s o  l i m i t  t h e  m a r g i n  f o r  p r o f i t  and c o n t i n g e n c i e s .  

In  f a c t ,  a p r o d u c t  l i k e  n o n - c a n  d i s a b i l i t y  income canno t  e v e n  be 

s o l d  i n  a s t a t e  w i t h  a minimum l o s s  r a t i o  o f  65%, w i t h o u t  a s p e c i a l  

d i s p e n s a t i o n .  

Consumers a r e  a f f e c t e d  by r e g u l a t i o n s  a t  l e a s t  as  much as  t he  

i n s u r e r s  and t h e i r  a g e n t s :  (1) some p r o d u c t s  w i l l  become u n a v a i l -  

a b l e  due to  r e g u l a t o r y  s t r i c t u r e s ;  (2) c o s t s  o f  c o m p l i a n c e  w i l l  

have  to  be p a s s e d  on to the  p o l i c y h o l d e r s ;  (3) a g e n t s  can be ex -  

p e c t e d  t o  p r o v i d e  l e s s  s e r v i c e ;  (4) l o n g e r  p e r i o d s  may be needed 

f o r  c l a i m  s e t t l e m e n t .  The consumer  w i l l  be p a y i n g  f o r  t h e  e n l a r g e d  

r e g u l a t o r y  s t a f f  a s  we l l  as  f o r  t he  e n l a r g e d  c o m p l i a n c e  s t a f f s  

needed  by i n s u r e r s .  But t h e n ,  t h i s  c o n d i t i o n  p e r v a d e s  ou r  

society. What else is new? one well may ask. 

I I .  A CANCER CARE POLICY 

Cancer  c a r e  p o l i c i e s  have become v e r y  p o p u l a r  among t h e  p u b l i c .  

Cons ide r  t h e s e  r e s u l t s  f o r  t h e  l e a d i n g  w r i t e r  o f  t h i s  c o v e r a g e ,  t he  

American,  Fami ly  L i f e  A s s u r a n c e  Company o f  Columbus ( C a . ) .  The 
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t a b l e  be low shows premiums and c l a i m s ,  as  r e p o r t e d  in  t h e  Argus  

Char t  I f o r  h e a l t h  i n s u r a n c e ,  f o r  t h e  g u a r a n t e e d  r e n e w a b l e  c a t e g o r y ,  

which i s  m o s t l y  c a n c e r  c o v e r a g e .  

Amer i can  F a m i l y  L i f e  A s s u r a n c e  Company 

G u a r a n t e e d  Renewable B u s i n e s s  
(Amounts i n  O00 ' s )  

C a l e n d a r  Premiums Cla ims Loss 
Year  Earned  I n c u r r e d  Ra t io  

1978 $220,439 $107,487 48.8% 

1977 169,816 73,466 43.3 

1976 127 ,550  49,706 39.0  

1975 81,092 33,484 41.3 

1974 55,261 22,964 41.6 

1973 45,107 17,035 39.5 

1972 51,874 12,026 37.7 

1971 22,915 8,511 37.1 

1970 15,139 5,725 57.8 

1969 10,550 4 ,300 40.8  

Huch c o ~ a e n t a r y  h a s  been p u b l i s h e d  on t h e  c a n c e r  c a r e  p o l i c y .  Des-  

p i t e  t h e  e v i d e n c e  o f  i t s  p o p u l a r i t y ,  i t  i s  d i f f i c u l t  to  f i n d  a k i n d  

word abou t  i t  f rom i n s u r a n c e  r e g u l a t o r s ,  consumer  a d v o c a t e s ,  o r  t h e  

2 p o p u l a r  p r e s s .  At l e a s t  one ~ t a t e  p r o h i b i t s  i t s  s a l e ,  w h i l e  o t h e r s  

r e q u i r e  t h a t  i t  be so ld  o n l y  wi th  a c o m p r e h e n s i v e  b a s i c  c o v e r a g e  f o r  

3 a l l  c a u s e s .  

The t h i n k i n g  which u n d e r l i e s  t h e  o p p o s i t i o n  to  c a n c e r - o n l y  i n -  

s u r a n c e  seems to  i n c l u d e  t h e  f o l l o w i n g  o b j e c t i o n s :  ( I )  t h e  method 

1Argus Cha r t  o f  H e a l t h  I n s u r a n c e ,  The N a t i o n a l  U n d e r w r i t e r  Company, 
C i n c i n n a t i ,  Ohio. 

2See [20]. 3See [24]. 
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o f  sale is  unacceptable, tha t  i s ,  "scare t a c t i c s "  are said to be 

used or  b e n e f i t  l e v e l s  m i s r e p r e s e n t e d ;  (2) the r e t u r n  to the p o l i -  

cyho lder ,  measured by the l o s s  r a t i o ,  appears  inadequa te ;  (3) a 

l a r g e  p r o f i t  f a c t o r  ob t a in s  ( the  success  of  one company and the 

s a l a r y  of  i t s  CE0 are  o f t en  c i t e d 4 ) .  

P o s s i b l e  responses  to t he se  o b j e c t i o n s  i n c l u d e :  (1) a l l  i n s u r -  

ance i s  purchased out o f  concern fo r  or f e a r  o f  f i n a n c i a l  l o s s ;  

(2) b e n e f i t s  under most cancer  p lans  a re  des igned  and a d v e r t i s e d  

to be supplemental  cove rages ;  (3) low premium, low frequency r i s k s  

w i l l  r e s u l t  in  r e l a t i v e l y  h i g h e r  expense components and lower loss  

r a t i o s ;  (4) many companies have s u f f e r e d  l o s s e s  on t h e i r  cancer  

p l ans .  For example, in  an apparen t  e f f o r t  to meet o b j e c t i o n s  l i k e  

t h e s e ,  a t  l e a s t  one company has a t t ached  a r e t u r n  o f  premium r i d e r  

to  i t s  cancer  po l i cy ,  an approach u n l i k e l y  to  r e s u l t  in e x c e s s i v e  

p r o f i t s .  

Hore and more companies now o f f e r  cancer  p o l i c i e s .  I f  your 

company does not ,  d o n ' t  be s u r p r i s e d  i f  your marke t ing  committee 

b r i n g s  up the  ques t ion :  Shal l  we develop and market a cancer  plan? 

I f  p r e l i m i n a r y  c o n s i d e r a t i o n s  - -company's  image, company's d i s t r i -  

bu t ion  sys tem,  r e g u l a t o r y  i m p a c t s - -  can be accommodated s a t i s f a c -  

t o r i l y ,  work may begin .  

The f i r s t  phase o f  development i s  to s e t  the b e n e f i t  s t r u c t u r e .  

Cancer b e n e f i t s  c u r r e n t l y  be ing  marketed should be s tud ied .  Two 

main approaches can be i d e n t i f i e d .  T),pe A i s  most popular  and pro-  

v ide s  de f ined  or scheduled b e n e f i t s  by s e r v i c e  ca t ego ry .  T~'pe B 

4See [20],  page 17. 
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i s  l e s s  used and pays lump-sum b e n e f i t s  by type of  cancer .  A sam- 

ple  o f  Type A b e n e f i t s  u s u a l l y  includes these  i tems: 

Hospi ta l  d a i l y  b e n e f i t s :  $50 per day, f i r s t  7 days; $30 

a day a f t e r  t ha t .  Includes  common a n c i l l a r y  s e r v i c e s .  

New s t ay  begins i f  p a t i e n t  i s  out of  h o s p i t a l  fo r  a t  

l e a s t  30 days.  

Drugs and medicines:  Often pays ac tua l  charges up to 10% 

of  the hosp i ta l  d a i l y  be ne f i t  payable.  

Specia l  nurs ing  s e r v i c e s :  Up to $24 d a i l y ,  $1,000 max. 

Blood and blood plasma: Actual charges ,  $300 l i f e t i m e  

maximum, but no limit for  leukemia. 

Anes thes ia :  Up to $70 per  ope ra t ion ,  but  $30 for  skin 

cancers .  

Ambulance: Up to $50 per  confinement,  $500 maximum. 

Radioac t ive  therapz:  Up to $1,000; some plans  pay the 

same for  chemotherapy. 

Phys ic ians  v i s i t s  in h o s p i t a l :  Up to $10 per  v i s i t  (one 

visit per day) and $600 maximum. 

Surgical procedures: By schedule, up to $500 maximum. 

T r a n s p o r t a t i o n :  By a i r  or r a i l  to d i s t a n t  t rea tment  cen- 

t e r s ,  up to $500 maximum. 

Other f e a t u r e s  sometimes found include:  "bonus" payment of 10% o f  

c la im amount to cover  non-medical loss ;  r e t u r n  of  a l l  premiums i f  

death occurs before  age 65; s h i f t  to 100% b a s i s  a f t e r  90 days in 

h o s p i t a l ,  with monthly maximum of $5,000. A f u r t h e r  option may 

allow b e n e f i t s  to be paid as i f  for  loss of  t ime ,  to avoid poss ib le  

bene f i t  reduct ion  through a pp l i c a t i on  of  COB prov i s ions  in other  

coverage the insured may have.  

The above bene f i t  a r r a y  has been found accep tab le  in most 

s t a t e s ;  spec i f i ed  minimum b e n e f i t s  Cas in Ca l i fo rn i a )  may be expec- 
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ted to increase periodically as inflation boosts costs. 5 Variations 

of Type A can also be found. One variation provides the same ser- 

vices without the internal limits, only an overall maximum of 

$10,000 or $20,000. Such a structure may become unworkable; it re- 

quires as much re-rating activity as a major medical product, but 

with a much lower premium base. 

Another variation of Type A has benefit levels that vary by age. 

To insureds under age 45, benefits are paid at 150% of the scheduled 

amounts. To those age 65 and over, benefits are paid at 75%. In a 

couple of plans, for attained ages over 65, benefits may reduce to 

20% or 25% of regular levels, to recognize the presence of Medicare; 

there is likely to be a corresponding drop in premiums. Note that 

the varied benefit attempts to achieve greater equity, since cancer 

plan premiums typically do not vary by age, while claim costs climb 

steeply as age increases. 

The T~rpe B cancer plan pays lump sum benefits at the time of 

diagnosis. Four categories are distinguished: (1) leukemia, for 

which the benefit amount is highest; (2) internal cancer, which is 

next highest; (5) skin cancers; and (4) lip cancers. Skin cancer 

benefits may be paid for up to 10 locations, while lip cancer bene- 

fits are limited to no more than two sites. The Type B approach 

typically includes an accident benefit so as to provide more bene- 

fits at tho younger ages and thereby achieve greater equity by age. 

Cancer benefits also may be used in all-cause plans; for in- 

stance, the daily hospital benefit may be doubled in a hospital in- 

SSee [23] for de ta i l s .  
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dem ni ty  c o n t r a c t  f o r  c o n f i n e m e n t s  due t o  c a n c e r .  A c o m p r e h e n s i v e  

major medical policy provides broad coverage, but it still does not 

cover everything. The catch-all "bonus" payment of 10% could be 

used to meet some of the expense not covered by major medical. 

Most companies have chosen the Type A approach. This means 

they sell a cancer-only specified package of benefits, with inter- 

nal limits to minimize the need for rate increases. All sales ma- 

terials should emphasize the need for other coverage, and, for Type 

A plans, avoid undue emphasis on the aggregate maximum benefit 

amount payable. Host companies sell one policy per family, but 

some a11ow the purchase of double benefits, or two "units" of co- 

verage. To clarify the extent of coverage, a realistic sample 

claim should be shown, along with a breakdown on benefits under the 

plan. If such disclosure were required, it might have more impact 

on the marketing of cancer plans than loss ratio requirements can, 

since misunderstanding of the scope of benefits seems to be a major 

cause for complaints. 

Once the benefit structure has been set, trial gross premiums 

may be calculated. An expected age distribution for new issues is 

needed because, although claim costs increase steeply by age, most 

cancer plans use very simple rate structures. There is one premium 

for individuals, one premium for families. Currently there is a 

move towards greater rate refinement, with some premiums coming out 

by sex and individual age at issue. This should help attract more 

of the younger lives. 

The marketing method --group or individual, agent-sold or 
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d i r e c t  m a r k e t e d - -  w i l l  i n f l u e n c e  t h e  premium s t r u c t u r e .  For  i n -  

s t a n c e ,  a g e n t - s o l d  i n d i v i d u a l  p o l i c i e s  p r e s u m a b l y  can make u s e  o f  

a more complex r a t e  c l a s s i f i c a t i o n ,  s i n c e  the  a g e n t  i s  p r e s e n t  to  

g i v e  a s s i s t a n c e ,  Any o f  t h e  group  a p p r o a c h e s ,  o r  t h e  d i r e c t - m a i l  

i n d i v i d u a l  method,  would p r o b a b l y  r e q u i r e  e a s y - t o - u n d e r s t a n d  r a t e  

s t r u c t u r e s .  Where d o e s  s t a t e  r e g u l a t i o n  come i n ?  

S t a t e  r e g u l a t i o n  w i l l  h a v e  an i m p a c t  on premium s t r u c t u r e  in  

t h e  form o f  m i n i m m  l o s s  r a t i o  r e q u i r e m e n t s  and p o l i c y  r e s e r v e  r e -  

q u i r e m e n t s .  The r e n e w a b i l i t y  p r o v i s i o n  o f  t h e  c o v e r a g e  w i l l  a f f e c t  

t h e  minimum r e q u i r e d  l o s s  r a t i o .  The k i n d  o f  c o v e r a g e  and t h e  a v e -  

r a g e  premium s i z e  may a l s o  c o n t r o l .  S i n c e  t h e  expense  f a c t o r  i s  

e f f e c t i v e l y  l i m i t e d  by the  minimum l o s s  r a t i o ,  t h e  m a r k e t i n g  method 

may be r e s t r i c t e d  i n  t u r n .  These  i n t e r r e l a t i o n s h i p s  can become 

q u i t e  complex.  

P r o b a b l y  t h e  b e s t  p l a c e  to  b e g i n  i s  to  d e c i d e  on the  r e n e w a b i -  

l i t y  p r o v i s i o n .  Few c a n c e r  p l a n s  a r e  n o n - c a n e e l l a b l e ,  most  a r e  

g u a r a n t e e d  r e n e w a b l e  wi th  t h e  r i g h t  r e s e r v e d  by the  i n s u r e r  to  i n -  

c r e a s e  premiums.  ~ number o f  c a n c e r  p l a n s  u s e  a l i m i t e d  r i g h t  t o  

non- renew p r o v i s i o n .  Very few w i l l  be s t r i c t l y  o p t i o n a l l y  renew- 

a b l e ,  t h a t  i s ,  c a n c e l l a b l e  i n d i v i d u a l l y  f o r  any r e a s o n .  

Assuming t h a t  t h e  p r e s s u r e  o f  c o m p e t i t i o n  in  t h e  c a n c e r  i n s u r -  

ance marke t  l i m i t s  t h e  c h o i c e  h e r e  to  G.R. o r  to  n o n - r e n e w a b l e  f o r  

s t a t e d  r e a s o n s  o n l y :  the  NAIC model g u i d e l i n e s  w i l l  c a l l  f o r  a 

55~ minimum a n t i c i p a t e d  l o s s  r a t i o  f o r  e i t h e r  c a s e .  F u r t h e r m o r e ,  

t he  g u i d e l i n e s  a l l o w  a 5 - p o i n t  r e d u c t i o n  f o r  a v e r a g e  premiums under  

$200, and a n o t h e r  such r e d u c t i o n  f o r  c a s e s  where the  a v e r a g e  p r e -  
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mium i s  under  $100. The b a s i s  i s  t h e  ave rage  prenium f o r  a g i v e n  

p o l i c y  form, i n c l u d i n g  any r i d e r s  o r  endorsements .  

[Note:  Not a l l  s t a t e s  w i l l  adop t  the  NAIC model, and many 

t h a t  do w i l l  i n t r o d u c e  v a r i a t i o n s .  T h e r e f o r e ,  each s t a t e ' s  

r u l e s  must be c o n f i r m e d . ]  

In a d d i t i o n ,  c e r t a i n  cove rages  c a l l  f o r  s p e c i a l  c o n s i d e r a t i o n ,  

a c c o r d i n g  t o  the  model g u i d e l i n e s ;  cance r  i s  one o f  t h e s e .  Com- 

b i n i n g  a l l  t h e s e  p o i n t s ,  i t  may b e g i n  to  appear  t h a t  a t a r g e t  l o s s  

r a t i o  o f  40% to  45% may be used f o r  a Type A l i m i t e d  package  o f  

cancer  c a r e  b e n e f i t s .  Such a l e v e l  i s  " r e a s o n a b l e , "  but  o n l y  to  

someone who i s  f a m i l i a r  w i th  the  n a t u r e  o f  t he  r i s k  and t h e  p rob-  

lems o f  m a r k e t i n g  a r e l a t i v e l y  low-premium p r o d u c t .  A more r e a l -  

i s t i c  a s sumpt ion  i s  t h a t  most s t a t e s  w i l l  r e q u i r e  an expec t ed  l o s s  

r a t i o  o f  a t  l e a s t  50%. 

I f  an i n s u r e r  has op ted  fo r  a p o l i c y  t h a t  i s  non- renewable  f o r  

s t a t e d  r ea s ons  o n l y ,  he w i l l  en joy  t h e s e  a d v a n t a g e s :  t h i s  p r o v i s i o n  

a l l o w s  f o r  a c t i o n  on a s t a t e  by s t a t e  b a s i s ;  a d d i t i o n a l  p o l i c y  r e -  

s e r v e s  a re  not  r e q u i r e d  i n  most s t a t e s .  Also ,  f o r  the  p o l i c y h o l d e r ,  

a l t h o u g h  the  p l an  i s  not  G .R. ,  no i n d i v i d u a l  c a n c e l l a t i o n  can occur ;  

premiums w i l l  be lower  than  i f  the  p l a n  were G.R. 

E x c e p t i o n :  Under one s t a t e ' s  r u l e s  6 the  c l a s s i f i c a t i o n  o f  the  

p o l i c y  w i l l  change ,  f o r  r e s e r v i n g  p u r p o s e s ,  to  be e q u i v a l e n t  to  

g u a r a n t e e d  r enewab le ,  i f  premiums a re  l e v e l  and a r a t e  i n c r e a s e  has 

been e f f e c t e d .  At t h a t  t i m e ,  a d d i t i o n a l  r e s e r v e s  ~us t  be s e t  up, 

to  be funded out  o f  f u t u r e  premiums, t r e a t i n g  the  da te  o f  the  p r e -  

6 I l l i n o i s ,  Rule 20 .04 .  
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mium increase as the date o f  issue and using the a t t a ined  ages o f  

the insureds a t  that  t ime as the " i ssue age." Premiums must be 

leve l  by issue age otherwise.  

With cancer plans tha t  have a s ing le  ra te  base, the quest ion 

may come down to  whether t h i s  " s t r u c t u r e "  represents a " l e v e l "  pre- 

mium or  an " s v e r a g e "  premium.  An " a v e r a g e "  premium i m p l i e s  a group 

o r  q u a s i - g r o u p  r a t i n g  a p p r o a c h .  The c l o s e s t  example  we e n c o u n t e r e d  

o f  t h i s  q u e s t i o n  i n v o l v e d  a c a n c e r  p l a n  w i t h  two premium c l a s s e s ,  

under  65,  and age  65 and o v e r .  Premiums d i d  no t  change  a t  age  6S. 

B e n e f i t s  were  t h e  same f o r  a l l  a g e s .  Two m a r k e t i n g  methods  were  

u s e d :  f r a n c h i s e  group and i n d i v i d u a l  i s s u e s .  Premiums and p o l i c y  

forms  were  v i r t u a l l y  i d e n t i c a l .  The f r a n c h i s e  p l a n  r e q u i r e d  con-  

t i n u e d  membersh ip  in  t h e  g roup ,  bu t  a l lowed  n o n - r e n e w a l  o£ t h e  whole 

g roup .  The i n d i v i d u a l  p l a n  a l l o w e d  non - r enewa l  o f  a l l  p o l i c i e s  in  

one s t a t e .  A f t e r  due c o n s i d e r a t i o n ,  an a d d i t i o n a l  r e s e r v e  was r e -  

q u i r e d  by t h e  s t a t e  in  q u e s t i o n  f o r  the  i n d i v i d u a l  c o v e r a g e  bu t  not  

f o r  t h e  f r a n c h i s e  p l an .  T h i s  r e s u l t  e m p h a s i z e s  t h e  need to  b e t t e r  

d e f i n e  t h e  f u n c t i o n  o f  a d d i t i o n a l  p o l i c y  r e s e r v e s  f o r  p l a n s  t h a t  

a r e  no t  g u a r a n t e e d  r e n e w a b l e .  

U n d e r ~ r r i t i n g  o f  c a n c e r  p o l i c i e s  o c c u r s  in  o n l y  t h r e e  o f  t h e  

f i v e  u s u a l  ways :  in  t h e  a p p l i c a t i o n ,  in  t he  c o n t r a c t ,  and a t  t i m e  

o f  c l a i m .  T h e r e  i s  no med ica l  c x a m i n a t i u n ;  t h e r e  i s  no APS. A 

q u e s t i o n  i n  t h e  app may ask  w h e t h e r  any p e r s o n  f o r  whom c o v e r a g e  

i s  r e q u e s t e d  h a s  e v e r  been d i a g n o s e d  to  have  c a n c e r  ( a s  d e f i n e d ) .  

Somet imes ,  i n s t e a d  o f  a q u e s t i o n ,  the  a p p l i c a n t  must acknowledge  

h i s  u n d e r s t a n d i n g  o f  t h i s  l i m i t a t i o n ,  t h a t  i s ,  t h a t  t he  p l a n  w i l l  
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pay b e n e f i t s  on ly  f o r  cancer  f i r s t - d i a g n o s e d  a t  l e a s t  say,  90 days 

a f t e r  the  e f f e c t i v e  d a t e  o f  the  p o l i c y .  

The p o l i c y  r e p e a t s  t he  p r o v i s i o n  on t h e  90-day w a i t .  A l s o ,  the  

p o l i c y  d e s i g n ,  in  t he  form o f  a package o£ b e n e f i t s ,  i s  a method o f  

u n d e r w r i t i n g ,  s i n c e  i t  l i m i t s  t he  r i s k  on any one pe rson .  The p lan  

p r o m i s e s  to  pay b e n e f i t s  w i t h o u t  r ega rd  t o  any o t h e r  c o v e r a g e ,  but  

t h e r e  may be a l i m i t  " i n  t h i s  i n s u r e r . "  In such case ,  a pe r son  

w i t h  more t han  one p o l i c y  in  the  same i n s u r e r  w i l l  be pa id  under  

o n l y  one o f  them; any o t h e r s  w i l l  be v o i d ,  and premiums w i l l  be re -  

funded .  

The key underwriting task occurs at claim time, since an exami- 

nation of a11 applicants cannot be done at time of issue due to the 

expense. First, the presence of the malignancy ~ust be established 

by review of a qualified pathologist's diagnosis. The rest is in 

the timing. Evidence must support the contention that the manifes- 

tation of the disease first occurred at least 90 days after the 

plan's effective date. Any other finding effectively voids cover- 

age for that person; there ~ay be a return of premium. 

Regulatory requirements call for prompt and fair action by the 

insurer in settling claims. Privacy must be guarded. Delays may 

occur on an initial claim if information is lacking; but there is 

no defense for actions which may be prejudicial to the insured's 

rights. On the other hand, although the regulatory and judicial 

climate may currently favor the insured, there is nothing to pre- 

vent an insurer from bringing an action in response to a fraudulent 

claim, except, of course, the burden of proof. 
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In summary, t h e  p r o p o s a l  f o r  a c a n c e r  p l a n  has  r e s u l t e d  in  a 

p o l i c y  p r o v i d i n g  a r e l a t i v e l y  broad package  o f  s chedu led  b e n e f i t s ,  

t h e  same f o r  a l l  a g e s ,  d e s i g n e d  to  meet  minimum b e n e f i t  r e q u i r e -  

ments  and avo id  t h e  need f o r  premium r a t e  i n c r e a s e s .  Premiums have  

been s e t  on an a v e r a g e  basis to  a c h i e v e  a 50% a n t i c i p a t e d  l o s s  

r a t i o .  Commiss ions ,  e x p e n s e  a s s u m p t i o n s ,  and p r o f i t  and c o n t i n -  

gency  m a r g i n s  have  been e s t a b l i s h e d  to  r e f l e c t  t h i s  t a r g e t  l o s s  

r a t i o .  The m a r k e t i n g  p r o g r a m  i s  e x p e c t e d  t o  be mixed,  in  o r d e r  to  

m i n i m i z e  any need f o r  a d d i t i o n a l  p o l i c y  r e s e r v e s .  This  means t h a t  

t h e  same package  w i l l  be s o l d  e i t h e r  i n d i v i d u a l l y  or  on a f r a n c h i s e  

group  b a s i s ,  as  t h e  s i t u a t i o n  may r e q u i r e .  The f r a n c h i s e  a p p r o a c h  

w i l l  be emphas ized  to  r e a l i z e  expense  s a v i n g s  and o b t a i n  a b e t t e r  

s p r e a d  o f  r i s k s .  

I I I .  A MEDICARE SUPPLEI~.~NT POLICY 

Much a t t e n t i o n  has  been p a i d  by r e g u l a t o r s  t o  m a r k e t i n g  p r a c t i c e s  

used  i n  s e l l i n g  h e a l t h  i n s u r a n c e  to  p e r s o n s  o v e r  age 65. 7 T h i s  a g e  

group  i s  g rowing  s t e a d i l y ,  bo th  i n  s i z e  and i n  p o l i t i c a l  i n f l u e n c e  

- - t h a t ' s  p a r t  o f  t h e  r e a s o n .  Also ,  i t  has  d e v e l o p e d  i t s  own o r g a n i -  

z a t i o n s  and a d v o c a t e s ,  leben t h e  Medica re  law in  1965 made b a s i c  

h e a l t h  p r o t e c t i o n  a v a i l a b l e  to  t h i s  segment  o f  t he  p o p u l a t i o n ,  i t  

became a p p a r e n t  t h a t  t h i s  would be a good m a r k e t  f o r  h e a l t h  i n s u r -  

ance  p r o d u c t s  t h a t  were s u p p l e m e n t a l  i n  s c o p e .  

F i r s t  o f  a l l ,  t h e  M e d i c a r e  p rog ram was n o t  d e s i g n e d  to c o v e r  

7See [25] t h rough  [35] .  
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t h e  e n t i r e  h e a l t h  c a r e  needs  o f  t h o s e  o v e r  age  55 ,  as  t h e s e  a r e  

b r o a d l y  d e f i n e d .  P robab ly  l e s s  than  o n e - h a l f  o f  such c o s t s  were 

c o v e r e d  i n i t i a l l y ' ,  and c u r r e n t l y ,  i t  i s  e s t i m a t e d  t h a t  o n l y  about 

58~ o f  t h e s e  c o s t s  a r e  c o v e r e d  by Med ica re .  M e d i c a r e  supp lement  

(H/s )  p o l i c i e s  a r e  e s t i m a t e d  t o  c o v e r  about  5% o f  c o s t s ;  19 m i l l i o n .  

o f  t h e s e  p o l i c i e s  a r e  now in  f o r c e  w i t h  annual  premiums o f  about  $4 

b i l l i o n  ( f a l l ,  1979) .  8 

A second  g e n e r a l  r e a s o n  f o r  i n t e r e s t  in  s u p p l e m e n t i n g  H e d i c a r e  

l i e s  i n  t h e  n a t u r e  o f  t h e  s u p p l e m e n t a l  b e n e f i t  p a c k a g e  i t s e l f .  Be- 

n e f i t s  s u p p l e m e n t a l  to  H e d i c a r e  P a r t  A (HI) w i l l  be f a i r l y  w e l l  i n -  

s u l a t e d  f rom i n f l a t i o n ,  s i n c e  t h e y  a r e  u s u a l l y  s c h e d u l e d  amounts .  

Although the amounts change from year to year, gross premiums also 

are allowed to change automatically in most jurisdictions. As to 

benefits which supplement Part B (SHI), they are subject to infla- 

tion, but in M/s plans their scope is much more limited than that 

of a typical major medical plan sold under age 65. 

A third reason many insurers find this a viable market,, although 

they may not recognize it as a factor, is the presence of utiliza- 

tion controls in the Medicare program itself. This is especially 

true for medical care benefits, where "allowable" charge levels as 

d e f i n e d  by Med ica re  r u l e s  a r e  g e n e r a l l y  lower t h a n  " r e a s o n a b l e  and 

c u s t o m a r y "  c h a r g e  l e v e l s  as  r e c o g n i z e d  by most i n s u r e d  p l a n s .  Ob- 

v i o u s l y ,  t o  t a k e  a d v a n t a g e  o f  t h i s  c o n t r o l ,  t h e  H/ s  medica l  c a r e  

b e n e f i t  l e v e l  must be s t a t e d  i n  t e r m s  o f  "Medica re  a l l o w a b l e "  

c h a r g e  l e v e l s .  

8See [ 2 7 ] .  
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There  a r e  some o t h e r  good r e a s o n s  f o r  e n t e r i n g  t h i s  m a r k e t .  I f  

t h e  need i s  t h e r e ,  t h e  s a l e  shou ld  no t  be p a r t i c u l a r l y  d i f f i c u l t .  

The N/s  p l a n  i s  t h e r e f o r e  a good s o u r c e  o f  premium income f o r  t he  

i n s u r e r  and o f  c o m m i s s i o n s  f o r  t he  a g e n t .  Another  good r e a s o n ,  from 

t h e  a g e n t ' s  and i n s u r e r ' s  v i e w p o i n t ,  i s  t h a t  t he  c o n t a c t  w i t h  p e r -  

s o n s  o v e r  a g e  65 can p r o v i d e  r e f e r r e d  l e a d s  no t  o n l y  to  o t h e r s  in  

t h e  same a g e  g roup ,  bu t  a l s o  to  c h i l d r e n  and o t h e r  r e l a t i v e s  w i t h  a 

v a r i e t y  o f  i n s u r a n c e  needs  i n  a l l  l i n e s .  The most  c o m p e l l i n g  r e a -  

son  o f  a l l ,  o f  c o u r s e ,  i s  t h a t  ASH i n s u r e r s  may have  no c h o i c e  in  

t h a t  s t a t e  bu t  to o f f e r  an M/s p rogram.  9 

S t a t e  r e g u l a t i o n s  a p p l i c a b l e  to  t h i s  s p e c i f i c  h e a l t h  i n s u r a n c e  

p r o d u c t  have  grown to s t a g g e r i n g  p r o p o r t i o n s  in  r e c e n t  y e a r s .  The 

s t a t u t e s  and r e g u l a t i o n s  o f  t h e  f o l l o w i n g  s t a t e s  may s e r v e  a s  a 

s t a r t i n g  p o i n t  in  any a t t e m p t  to  u n d e r s t a n d  what i s  h a p p e n i n g :  

C a l i f o r n i a ,  Co lo rado ,  De laware ,  F l o r i d a ,  I l l i n o i s ,  Iowa,  Massachu-  

s e t t s ,  M i c h i g a n ,  M i n n e s o t a ,  New J e r s e y ,  New York,  Oregon,  Sou th  

Dakota ,  Vermont ,  and W i s c o n s i n .  In some o f  t h e s e  s t a t e s ,  r u l e -  

making  may s t i l l  be i n  "the i n i t i a l  s t a g e s .  

The NAIC has  d e v e l o p e d  model p r o v i s i o n s  as  p a r t  o f  i t s  Minimum 

S t a n d a r d s  Act .  The H e a l t h  I n s u r a n c e  A s s o c i a t i o n  o f  America  h a s  

formed a commi t t ee  on the  s u b j e c t ;  t h e  U n i t e d  S t a t e s  C o n g r e s s  has  

i t s  own c o m m i t t e e s  a l s o .  10 The F e d e r a l  T r a d e  Commission i s  promo- 

t i n g  l e g i s l a t i o n  to  r e q u i r e  t h e  HEW " S e a l  o f  A p p r o v a l "  f o r  M/s 

p l a n s  i s s u e d  in s t a t e s  which do no t  have  r e g u l a t i o n s  o f  t h e i r  own. 

A d d i t i o n a l  F e d e ra l  l e g i s l a t i o n  i s  b e i n g  p roposed  to  a l l ow  i n s u r a n c e  

9Mich igan ,  HCLA §500.2265.  lOsee  [ 2 9 ] .  
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commissioners  to take  j u r i s d i c t i o n  over  d i r e c t  mail s a l e s  in  t h e i r  

11 
s t a t e s ,  not now r e g u l a t e d  by them. 

This  growth in  s t a t e  r e g u l a t i o n  and Federal i n t e r e s t  can be 

a t t r i b u t e d  to the  f o l l o w i n g :  (a) unusual  market ing  abuses ,  espe-  

c i a l l y  in  the a r e a  o f  d i s c l o s u r e  o f  b e n e f i t s ;  (b) i n a b i l i t y  o f  the 

publ ic  to make meaningful  comparisons of  d i s s i m i l a r  p roduc t s ;  

(c) gene ra l  v u l n e r a b i l i t y  o f  the ove r  age 65 popu la t ion ,  combined 

with lack o f  i n f o r m a t i o n ;  (d) r e l a t i v e l y  high s a l e s  compensation 

coupled with a low r e t u r n  to p o l i c y h o l d e r s ,  when measured by " l o s s  

r a t i o "  r e s u l t s .  12 

Because of  t he se  c o n d i t i o n s ,  Medicare supplement r e g u l a t i o n s  

have emphasized t he se  e lements :  mandated b e n e f i t s ;  minimum loss  

r a t i o s ;  adequate d i s c l o s u r e .  Buyers '  guides a re  becoming more 

13 
common, and t h e s e  must be provided to p rospec t s  at or  b e f o r e  the  

time o f  s a l e .  The " ten  day f r ee  look" has been enforced .and ex ten-  

ded to a longer  pe r iod  in some cases .  A f i na l  r e g u l a t o r y  element 

should be r epea ted  he re :  mandated a v a i l a b i l i t y  of  ~l/s coverage .  So 

f a r ,  t h i s  c o e r c i v e  approach to handl ing  the problem has not become 

widespread.  

Cancer care  p o l i c i e s  and Hedicare  supplement plans show many 

s i m i l a r i t i e s  in d e s i g n  and marke t ing .  For i n s t a n c e ,  h igh cancer  

inc idence  r a t e s  make the over  65 age group a prime market fo r  can- 

l lH.R. 2602; H.R. 4000. 

12See [26],  pages 78-79. Also see [27].  

13See [31) through [35]. 
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cer  cove rage ;  for  both p lans  s a l e s  techniques  have invo lved  a rous ing  

the  f e a r s  o f  the  p rospec t ;  both plan types a re  des igned  to provide  

supplemental  b e n e f i t s ;  e a r l y  l o s s  r a t i o s  may appear  to  be low for  

c e r t a i n  p l ans  of  each type ( t h i s  r e l a t e s  to the scope of  b e n e f i t s ,  

w a i t i n g  p e r i o d s ,  e t c . ) .  

There a r e  important  d i f f e r e n c e s  too: more b e n e f i t  v a r i a t i o n s  

have been used  in the des ign  of  the  M/s p lans ;  more compla in ts  have 

probably  been made about b e n e f i t s  which were thought  to be covered 

under the M/s plans;  a c t i v e  promotion of  M/s plans by some r e gu l a -  

t o r s  has occur red ,  a f a r  d i f f e r e n t  s tance  from t h a t  adopted towards 

cancer  p l a n s .  

Perhaps the  b i g g e s t  problem - - a t  l e a s t  the most d r a m a t i c - -  t ha t  

has been found with Medicare supplement p lans  i s  t h a t  of  m u l t i p l e  

s a l e s ,  many p o l i c i e s  to the same insured .  The s o l u t i o n  to t h i s  

problem should be one o f  the b a s i c  goals  o f  the plan des ign .  Bene- 

f i t  s t r u c t u r e  should be under s t andab le ;  the p o s s i b i l i t y  for  over -  

lapping coverage  should be minimized.  Cur ren t ly -marke ted  ~l/s p o l i -  

c i e s  a re  des igned  in a t  l e a s t  t h r e e  fundamental ways: l im i t e d  bene- 

f i t  p lans ,  comprehensive p lans ,  and " b u i l d i n g  block" p lans .  

Limited b e n e f i t  plans have scheduled b e n e f i t s ,  but u s u a l l y  no out-  

o f - h o s p i t a l  coverage;  maximums a r e  low. Comprehensive plans may be 

scheduled or  unscheduled; they cover  expenses i ncu r r ed  in or out 

of  the h o s p i t a l .  Plan maximums tend to be high.  

"Bui ld in$  b lock"  plans combine c e r t a i n  f e a t u r e s  o f  the  f i r s t  two 

types ,  u s ing  a l imi ted  i n - h o s p i t a l  bene f i t  as the s t a r t i n g  po in t .  

Addi t ional  b e n e f i t s  a re  a v a i l a b l e  by r i d e r  to complete the program; 
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t h i s  i s  c o n v e n i e n t  i f  a t  f i r s t  t he  f u l l  premium fo r  t he  more compre- 

h e n s i v e  program i s  n o t  a v a i l a b l e .  S t i l l ,  t h e  f i n a l  package may pro-  

v i d e  less  o v e r a l l  c o v e r a g e  than  a comprehens ive  p l a n .  

As a p r a c t i c a l  m a t t e r ,  the comprehens ive  p l an  approach must  be 

adop ted  u n l e s s  the  i n s u r e r  can a v o i d  m a r k e t i n g  in  c e r t a i n  s t a t e s ;  

t h e  on ly  a l t e r n a t i v e  i s  a more complex Medicare  supplement  s e r i e s ,  

where s e v e r a l  p o l i c y  forms are  d e v e l o p e d ,  geared  to  g r o u p i n g s  o f  

s t a t e s .  In  any case ,  t he  s i g n i f i c a n t  d e c i s i o n s  l e f t  open narrow 

down t o  about  h a l f  a dozen f e a t u r e s  o f  t h e  b e n e f i t  s t r u c t u r e ,  as 

f o l l o w s :  

1. The P a r t  A Medicare  d e d u c t i b l e  and copayments  a re  u s u a l l y  cov-  

e r e d ,  t h rough  the  60-day  l i f e t i m e  r e s e r v e .  Some r e g u l a t i o n s  r e q u i r e  

f u l l  cove rage  a f t e r  t h i s  r e s e r v e  has been e x h a u s t e d .  An a l t e r n a -  

t i v e  he re  would be t o  o f f e r  a d a i l y  b e n e f i t  equal  to  the  d e d u c t i b l e ,  

o r  perhaps  up to tw ice  the  d e d u c t i b l e  f o r  each day o f  h o s p i t a l  con- 

f i nemen t  a f t e r  the  r e s e r v e  i s  used .  The d e d u c t i b l e  amount i s  nomi- 

n a l l y  supposed to  r e p r e s e n t  the  c o s t  o f  one day i n  the  h o s p i t a l ,  

bu t  i t  i s  p r o b a b l y  too  low. R e l a t i n g  t h i s  extended d a i l y  b e n e f i t  

maximum to  the  d e d u c t i b l e  s i m p l i f i e s  p r i c i n g  and keeps pace w i t h  

i n f l a t i o n .  

2. Extended care  in  a s k i l l e d  n u r s i n g  f a c i l i t y  i s  u s u a l l y  cove red  

i n  the  amount o f  the  copayment f o r  days 21-100 .  Beyond 100 days 

Medicare  b e n e f i t s  c e a s e ,  fo r  t h a t  s p e l l  o f  i l l n e s s .  Some M/s p l a n s  

p r o v i d e  b e n e f i t s  f o r  s t a y s  l o n g e r  than 100 days ,  out  to  two or  

t h r e e  y e a r s .  Such l ong  s t a y s  a re  r a r e ;  t h e  ave rage  s t a y  i s  under  

50 days .  Long s t a y s  t e n d  to  i n v o l v e  o t h e r  t ypes  o f  ca re ,  such as 
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intermediate care or custodial care. State regulation may mandate 

inclusion of intermediate care facilities as providers of skilled 

nursing services it that level of care is actually provided. 

3. Medicare does not cover the first three pints of blood or blood 

plasma. This benefit is becoming more coarsen in M/s plans, revers- 

ing the assumption that voluntary donors or credits are usually 

available and preferable. 

4. .Provision for reimbursement of the Part B $60 calendar year de- 

ductible has had the most variations. First, it may be completely 

excluded. Second, it may be covered in-hospital only. Third, it 

may be c o v e r e d  as  a d i s a p p e a r i n g  d e d u c t i b l e .  F ou r th ,  i t  may be 

c o v e r e d  100% i f  i n  h o s p i t a l ,  and i g n o r e d  f o r  e x p e n s e s  i n c u r r e d  o u t  

o f  h o s p i t a l ,  t h a t  i s ,  t r e a t e d  as  p a r t  o f  t h e  e l i g i b l e  e x p e n s e s  t h a t  

a r e  r e i m b u r s e d  a t  20% o f  RSC. F i f t h ,  i t  may be  r e i m b u r s e d  f u l l y .  

5. The P a r t  B 20% c o i n s u r a n c e  ( a f t e r  t h e  f i r s t  $60 p e r  y e a r )  has  

s e v e r a l  v a r i a t i o n s ,  t o o .  The minimum i s  to  p a y  i t  on ly  i f  due t o  

h o s p i t a l  c o n f i n e m e n t .  The maximum, one may s u r m i s e ,  would be to  

pay t h e  whole 20%, in  o r  o u t  o f  h o s p i t a l .  T h i s  i s  wrong. The m a x i -  

mum b e n e f i t  h e r e  i s  to  pay  t h e  e x c e s s  o f  r e a s o n a b l e  and c u s t o m a r y  

m e d i c a l  expense  c h a r g e s  o v e r  80% o f  what M e d i c a r e  a l l o w s ,  s i n c e  

" a l l o w a b l e "  c h a r g e s  w i l l  be l e s s  than  R~C. One s t a t e  may r e q u i r e  

14 
this maximum. 

6. O u t - o f - h o s p i t a l  p r e s c r i p t i o n  d r u g s  and p r i v a t e  du ty  n u r s i n g  a r e  

no t  c o v e r e d  by ~ led ica re  a t  a l l .  I n s u r e r s  a r e  o f t e n  c r i t i c i z e d  f o r  

not  p r o v i d i n g  b e n e f i t s  in  t h e s e  a r e a s .  They a r e  a l s o  c r i t i c i z e d  

1 4 ~ s s a c h u s e t t s .  
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f o r  not  c o v e r i n g  c u s t o d i a l  c a r e ,  o r  o u t p a t i e n t  p s y c h i a t r i c  c a r e  be-  

yond what Med ica re  p r o v i d e s .  To what e x t e n t  can any o f  t h e s e  bene-  

f i t s  be c o v e r e d ,  i f  a t  a l l ?  

The p l a n  f e a t u r e s  o u t l i n e d  above  a r e  r e l i s t e d  below w i t h  s u g g e s -  

t e d  c o v e r a g e s  to  bc used  in  a c o m p r e h e n s i v e  p l an .  T h i s  p l a n  w i l l  

no t  be s o l d  where s t a t e  r e g u l a t i o n  i s  " c o e r c i v e , "  b e c a u s e  t h e r e  t h e  

c h o i c e s  h a v e  a l r e a d y  been made.  Note t h a t  c e r t a i n  a l t e r n a t i v e s  f i t  

t he  c o n c e p t  o f  c a t a s t r o p h i c  c o v e r a g e ,  i f  t h i s  i s  t h e  m a r k e t i n g  

image d e s i r e d .  

(1) H o s p i t a l  d e d u c t i b l e  and copayments  a r e  a l w a y s  c o v e r e d .  Af-  

t e r  t h e  60 d a y s '  l i f e t i m e  r e s e r v e  has  been u sed ,  c o v e r a g e  unde r  t he  

H/s  p l a n  s h o u l d  t a k e  o v e r ,  r u n n i n g  out  to  a f u l l  y e a r  o f  h o s p i t a l i -  

z a t i o n ,  o r  u n l i m i t e d  i f  c a t a s t r o p h e  needs  a re  s t r e s s e d .  A s t a t e d  

maximum d a i l y  b e n e f i t  should  be u s e d ,  r e l a t i n g  to  the  P a r t  A deduc-  

t i b l e  i f  p o s s i b l e .  

(2) S k i l l e d  n u r s i n g  c a r e  can  be hand led  b e s t  by p a y i n g  t h e  co-  

payment  f o r  days  21-100 and s t o p p i n g  t h e r e .  C a t a s t r o p h e  emphas i s  

c a l l s  f o r  an e x t e n s i o n ,  c o n s i s t e n t  w i t h  t h a t  f o r  h o s p i t a l .  

(3) C o v e r a g e  o f  t he  f i r s t  3 p i n t s  o f  blood i n v o l v e s  a s i g n i f i -  

c a n t  c o s t .  I t  may become n e c e s s a r y  f o r  c o m p e t i t i v e  r e a s o n s .  

(4) The P a r t  B $60 d e d u c t i b l e  should  be e i t h e r  c o m p l e t e l y  ex -  

c luded  or  e l s e  c o m p l e t e l y  i g n o r e d .  I f  i t  i s  c o v e r e d ,  t h e r e  w i l l  be 

many smal l  c l a i m s .  For many i n s u r e d s ,  t h e  annual  g r o s s  premium f o r  

i t  w i l l  e x c e e d  $60 ( i n  and out  o f  h o s p i t a l  b o t h ) .  

(S) The 20% c o i n s u r a n c e  s h o u l d  be p a i d  on a r e a s o n a b l e  and c u s -  

tomary b a s i s ,  a f t e r  t he  f i r s t  $60 p e r  y e a r .  I f  t h e  gap between RSC 
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and Medicare " a l l o w a b l e "  charge  l e v e l s  becomes too  g r e a t ,  t h i s  p e r t  

c en t age  can be i n c r e a s e d .  The f i x e d  p e r c e n t a g e  approach speeds  up 

c l a i m  s e t t l e m e n t ,  s i n c e  t h e r e  i s  no need to  hea r  from Medica re .  

A l so ,  i t  l e a v e s  a sma l l  gap i n  the  c h a r g e s  so t h a t  the  i n s u r e d  re -  

mains i n t e r e s t e d  in  expense l e v e l s .  An o u t - o f - p o c k e t  maximum can 

be used to  keep t h i s  gap from becoming a h a r d s h i p .  

(6) Medicare d id  not  f i n d  i t  f e a s i b l e  to  c o v e r  t he se  i t e m s ;  i n -  

s u r e r s  may come t o  t he  same c o n c l u s i o n .  P r e s c r i p t i o n  d r u g s  are  

h i g h  f r equency ,  low c o s t  i t e m s .  S p e c i a l  sys tems are  r e q u i r e d  fo r  

management c o n t r o l .  S ince  t h i s  i t em i s  seldom covered  in  M/s p l a n s ,  

i t s  i n c l u s i o n  i s  l i k e l y  to  r e s u l t  in  s e l e c t i o n  a g a i n s t  t he  i n s u r e r ,  

a t  l e a s t  e x p e r i e n c e  shows t h i s  to  happen.  Th i s  i s  a problem t h a t  

even r e l a t i v e l y  h i g h  d e d u c t i b l e s  cannot  s o l v e .  Leave i t  o u t .  

P r i v a t e  du ty  n u r s i n g  i s  a h i g h  c o s t ,  low f requency  i tem,  j u s t  the 

o p p o s i t e  o f  d rugs .  Aged pe r sons  who need t h i s  l e v e l  o f  c a r e  are 

l i k e l y  to  be h o s p i t a l i z e d .  I f  they are  ambu la to ry ,  home h e a l t h  

v i s i t s  a re  a v a i l a b l e .  The b e n e f i t  i s  l i t t l e  used ,  but  may be i n -  

c luded  i f  the  s t r e s s  i s  on c a t a s t r o p h e  c a r e .  C u s t o d i a l  c a r e  i s  un- 

i n s u r a b l e .  ( ) u t p a t i e n t  p s y c h i a t r i c  ca re  can be covered  50%-50% as 

done by Medicare ,  out  to  $1,000 w i thou t  much problem,  i f  t h i s  i s  

d e s i r e d ,  bledicare pays h a l f  o f  the  f i r s t  $500 on ly .  

One o t h e r  b e n e f i t  may be c o n s i d e r e d  fo r  the  ove r  age 65 marke t :  

a d a i l y  h o s p i t a l  b e n e f i t  for  the  f i r s t  60 days in  a s p e l l  o f  i l l -  

ne s s .  S ince  ~ledicare covers  t h i s  p e r i o d  f u l l y  (except  f o r  the  de- 

d u c t i b l e ) ,  t h i s  b c n e f i t  should  be s o l d  as  an income b e n e f i t .  I t  

may be o f f e r e d  wherc the agent  f i nd  a comprehens ive  b~/s p l a n  a l -  
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r e a d y  in  p l a c e ,  i f  t he  a £ e n t ' s  o ~  bl/s p l a n  i s  not  s u p e r i o r .  The 

use  o f  t h i s  b e n e f i t  in  c o m b i n a t i o n  w i t h  an M/s p l an  may be n e c e s -  

sary to  comply w i t h  minimum s t a n d a r d s  t e s t e d  by e q u i v a l e n c y  r u l e s .  

T h i s  happens  i f  t h e  i n s u r e r  p r e f e r s  no t  to  c o v e r  t he  P a r t  B $60 de -  

d u c t i b l e .  The h o s p i t a l  income b e n e f i t  f o r  days 1-60 w i l l  p r o v i d e  

15 
the  e x t r a  p o i n t s .  

S p e c i f i c  p l a n  d e s i g n  f e a t u r e s  a r e  d e t a i l e d  in  the  r e g u l a t i o n s  

o f  M a s s a c h u s e t t s ,  M i c h i g a n ,  ~ l i nneso t a ,  and W i s c o n s i n  {and o t h e r s ,  

no d o u b t ) .  M a s s a c h u s e t t s  r u l e s  mandate  v e r y  c o m p r e h e n s i v e  minimum 

b e n e f i t s )  i n c l u d i n g  d r u g s ,  a l t h o u g h  d e d u c t i b l e s  a r e  a l l o w e d .  M i c h i -  

gan r u l e s  r e q u i r e  f u l l  c o v e r a g e  o f  a l l  gaps ,  no e x c l u s i o n s  e x c e p t  

t h o s e  f o r  M e d i c a r e ,  and no l i m i t s  on p r e - e x i s t i n g  c o n d i t i o n s .  Min- 

n e s o t a  d e f i n e s  a q u a l i f i e d  p l a n  and a p p l i e s  an e q u i v a l e n c y  t e s t  to  

d e v i a t i o n s  f rom i t .  The W i s c o n s i n  r u l e  o u t l i n e s  f o u r  p l a n  t y p e s ;  

a t  l e a s t  one o t h e r  s t a t e  may f o l l o w  t h i s  p a t t e r n .  In  o t h e r  s t a t e s ,  

t he  g e n e r a l  r u l e  f o r  a p l a n  to  be s o l d  as  a Med ica re  supp l eme n t  i s  

t h a t  i t  must  p r o v i d e  t h e  same scope o f  b e n e f i t s  as  M e d i c a r e ;  i t  

need no t  go beyond t h i s ,  i t  may have  l i k e  e x c l u s i o n s .  

Premium s t r u c t u r e ,  r e n e w a b i l i t y ,  and r e s e r v e  r e q u i r e m e n t s  have  

not  been  u n u s u a l l y  a f f e c t e d  by s t a t e  r e g u l a t i o n .  But premium l e v e l s  

have been  h i t  by l o s s  r a t i o  t e s t s .  The NAIC f i l i n g  g u i d e l i n e s  c a l l  

f o r  60% as  t h e  t a r g e t ,  as  do a number o f  s t a t e s .  S e v e r a l  s t a t e s  

r e q u i r e  a 65% l o s s  r a t i o ;  Congre s s  t a l k s  o f  a 70% r e q u i r e m e n t .  

Premium s t r u c t u r e  may be v e r y  s i m p l e :  one premium,  u n i s e x  b a s i s ,  

same f o r  a l l  a g e s .  Or i t  may be complex:  male and f e m a l e  r a t e s  i n  

f ive-year  age  groupings. Premiums a r e  a l m o s t  a lways  l e v e l ,  based  

15Minnesota  t e s t  o f  a c t u a r i a l  e q u i v a l e n c e .  
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on o r i g i n a l  issue age, but wi th  automatic  changes as Medicare pro-  

v i s i o n s  change. P o l i c i e s  are  usua l ly  guaranteed renewable fo r  l i f e  

(sometimes mandatory),  Level-premium, C.R. p o l i c i e s  r eq u i r e  add i -  

t i ona l  r e s e r v e s .  S t a t u t o r y  minimum s tandards  have not yet  been 

adopted,  al though the 1974 Medical Expense Tables  have been pro- 

16 
posed. Unfor tuna te ly ,  these  t ab l e s  do not provide f a c t o r s  for  

comprehensive Par t  B b e n e f i t s ,  making t h e i r  a p p l i c a b i l i t y  l i m i t e d .  

Also, they appear not to have been t e s t e d  a g a i n s t  ac tua l  Medicare 

exper ience .  The most p r a c t i c a l  approach under the c i rcumstances  i s  

to base add i t iona l  r e s e r v e s  on the expected morbid i ty  assumed in 

the premium c a l c u l a t i o n  (u l t ima t e  b a s i s ] ,  as would be done for  a 

major medical plan.  

But bene f i t s  change each year.  One way to  cope with changing 

Part  A amounts i s  to a d j u s t  r e se rves  annua l ly ,  using a dual c a l c u -  

l a t i o n .  Those b e n e f i t s  sub jec t  to change may be valued per  $4 o f  

Part  A deduc t ib le ;  a l l  o t h e r  bene f i t s  would be grouped and valued 

per  po l i cy .  Both v a l u a t i o n s  would use o r i g i n a l  issue ages ,  This 

approach is  convenient  and not ove r ly  c o n s e r v a t i v e .  At l e a s t  one 

state applies its loss ratio test ignoring the increase in addi- 

17 
tional reserves. No state has yet specified a Tequired method of 

r e s e r v e  s t r eng then ing ,  e i t h e r  for  M/s plans ( sub jec t  to b e n e f i t  

changes) or for  major medical  plans ( sub jec t  to  i n f l a t i o n ) ,  beyond 

16Anthony J .  Houghton and Ronald M. Wolf, "Development of  the 1974 
Medical Expense T a b l e s . "  Transac t ions ,  Socie ty  of  Ac tuar ies  
30: 9-69; d i scuss ion ,  71-123. 

17Colorado; see lO-B-lOl{1).  

- 9 2  - 



t he  g e n e r a l  r e q u i r e m e n t  o f  a d e q u a c y .  In t h i s  c o n n e c t i o n ,  n o t e  t h a t  

a l t h o u g h  a s t a t e  may r e q u i r e  a u t o m a t i c  b e n e f i t  i n c r e a s e s  as  Med ica re  

c h a n g e s ,  t h e  c o r r e s p o n d i n g  a d j u s t m e n t  to  premiums may r e q u i r e  a d e -  

m o n s t r a t i o n  t h a t  t a r g e t  l o s s  r a t i o s  a r e  b e i n g  me t .  I f  t h e y  a r e  n o t ,  

t he  r u l e  may c a l l  f o r  a r a t e  r e d u c t i o n .  18 

Loss  r a t i o  r e g u l a t i o n  l i m i t s  methods  o f  d i s t r i b u t i o n .  The mas- 

t e r  GA a r r a n g e m e n t ,  w i t h  g r o s s  a l l o w a n c e s  o f  80% f i r s t  y e a r  and 25% 

in  r e n e w a l s  y e a r s ,  may be a t h i n g  o f  t h e  p a s t  in  most  s t a t e s .  To 

a c h i e v e  a l o s s  r a t i o  o f  65%, a g e n t  compensa t ion  must  be r educed  to  

about  40% f i r s t  y e a r ,  10% t h e r e a f t e r .  A d i r e c t  m a r k e t i n g  i n s u r e r ,  

p a y i n g  no c o m m i s s i o n s ,  m y  be  a b l e  to  o p e r a t e  w i t h i n  a 75% expec -  

t e d  l o s s  r a t i o  l e v e l .  However ,  t h e  p roduc t  may n o t  be t h e  answer  

to  e v e r y o n e ' s  n e e d s ,  o r  i t  may n o t  be o b t a i n a b l e .  

I n i t i a l  u n d e r w r i t i n g  o f  a p p l i c a n t s  f o r  M/s p o l i c i e s  has  t aken  

two common f o r m s :  (1) a c c e p t  o r  r e j e c t ,  s i m p l i f i e d  app,  s i n g l e  

r a t e  t a b l e ;  (2) s u b s t a n d a r d  a p p r o a c h ,  s t a n d a r d  app ,  up to  f o u r  r a -  

t i n g  t a b l e s .  P r o b a b l y  about  t h e  same number o f  r e j e c t i o n s  occu r  

i n  bo th  s y s t e m s .  I t  i s  l i k e l y  t h a t  a g e n t s  w i l l  n o t  submi t  apps  i f  

t h e y  a n t i c i p a t e  a r e j e c t i o n ;  b u t  t h e  g e n e r a l  i d e a  i s  to  a v o i d  the  

" s u r e  c l a i m . "  S t a t e  r e g u l a t i o n s  have  a l lowed  bo th  a p p r o a c h e s .  An 

e x c e p t i o n  i s  Mich igan  which a l l o w s  no r e s t r i c t i o n s  u n l e s s  t h e  ap-  

p l i c a n t  was without group or individual medical expense insurance 

(reimbursement type) throughout the five-year period just prior to 

18Colorado Rule 78-1 r e q u i r e s  60% l o s s  r a t i o ;  1 0 - 8 - 1 0 2 . 5 ( 2 )  p r o -  
v i d e s  f o r  r a t e  r e d u c t i o n s  i f  t h i s  t e s t  i s  no t  met .  Mich igan  
has  r e q u i r e d  such  j u s t i f i c a t i o n s  f o r  a number o f  y e a r s ,  not  
j u s t  f o r  W s  p l a n s ,  however .  
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the da te  o f  a p p l i c a t i o n .  In such case ,  the re  may be a 6-month wai t  

on p r e - e x i s t i n g  c o n d i t i o n s .  

Most c o n t r a c t s  normal]y i nc lude  such a w a i t i n g  pe r iod ;  commonly 

i t  i s  s i x  ~onths.  Then p r e - e x i s t i n g  cond i t i ons  a re  de f ined  as  those 

fo r  which t r ea tmen t  has been r e c e i v e d  in the 6-month per iod  j u s t  

p r i o r  to the  p o l i c y ' s  e f f e c t i v e  da t e .  Waits o f  t h r e e ,  f i v e ,  and 12 

months have been used,  with co r re spond ing  v a r i a t i o n s  in the d e f i n i -  

t i on  of p r e - e x i s t i n g  c o n d i t i o n s .  

In summary, the l i k e l y  cho ice  fo r  the Medicare supplement plan 

wi l l  be one which p rov ides  r e l a t i v e l y  comprehensive b e n e f i t s  in  a 

s i n g l e  package.  The a n t i c i p a t e d  loss  r a t i o  w i l l  be 60% to 55%. 

A c q u i s i t i o n  and maintenance expenses ,  along with p r o f i t  and con t in -  

gency margins  wi l l  be l i m i t e d  by the r equ i red  los s  r a t i o .  The plan 

w i l l  be guaranteed  renewable f o r  l i f e  and w i l l  r e q u i r e  a d d i t i o n a l  

r e s e r v e s .  A hosp i t a l  income p o l i c y  and/or  r i d e r  w i l l  be a v a i l a b l e  

as a companion product fo r  t h i s  market .  Underwr i t ing  w i l l  be on an 

"accept  or  r e j e c t "  b a s i s ,  the goal  being to avoid the  sure  c la im 

s i t u a t i o n .  A s i n g l e  premium s c a l e  (one c l a s s )  w i l l  be used,  with 

un isex  r a t e s  and f i v e - y e a r  age groups .  Careful  compliance with d i s -  

c lo su re  r u l e s  wi l l  be emphasized throughout the marke t ing  program. 

IV, THE RANGE OF REGULATORY ATTITUDES 

FUTURE TRENDS 

Most i n s u r e r s  who market i n d i v i d u a l  hea l th  insurance  coverages  are  

aware of  the widely d i f f e r i n g  r e g u l a t o r y  a t t i t u d e s  among the s t a t e s .  

In t h i s  context  " a t t i t u d e "  means something l i k e  what " c ompe t i t i ve  
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s t a n c e "  means f o r  an i n s u r e r .  I t  r e f l e c t s  the  p e r c e i v e d  commitment 

o f  t h e  r e g u l a t o r y  agency  to  the  c a r r y i n g  ou t  o f  i t s  m i s s i o n .  T h i s  

p a r a l l e l s  the  i n s u r e r ' s  coumitment  to  meet the  h e a l t h  i n s u r a n c e  

needs  o f  i t s  marke t .  J u s t  as h o l d s  t r u e  f o r  the  company, t he  com- 

mi tment  o f  an i n s u r a n c e  depa r tmen t  t o  a r e g u l a t o r y  program can be 

measured by t he  r e s o u r c e s  a l l o c a t e d  to  the  j o b ,  in  terms o f  money, 

t i m e ,  and p e r s o n n e l .  A c e r t a i n  p r i o r i t y  among r e g u l a t o r y  programs 

can p r o b a b l y  a l s o  be o b s e r v e d .  

One a c t u a r y  has d i v i d e d  the  s t a t e s  i n t o  t h r e e  c a t e g o r i e s ,  based  ' 

on p o l i c y  f i l i n g  r e s u l t s  f o r  h i s  company {which w r i t e s  in  a l l  s t a t e s  

but  New J e r s e y  and New York) .  Some are  found to  be "reasonable," 

o t h e r s  t end  always t o  f i n d  o b j e c t i o n s ,  and the  r e s t  lack  a u n i f o r m  

r e s p o n s e  p a t t e r n .  19 T h i s  r e sponse  d i s t r i b u t i o n  has a l r e a d y  been 

i l l u s t r a t e d  i n  the  above d i s c u s s i o n s  o f  two common supp l em en ta l  

h e a l t h  i n s u r a n c e  p r o d u c t s .  

For the  cancer  ca r e  p o l i c y :  some s t a t e s  p r o h i b i t  i t s  s a l e  en-  

t i r e l y ;  o t h e r  s t a t e s  r e q u i r e  t h a t  i t  be s o l d  wi th  a l l - c a u s e  b a s i c  

c o v e r a g e s  o r  not  a t  a l l ;  s t i l l  o t h e r s  c o n t r o l  i t s  use th rough  l o s s  

r a t i o  r e q u i r e m e n t s  and minimum b e n e f i t  s t a n d a r d s ,  b~s t  s t a t e s  do 

not  p r o h i b i t  i t s  s a l e .  

For the  Medicare supplement  p o l i c y :  one s t a t e  r e q u i r e s  i t s  

s a l e  on a g u a r a n t e e d - i s s u e  b a s i s  even i f  the  i n s u r e r  has never  had 

t h i s  k ind  o f  p o l i c y ;  a n o t h e r  s t a t e  r e q u i r e s  t h a t  i t  be a v a i l a b l e  in  

a " q u a l i f i e d "  p lan  t h a t  meets  minimum r e q u i r e m e n t s ;  s t i l l  o t h e r  

19See [12] ,  page 736. 
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s t a t e s  r e q u i r e  t h a t  any plan l abe led  "Medicare Supplement Po l i cy"  

must p rovide  minimum b e n e f i t s  and must be sold  fo l lowing  s p e c i f i e d  

p rocedures ,  p r i m a r i l y  d i s c l o s u r e  r u l e s .  Most s t a t e s  c u r r e n t l y  pe r -  

mit the  s a l e  o f  the  M/s p o l i c y  wi th  r e l a t i v e l y  few r e s t r i c t i o n s .  

Insurance  department  p r o h i b i t i o n s  o f  c e r t a i n  p roduc t s  exempl i fy  

the u l t i m a t e  r e g u l a t o r y  s o l u t i o n .  For i n s t a n c e ,  i s  c a n c e r - o n l y  

coverage u n d e s i r a b l e  per  se? The need fo r  i t  con t inues  to  grow, 

I f  "on ly"  1 out o f  4 persons  i s  a f f l i c t e d  by cancer ,  does tha t  make 

the plan a "bad b u y " - - j u s t  because the  o the r  th ree  neve r  c o l l e c t ?  20 

Improved t r e a t m e n t  techniques  w i l l  undoubtedly lead to  more s u r v i -  

va l s  and the  need for  more h o s p i t a l  and medical  ca re ,  

The p r o h i b i t i o n  of  premium re fund  r i d e r s  i nvo lves  a s i m i l a r  

judgment o£ u n d e s i r a b i l i t y .  I t  has been demonstrated t h a t  pro f i t s  

for  t h i s  b e n e f i t  flow from wi thdrawals  without  value ( t o n t i n e  e f -  

f e c t ) .  Why not r equ i r e  a cash va lue  c o n s i s t e n t  with r e s e r v e  r e -  

quirements?  The real  problem with the  ROP r i d e r  i s  t h a t  premiums 

have proven to be inadequate and r e s e r v e s  have been based on f avo r -  

able e x p e c t a t i o n s  that  have not m a t e r i a l i z e d ,  e s p e c i a l l y  as to pe r -  

s i s t e n c y  and c la ims  o f f s e t s .  The r e g u l a t o r y  a l t e r n a t i v e  to p roh i -  

b i t i o n  of  the ROP r i d e r  l i e s  in i n s i s t e n c e  on i t s  p roper  p r i c i n g  

and r e s 6 r v i n g .  The market wi l l  do the r e s t .  

Other examples may be found o f  r e g u l a t i o n s  tha t  need a "course  

c o r r e c t i o n . "  The d i v e r s i t y  of  r e g u l a t o r y  response r a i s e s  a number 

of  q u e s t i o n s ,  whose answers g e n e r a t e  s t i l l  more q u e s t i o n s .  

1, Is  u n i f o r m i t y  of  s t a t e  r e g u l a t i o n  necessary,  or d e s i r a b l e ?  I f  

20See [20]. 

- 9 6  - 



i t  i s ,  and i t  canno t  be a c h i e v e d  under the  s t a t u s  quo, what a l t e r -  

n a t i v e s  a re  t h e r e ?  C o n d i t i o n s  va ry  from s t a t e  to  s t a t e ,  as do 

p o p u l a t i o n  c h a r a c t e r i s t i c s .  Some consumer groups  may want o r  need 

g r e a t e r  p r o t e c t i o n  t h a n  o t h e r s .  There have  always been d i f f e r e n c e s  

among the  s t a t e s .  The same k i n d s  o f  v a r i a t i o n s  t h a t  we see  among 

t h e  s t a t e s  may be found  among t he  c o u n t r i e s  who a re  j o i n e d  i n  the  

£uropean  Economic Community. 21 Both he re  and t h e r e ,  i t  may be 

n o t e d ,  some o f  the m a t t e r s  i n  c o n t e n t i o n  appear  to  r e p r e s e n t  t r i -  

v i a l  d i f f e r e n c e s  i n  t h e  way o f  do ing  t h i n g s .  So f a r ,  the  a l t e r -  

n a t i v e s  to  s t a t e  r e g u l a t i o n  have  not  been c o n s i d e r e d  p r a c t i c a b l e  

o r  d e s i r a b l e .  

2. b~re s p e c i f i c a l l y ,  s h a l l  premium r a t e s  va r~  b~ s t a t e  a c c o r d i n g  

t o  d i f f e r e n c e s  in  l o s s  r a t i o  r e q u i r e m e n t s ?  S h a l l  commiss ions  va ry?  

I f  n o t ,  such d i f f e r e n c e s  may lead  to  s u b s i d i z a t i o n s  t h a t  a re  d i f f i -  

c u l t  to  r a t i o n a l i z e .  Many s t a t e s  now r e q u i r e  t h a t  c l a i m  e x p e r i e n c e  

f o r  t h e i r  r e s i d e n t s  be r e p o r t e d  by i t s e l f  i n  a d d i t i o n  to  a g g r e g a t e  

d a t a .  How may the  i n s u r e r  b e s t  cope w i t h  r u l e s  t h a t  lean  towards  

one-way p r o t e c t i o n i s m ?  

5. I f  a s t a t e  f a i l s  to  c r e a t e  a "p rope r "  r e ~ u l a t o r ~  env i ronmen t  --  

t h a t  i s ,  one deemed s u f f i c i e n t l y  r e s p o n s i v e  to  consumer i n t e r e s t s - -  

s h a l l  i t s  a u t h o r i t y  be p re -empted  by Fede ra l  r u l e s ?  Recent e v e n t s  

- seem to  p o i n t  towards such a r e s u l t .  However, i t  should  be kep t  in  

mind t h a t  s t a t e  r e g u l a t i o n  i n v o l v e s  c o n s i d e r a b l e  e x t r a - t e r r i t o r i a l -  

i t y .  The marke t i ng  program o f  an i n s u r e r  o p e r a t i n g  in  many s t a t e s  

( r a t h e r  than  in  j u s t  a few) w i l l  be i n f l u e n c e d  by the  r u l e s  o f  

21See [7] .  
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t h o s e  w i t h  t h e  g r e a t e s t  r e a s o n a b l e  commitment ,  w i t h  a " s p i l l o v e r "  

e f f e c t  i n t o  t h e  l e s s  a c t i v e  s t a t e s .  For  i n s t a n c e ,  c o m p e t i t i o n  i s  

now t e n d i n g  to  i n c r e a s e  t a r g e t  l o s s  r a t i o s  above t h e  r e q u i r e d  m i n i -  

mums in some s t a t e s ,  due to  t h i s  s p i l l o v e r  e f f e c t .  An M/s p l a n  w i t h  

a 75% l o s s  r a t i o  w i l l  appea r  more a t t r a c t i v e  than  one w i t h  a 60% 

l o s s  r a t i o ,  i f  bo th  a r e  e q u a l 1 ?  a c c e s s i b l e  and p r o v i d e  c o m p a r a b l e  

b e n e f i t s .  As long a s  enough o f  t h e  s t a t e s  a r e  a c t i v e ,  F e d e r a l  i n -  

t e r v e n t i o n  i n  the  r e g u l a t i o n  o f  i n s u r a n c e  w i l l  be h a r d  to  j u s t i f y .  

4 .  At what p o i n t  shou ld  i n s u r e r s  c h a l l e n g e  s t a t e  r e g u l a t i o n s ?  Do 

we need a s e t  o f  g u i d e l i n e s  w i t h i n  which t h e  r e g u l a t o r s  mus t  c o n f i n e  

t h e i r  a c t i v i t i e s ,  o r  i s  t he  U. S. C o n s t i t u t i o n  enough? T h e r e  a re  

s i g n s  t h a t  r e g u l a t o r y  a c t i v i t y  i s  r e a c h i n g  a p l a t e a u  ( s e e  l i s t  be-  

low) .  I n s u r e r s  have  been e x h o r t e d  to  " a c t  and no t  r e a c t . "  Where 

a r e  they  to  b e g i n ?  I n s u r e r s  and r e g u l a t o r s  canno t  o p e r a t e  a t  a r m ' s  

l e n g t h ;  b o t h  need t o  a p p r e c i a t e  t h e  g o a l s  o f  t he  o t h e r .  R e g u l a t o r s  

must be c o n c e r n e d  abou t  i n s u r a n c e  company r i s k s  and p r o f i t s ;  i n s u r -  

e r s  must be c o n c e r n e d  about  b e n e f i t  r e t u r n s  and p o l i c y h o l d e r  r i g h t s .  

Beyond t h e  c u r r e n t  p l a t e a u  l i e s  a mutua l  e d u c a t i o n a l  e f f o r t .  

As answers  a r e  s o u g h t  f o r  t h e s e  q u e s t i o n s ,  t h e  u n d e r l y i n g  one 

r e m a i n s :  ~ a t  has  happened t o  i n d i v i d u a l  h e a l t h  i n s u r a n c e  m a r k e t s  

a s  a consequence  o f  r e g u l a t o r y  a c t i v i t y ?  The answer  h e r e  w i l l  p r o -  

v i d e  the  b a s i s  f o r  i n s u r e r  p l a n n i n g  and a c t i v i t y .  

I t  a p p e a r s  t h a t  t h e  marke t  f o r  i n d i v i d u a l  h e a l t h  i n surance  has 

eroded e v e r  t he  p a s t  decade .  There  a r e  a t  l e a s t  two r e a s o n s  f o r  

- 9 8  - 



t h i s :  (1) expanded government programs o f  heal th  ca re  and income 

p r o t e c t i o n  in  d i r e c t  compet i t ion  to p r i v a t e  insurance  programs;  

(2) expanded r e g u l a t o r y  a c t i v i t y  a t  both s t a t e  and Federal  l e v e l s ,  

touching d i f f e r e n t  a s p e c t s  o f  the marke t ing  p rocess .  As one Con- 

gressman has concluded:  

Our government has c losed o f f  oppor tun i ty ,  d i s cou raged  

e n t r e p r e n e u r s ,  l ind ted  p r o d u c t i v i t y  and s t i f l e d  freedom. 

Yet t he  government ' s  moral a t t i t u d e  i s  that  i t ' s  doing 
22 

j u s t  the  oppos i t e .  

The l eve l  o f  r e g u l a t i o n  and the l eve l  o f  i n s u r e r  r esponse  to i t  

may have reached  p l a t e a u s .  I n s u r e r  responses  in t h i s  r ecen t  regu-  

l a t o r y  growth pe r iod  have inc luded:  

S t a t e  s t r a t e g i e s :  This makes the market ing  scene something 

l i k e  e n t e r i n g  the p r e s i d e n t i a l  p r i m a r i e s ,  win some, lose  some, 

but hope to  end up with the nominat ion;  or  l ike  p l a y i n g  the 

25 new b~nopoly game, t a i l o r -made  to each met ropo l i t an  a r ea .  

Avoidance o f  r e g u l a t i o n :  A d i f f e r e n t  v e h i c l e ,  such as a t r u s t  

or  quas i -g roup  arrangement ,  or  s e l f - i n s u r a n c e ,  removes the pro-  

duct from cont ro l  o f  the r e g u l a t o r s ;  r e - d e s i g n  o f  the  b e n e f i t  

s t r u c t u r e s  may accomplish the same purpose.  

Cessa t ion  o f  marke t ing :  The i n s u r e r  ceases  marke t ing ,  a t  l e a s t  

d i r e c t l y ,  op t ing  out o f  the c o e r c i v e  environment,  and c o n t r a c t -  

ing i t s  premium base r a t h e r  than ignore insurance p r i n c i p l e s  

or  endure forced or i n f l e x i b l e  market ing  c o n s t r a i n t s .  

22Newt Ging r i ch ,  l e t t e r  to Wall S t r e e t  Jou rna l ,  December lO, 1979. 

23"Stock Block,"  ©1978 John F. Majors ( j .F.M. Games Co. S e a t t l e  WA) 
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The t i d e  may be t u r n i n g .  A number o f  e v e n t s  f o r e sha dow  c h a n g e s  

i n  r e g u l a t o r y  e m p h a s i s .  Here  i s  a s amp le :  

- -An a p p a r e n t l y  s u c c e s s f u l  c h a l l e n g e  has  been made to t h e  

Minneso ta  Comprehens ive  H e a l t h  I n s u r a n c e  Act o f  1976; 

- - T h e  New York Depa r tmen t  has  " e x h i b i t e d  c o n c e r n  t h a t  i n d i v i -  

d u a l  a c c i d e n t  and h e a l t h  i n s u r a n c e  a v a i l a b i l i t y  i s  g r e a t l y  

d i m i n i s h e d  s i n c e  t h e  e n a c t m e n t  o f  t h e  m a t e r n i t y  law" t h e r e ;  

- - T h e  M a s s a c h u s e t t s  Minimum S t a n d a r d s  R e g u l a t i o n  i s  to  be 

c h a l l e n g e d ,  e s p e c i a l l y  as  to  t h e  p r o h i b i t i o n  o f  c a n c e r - o n l y  

c o v e r a g e ;  an i n j u n c t i o n  w i l l  be sough t  t o  b a r  enforcement; 

- - T h e  t r e n d  to d e r e g u l a t i o n  has  t aken  h o l d  in  Canada24;  p e r -  

h a p s  t h e  f a l l o u t  w i l l  be f e l t  in  t h e  U n i t e d  S t a t e s ;  

- -Manda ted  h e a l t h  i n s u r a n c e  b e n e f i t s  may e n c o u n t e r  g r e a t e r  r e -  

2S s i s t a n c e ,  and r e q u i r e  a new r a t i o n a l e  f o r  j u s t i f i c a t i o n  ; 

- - C o n g r e s s  a p p e a r s  more i n c l i n e d  to  t a k e  a c t i o n  to  r e d u c e  

FTC r u l e - m a k i n g  a c t i v i t y .  

The t r e n d  e x e m p l i f i e d  i n  t h e  deve lopment  o f  t h e  W i s c o n s i n  r u l e  

( I n s .  3 . 59 )  on Medica re  supp lemen t  m a r k e t i n g  may be e x p e c t e d  to  i n -  

f l u e n c e  regulatory activity in the 1980's. Other states are look- 

ing a t  t h i s  app roach ,  no doubt  because  so f a r  i t  seems to  have  

s u c c e s s f u l l y  b a l a n c e d  t h e  i n t e r e s t s  o f  t he  c o n c e r n e d  p a r t i e s .  

The e s s e n c e  o f  t h i s  t r e n d  i s  e d u c a t i o n  o f  t he  consumer  and p r e -  

s e r v a t i o n  o f  t h e  marke t  p l a c e .  26 

24See [12 ] ,  page 759. 26See [ 1 2 ] ,  page  740. 

25See [10] .  
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The v e h i c l e  o f  t h i s  e d u c a t i o n a l  t h r u s t  w i l l  be m a n i f o l d .  I t  

w i l l  i n v o l v e  t h e  s c h o o l s  and t h e  media .  I f  i t  s u c c e e d s ,  we may a l l  

b e g i n  to  a g r e e  on t h e  f o l l o w i n g :  

I .  T h a t  t h e  p r i c e  f o r  a r e t a i l  p roduc t  i s  g r e a t e r  t h a n  t h a t  

f o r  a w h o l e s a l e  p r o d u c t .  

2. T h a t  t h e  l o s s  r a t i o  t e s t  i s  no t  a measu r e  o f  p r o d u c t  s u i t -  

a b i l i t y  in  g i v e n  c i r c u m s t a n c e s .  

3. T h a t  a g e n t s  d e s e r v e  a d e q u a t e  and p r o p e r  c o m p e n s a t i o n  f o r  

s e r v i c e s  p e r f o r m e d  f o r  bo th  t h e  i n s u r e d  and the  i n s u r e r .  

4.  T h a t  consumers  d e s e r v e  an i n s u r a n c e  p r o d u c t  t h a t  does  what 

t h e y  t h i n k  i t  w i l l  do ,  w h i l e  g i v i n g  them t h i s  p r o t e c t i o n  

a t  a f a i r  p r i c e .  

S. T h a t  " i n s u r a n c e "  i s  n o t  d e f i n e d  as  p r o t e c t i o n  p r o v i d e d  t o  

" t h o s e  who need i t  t h e  m o s t . "  

6 .  T h a t  g o v e r n m e n t - s p o n s o r e d  o r  s e l f - i n s u r e d  h e a l t h  p rograms  

o p e r a t e  unde r  t h e  same b a s i c  p r i n c i p l e s  a s  do p r i v a t e  

h e a l t h  i n s u r a n c e  p r o g r a m s .  

7. T h a t  t h e  a p p o i n t m e n t  o f  e x p e r i e n c e d  and k n o w l e d g e a b l e  i n -  

s u r a n c e  p e r s o n s  to  s t a t e  i n s u r a n c e  d e p a r t m e n t s  w i l l  no t  

compromise  t h e  r e g u l a t o r y  m i s s i o n .  

8. T h a t  r e g u l a t i o n  shou ld  f o s t e r  c o m p e t i t i o n .  

9.  T h a t  p r o d u c t  a v a i l a b i l i t y  i s  i n v e r s e l y  p r o p o r t i o n a l  to  t h e  

c o e r c i o n  i ndex  o f  t h e  r e g u l a t i o n  t h a t  g o v e r n s  i t .  

I 0 .  T h a t  i n s u r a n c e  compan ies  a r e  p r i v a t e  b u s i n e s s  e n t e r p r i s e s  

s e r v i n g  p u b l i c  n e e d s ,  bu t  a r e  no t  p u b l i c  u t i l i t i e s  and a r e  

no t  consumer  c o - o p s .  
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Other l ea rn ings  may r e s u l t ,  but general  acceptance  of  these  wil l  

se rve  to b e t t e r  balance the c r i t i c a l  i n t e r e s t s  of  a l l  p a r t i e s .  Such 

acceptance w i l l  a lso al low market forces  to resume t h e i r  proper  ro le  

in b e n e f i t  des ign  and p r i c i ng  of  hea l th  insurance p roduc t s .  
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(P/C) 80 (August, 1979): 18+. 

Some items under FTC dup l i c a t e  areas  of  s t a t e  concern. 

[14] "Competi t ion in Health Planning Enacted in Amendments to Law." 
Hea l th  Serv ices  Informat ion  6 (October 9, 1979). 

Sees hea l th  planning amendments as s h i f t  to planning through 
compet i t ion ,  moving away from planning by r e g u l a t i o n .  

[15] "Hichigan Revamping P l a n s . "  Health La~rgers News Report 7 
(November, 1979): 7+. 

To slow cos t s ,  l e g i s l a t u r e  wi l l  revamp Blues ( they 'cover 
58% of  people) ;  may l i m i t  plans r e se rves .  Goal is  to change 
Blues to consumer o r g a n i z a t i o n  or  co-op. 

B. Cancer 

[16] Benson, E. F . ,  " C a t e r p i l l a r s , "  in Great Tales  of  Ter ror  and 
the  Superna tura l ,  ed. by Herbert  A. Wise and Phy l l i s  Fraser .  
Modern Library ,  New York, 1972, 760-768. 

I l l u s t r a t e s  element o f  f ea r  connected with cancer .  
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[17] Epste in ,  Samuel S . ,  The P o l i t i c s  o f  Cancer. S i e r r a  Club Books, 
San Franc isco ,  1978. 

Reviews chemical i ndus t ry  r e s i s t a n c e  to r e g u l a t i o n .  

[18] HcMennamin, Breeze,  "A Heck of  a Sales  Force . "  Forbes 119 
(March I ,  1977): 53+. 

Traces  p rogress  of  American Family Life Assurance under  
John B. Amos; marketing techniques; fore ign  markets. 

[19] Schwartz, Harry, "A Look at the Cancer Figures." Wall Street 
Journal, November 15, 1979. 

Rational discussion of cancer statistics, with age adjust- 
ments. No cause for alarm, unless you smoke. Dr. Epstein re- 
sponds in letter to WSJ of December I0, 1979, page 25. Says 
"burgeoning cancer toll" now affects one out of four. 

[20] "Why Cancer Insurance Is a Bad Buy." Chan~in 8 Times 53 (De- 
cember, 1979): 15-17. 

Details good; conclusions doubtful. For instance: since only 
1 in 4 Americans gets cancer, other 7S% do not and won't get 
any benefits, making insurance a "bad buy." Compares loss 
ratios for dissimilar marketing situations. 

[21] "NALC Urges Ingram Not to Ban Cancer Insurance." The National 
Underwriter, June 16, 1979, page 21. 

NALC says fear of cancer exists apart from insurer activity. 

[22] Three articles from Scientific American: 

Old, Lloyd J., "Cancer Immunology." Scientific American 256 
(May, 1977): 62-79. 
How do cancer cells evade the immune systems of the body? 

Croce, Carlo M. and Koprowski, Hilary, "The Genetics of Human 
Cancer." Scientific American 258 (February, 1978): 117-12S. 

Shows how to identify chromosome involved in transformation 
of a normal cell into a tumor cell. 

Nicolson, Gartb L., "Cancer Metastasis." Scientific American 
240 (March, 1979): 66-76. 

Investigates types of tumor cells that can travel through 
the body and what they have in common. 

[Cancer research goes on and on and on.] 

[23] California regulation: CAC I0 Chapter 5 Subchapter 2 Arti- 
cle 1.5 Section 2220.24. 

Outlines minimum benefits of Type A plan. 

[24] New York: Regulation 52.16 
Bans sale of cancer-only coverage without all-cause basic 

coverage. Allows 6-month waiting period. 
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C. Medicare Supplement 

[25] Gornick,  Marian, "Medicare P a t i e n t s :  Geographic Di f fe rences  in 
Hospi ta l  Discharge Rates and Fal l t ip le  S t a y s . "  Social S e c u r i t y  
Bu l l e t i n  40 (June,  1977): 22-41. 

T h e ~ t a  on r e - e n t r i e s  are  va lua b l e ;  t he se ,  t oge the r  with re -  
s u l t s  by r eg ion ,  a f f e c t  cost  of  Par t  A deduc t ib le .  

[26] Hoecker, James J., "Section Ins. 3.39, Wisconsin Administrative 
Code: The Origins and Development of a Medicare Supplement In- 
surance Regulation." The Insurance Law Journal 673 (February, 
1979): 73-101. 

Valuable account of  rule-making procedures ,  inc luding indus-  
t r y  p a r t i c i p a t i o n .  Thorough documentation.  

[27] Montgomery, J im,  "Preda to r s  Find E lder ly  Are Often Easy Prey 
for  Array of  R ip -Of f s . "  Wall S t r e e t  Journa l ,  November 9, 1979, 
f r on t  page. 

L i s t s  seams p e r p e t r a t e d  on e l d e r l y .  Notes tha t  Medicare pays 
384 of  t o t a l  h e a l t h  c o s t s ,  supplementary plans  pay 54. b~l-  
t i p l e  sa les  c i t e d .  

[28] "What Medicare Will (and Won't) Do For You." Changing Times 33 
(January ,  1979): 39-42. 

Concentra tes  on expla in ing  how Medicare works, with s t r e s s  
on i t s  complex i t i es  and l i m i t a t i o n s .  

[29] "Medicare Supplement Probe Hears Regu la to r s . "  The Nat ional  Un- 
d e r w r i t e r ,  December 9, 1978. 

House Se lec t  Committee on Aging hears  views of  commissioners 
from four s t a t e s ;  views d i f f e r  on need for  Federal a c t i v i t y  
and i t s  degree .  

[30] "Pledges Solut ion to Medigap Abuses."  The National Underwr i te r ,  
March 31, 1979. 

HIAA Pres ident  Robert Froehlke pledges  e f f o r t  at s t a t e  and 
company l eve l s  to solve problems o f  abuse. Cites mu l t i p l e  
s a l e s ,  undes i rab le  sa l e s  methods, inadequate  coverage,  and 
high r a t e s .  

The fol lowing items are a v a i l a b l e  to the publ ic  on request :  

[31] 'qChat You Should Know About Health Insurance When You R e t i r e , "  
Health Insurance I n s t i t u t e ,  1850 K S t r e e t ,  N.W., Washington, 
D.C. 20006. 18 pages. 

Describes Medicare program, ways o f  c los ing  "gaps ."  Suggents 
hea l th  emergency fund for  a n t i c i p a t e d  out of  pocket expenses.  

[32] "Advice on Health Insurance for Senior  Ci t izens  in I l l i n o i s . "  
I l l i n o i s  Department of  Insurance,  S p r i n g f i e l d ,  I l l i n o i s ,  
62767. Free; send se l f - addressed  mai l ing  l abe l .  
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[33] "When ~ledicare Is  Not Enough." Albany, New York, 1979. Send 
67¢ in stamps to Medigap, New York S ta t e  Consumer P ro t ec t i on  
Board, 99 Washington Avenue, Albany, N.Y. 12210. 

This  source desc r ibes  Medicare program, ranks supplementary 
programs. A d i scuss ion  of  t h i s  guide,  inc luding  indus t ry  re -  
sponses ,  appears in the fol lowing a r t i c l e :  

Herman, Tom, "More on Medicare Supplementary In su rance . "  Wall 
S t r e e t  Journa l ,  August 20, 1979, page 28. 

Four o ther  r epor t s  on the sub jec t  are  l i s t e d  a t  the end of  
t h i s  a r t i c l e .  

[34] "Heal th  Insurance Advice for  Senior  C i t i z e n s . "  Prepared by 
S t a t e  of  Wisconsin, O f f i c e  of  the Commissioner of  Insurance ,  
123 West Washington Avenue, Madison, WI, 53702. Revised each 
yea r .  

Out l ines  b e n e f i t s  in Wisconsin-approved plan types .  Dis- 
cusses  " l i m i t e d "  p o l i c i e s ;  warns about nurs ing  home p lans .  

[35] "Approved Medicare Supplement P o l i c i e s . "  Ava i l ab le  from same 
address  as for  Item [54].  

This  cha r t ,  updated o f t e n ,  shows a l l  approved Medicare Sup- 
plement plans in Wisconsin. Company, policy form, plan type, 
age 65 premium rate, under~witing, pre-existing condition li- 
mitations, commission scale, and expected lOSS ratios are all 
shown. Available on request. 

Two problems: a single plan type can encompass range of 
benefits; marketing methods are not distinguished. 
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IMPACTS OF STATE REGULATION ON THE MARKETING AND 
PRICING OF INDIVIDUAL HEALTH INSURANCE 

by CHARLES ~L~BECK 

reviewed by ROBERT SCHULER 

Mr. Habeck's timely article presents a clear view of the 

impact of regulatlon on individual health insurance practices and 

policies which has heightened in recent years as a result of 

perceived and/or imagined shortcomings in the industry by consumer 

groups, legislators and regulators. The author's discussion of 

the instruments -- mandated benefits, minimum loss ratios, policy 

readability, reserve requirements and risk classification -- dsed 

by government regulators provides the reader, if he or she has not 

already experienced it, a sense of the pervasiveness of government 

rules and regulations. In fact, in a recent book by Murray L. 

Weidenbaum, The Future of Business Regulation, Mr. Weidenbaum 

notes "At times it seems that each and every move that business 

makes is studied with almost obsessive attention by one or more 

regulatory agencies, far out of proportion to the inherent need 

for government attentlon. ''(I) Yet, in spite of the regulator's 

growing omnipresence there is still considerable room for private 

initiative and action. 

(I) Weldenbaum, Murray L. The Future of Business Regulation. 

Amacom, New York, 1979. 
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In the opening paragraph of the paper, Mr. Habeck raises the 

~ssue of relative effect or importance of 'Market forces" versus 

"regulation" in benefit design and pricing of indfvldual health 

contracts. It is doubtful as contended by the author that reg- 

ulation has become the "dominant objective" in benefit design and 

pricing of individual health contracts. Rather, the rules for 

playing tea I life monopoly -- old and new -- have become more 

cumbersome and pervasive thus requiring the players to spend more 

time studying the rules before playing the game. The "market 

forces" or the "game" remains -- to provide the challenge of 

obtaining a fair market share while meeting the company's objective 

in underwriting results. Certalnly, a t one time or another, we 

all have probably agreed with the author on the "regulation 

dominance." However, in our more rational moments we usually 

accept some government regulation as necessary and work to limit 

its scope and influence to only those activities that provide 

government "oversiEht" or "review" and restrict or eliminate 

government design or structure of policy benefits. For example, 

minimum loss ratio requirements appear to speak to the results 

of marketing products and hence provide goveroment oversight or 

review opportunities. In contrast, minimum standard legislation 

encroaches on an insurer's benefit design practices. In this 

respect, Timothy B. Clark writing in a recent article in the 
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National Journal (2) , notes that new approaches to regulation are 

needed. Certainly the insurance industry would welcome some 

innovation in this area. 

Following are some observations on the various causes of the 

increases in regulations and mechanisms used by regulators. 

Mandated Benefits 

Much of the mandated benefit pressure comes, indirectly, 

from special interest groups which in some cases are 

sponsored by providers of care. EEOC and women's rights 

groups have also been influential. It seems that the 

concept of "insurable hazard" is gradually being replaced 

by "planned, budgetable expense" concept. This phenomena 

seems to be spreading from the group insurance market to 

the individual health insurance market. 

Statement of Contract Terms 

The intent of the regulators on this aspect is laud- 

able. However, the "Flesch Test" criterion used in some 

states is not the answer. The October, 1979 issue of the 

Actuary, the monthly newsletter of the Society of Actuaries, 

gives a superb example which would pass though few readers 

would understand the mathematical proof, and a rather 

prurient passage which is readily comprehensive, but 

(2) Clark, Timothy B., '~New Approaches to Regulatory Reform -- 
Letting the Market Do The Job". National Journal, August II, 
1979. 
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would not pass. Expanded use by the Industry of com- 

munication and legal experts in the drafting of policies 

would seem to offer a more desirable route. 

Minimum Loss Ratio 

While regulators have found these useful compar- 

ative tools, the author's point that more thought should 

go into the draftihg of the regulations is well taken, 

especially in such matters as statutory reserve, agency 

compensation, and return on stockholder equity. 

Classification of Risks 

Even though some classifications of risk have been 

under attack by regulators, insurers have been generally 

successful in maintaining proper classification systems. 

A real danger exists that regulatory actions could result 

in serious antlselection and could result in citizens of 

some states being denied access to needed insurance 

protection. 

Sales Materials, Product Names, etc. 

In many instances, the restrictions here are generally 

desirable and for the public good. Too often sales mate- 

rial - by the mere policy name - implies broader coverage 

than the policy actually provides. 

In the author's concluding comment on these regulatory forces, 

he sums up one of the most serious impacts of state regulation when 
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he notes, "The consumer will be paying for the enlarged regulatory 

staff as well as for the enlarged compliance staffs needed by 

insurers." Certainly, with these costs increasing daily, it is in 

the public interest for regulators to look for "new approaches" 

and "innovation" in their actions as called for by Timothy B. Clark. 

Mr. Habeck's discussion of the market, underwriting, and reg- 

ulatory considerations needed in designing and underwriting a cancer 

care policy and a Medicare supplement policy clearly illustrates 

the importance that regulatory requirements now play in benefit 

design. However, it should again be pointed out that regulatory 

requirements remain secondary to the carrier's dual requirements 

of meeting the market demands o f pollcyholders and its underwriting 

practices and objectives. 

While I have had limited experience in the cancer care policy, 

I can understand its popularity and equally the controversy about 

such policies. Cancer spells fear and emotional reaction. Con- 

sequently, there is no doubt a certain segment of the industry is 

using this to their financial benefit. Unfortunately, they have 

given the more responsible insurers in this market a bad image and 

hurt the marketing of this useful product. I personally believe 

that responsibly set minimum loss ratio will bring a respectability 

to this type coverage and help its future availability. 

The author provides e good overview of the Medicare program 

and the reasons for insurers becoming interested in the Medicare 

supplement. However, the author seems to imply that rate adjustments 
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for the supplemental policies are somewhat automatic. It should 

he noted that severs1 company's success in obtainlng necessary 

rate relief has been relatively poor, even when the Insurance 

Department actuaries stipulated the actuarial soundness of such 

requests. While these companies are still in the market, they 

have chosen to limit efforts for market expansion until a reso- 

lutlon of philosophical end political issues is reached - social 

goals versus sound underwriting practices. 

The author's observation that Medlcal supplement plans 

supplementing Part B (SMI) are not impacted by inflation to the 

extent "of a typical Major Medical plan sold under age 65" does 

not coincide with this writer's experience. We have found the 

clalm trend factors for Medical supplement plans and the typical 

Major Medical plans to be comparable. 

Despite the difficulties experienced by some insurers in 

obtaining rate approvals, Medicare supplement is a viable market 

for an insurer to pursue. Level premiums for either Medicare 

Part A or Part B supplemental policies have built-ln pricing 

difficulties and ~arketlng advantages of implied - hut not 

guaranteed - future premium outlay. An alternative utilized ex- 

tensively by A & H insurers, including Blue Cross and Blue Shield 

Plans and the government for Medicare Part B~ is one-year term 

pricing. This pricing strategy can be coupled with age and/or 

sex differentials, or a single "average rate" may be employed. 
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The advantages include not having to establish statutory reserves 

snd the ability to react quickly to changes in the pattern of 

utilization and to cost trends. The major disadvantage - frequent 

rate increases - is shared by the so-called level premium plans 

as they respond to the constantly changing benefits supplementing 

Medicare. 

The author's suggested design of a Medicare supplement bene- 

fit package is generally good. One conclusion I do not share, 

though. With proper administrative controls, prescription drugs 

can be a worthwhile inclusion in a Medicare supplement policy. 

My company's most widely held Medicare supplement offering includes 

s post-discharge drug benefit which pays 80 per cent of a pharmacy's 

usual charge after the insured has met s $20 deductible. Three 

factors are at play here to keep the cost of claims and .adminis- 

tration reasonable. First, the benefit is available only for six 

months following a covered inpatient stay. Secondly, the deductible 

eliminates the "nickel and dime" claims for patients who require 

short-term medication immediately following discharge. Finally, 

since record keeping and claim submission is the insured's 

responsibility, substantial underreporting can be expected. With 

these three factors in place, prescription drugs account for less 

than ten per cent of total claims cost for this Medicare supplement 

policy. 
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The author concludes the paper with a discussion of the range 

of regulatory attitudes and future trends which sets forth a per- 

ceptive analysis of the various regulatory viewpoints and the 

crucial interdependency of the insurer and the regulator objectives. 

He also raises the question of the appropriate amount of government 

regulation. 

It is doubtful that very few individual health insurance 

practitioners would quarrel with the author's observation that the 

individual health insurance market has eroded over the past decade 

due to expansion of government health care and income protection 

programs and expanded regulatory activity. Perhaps of equal 

importance if not more significant is the ever expanding role of 

group health insurance. In addition to increase in the number of 

people covered by group policies, the scope and level of benefits 

have exploded over the past decade. The following table suum~arlzes 

recent experience for insurance companies. 
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Insurance Company Statistics 
Group and Individual Health Insurance 

Number of Persons Covered (000) 

Type of Individual and 
Coverage Group Family Po l i c i e s  

% % 
1977 1967 Inc. 1977 1967 Inc. 

Hospital 89,219 71,454 25 28,687 24,619 17 

Surgical 91,904 72,038 28 14,409 17,603 (18) 

Physician 88,818 61,O28 46 10,964 8,541 28 

Major 
Medical 101,925 67,394 51 6,101 4,552 34 

Disability 
Short Term 28,176 24,805 14 ]4,302 13,188 8 
Long Term 12,481 3,722 235 6,883 3,056 125 

Dental 32,216 2,330 1383 ........... 

Source: Source Book of Health Insurance Data 1978-79 
Health Insurance Institute 

In conclusion, Mr. Habeck's excellent paper with a well docu- 

mented List of Readings brings in focus the expanding influence of 

governmental regulation on designing, underwriting, and marketing 

individual health insurance. His concluding observation of the 

importance of greater policyholder awareness and education is perhaps 

one of the best weapons against further government encroachment into 

the individual health insurance market. 
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AUTHOR: Mr. Philip Heckman 

Mr. Heckman is Senior Actuarial Analyst with CNA 
in Chicago. He earned his PhD from the University 
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Ms. Fagan is Assistant Secretary, Actuary for The 
Home Insurance Company. She received her FCAS in 
1978. Janet earned a BS degree at State University 
of New York-Stony Brook and her MS degree from the 
University of Wisconsin. 
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I. Introduction 

An important fact brought into sharp focus by the papers submitted 

to last year's program is that a healthy insurance enterprise not 

only must produce adequate earnings but must do so steadily and 

predictably. That is to say: the risks that confront the enter- 

prise must be tightly controlled. Management must steer a course 

mindful not only of reasonable expectations but also of unforeseen 

deviations therefrom. This is true of the insurance enterprise 

in particular because of the urgent character of its obligations 

to policyholders who have suffered insured losses. 

Last year's contributors also made clear that the risks inherent 

in the operation of the insurance enterprise cannot be isolated 

or sequestered: every source of financial uncertainty either in the 

environment or internal to the enterprise inevitably impinges on 

its ability to make that essential transaction - the loss payment. 

One of the most conspicuous areas where control of financial risk 

is essentlai is in the pricing of the business. It is misleading 

to think - let alone say - that the actuary can exert detailed 

control of the pricing process by prescribing and enforcing a 

static, cost-plus formula. The keyword here is "process". 

Pricing is a dialectical process engaging the potential insurer 

and insured within the market environment. Neither participant 

in the process can count on having complete control. Much that 

passes under the name of "pricing" is what engineers call "costing" 
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and provides the insurer with the indispensable knowledge of the 

region in which t o  break off negotiation: between the economlst's 

"break-even" and "shutdown" points. Successful pricing involves 

using the results of the costing formulas with art and Judgment 

to anticipate the condition of the market. This is the first 

source of risk which the enterprise must face: that of misjudging 

£he market and rushing in at a price at which too little (or too 

much) can be sold. 

second source of risk is that involved in esclm~tlng the aggre- 

gate cost of benefits which have been purchased in the market. 

Mialmlzlng this risk is the chief endeavor of the pricing ae=tuzry. 

His chief ally is the law of large num2bers; his chief foe is the 

passage of time: the time it takes for data to reach him and the 

time that elapses between his calculation and the losses it 

purports to forecast. 

A third source of risk arises from a unique characteristic of 

insurance: the true ultimate meaning of the insurer's contractual 

obligation is as varied as the insureds themselves: no two alike, 

This is the Joint domain of actuary and underwriter and this risk 

of Inho~nogeneity within the aggregate is attacked by such devices 

as classiflcat~on ratemaking and experience rating, and, after all 

other bolts are shot, underwriting Judgment. Since the underwrftlng 
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decision is essentially yes/no, it is less risky to the extent 

that the actuary can propose a price that is graduated to be 

appropriate to the individual applicant. That is to say, as we 

all know, the underwriter is on the razor's edge and needs all 

the help he can get in deciding whether or not to expose the 

Insurer's assets to risk. It is on this problem of resolving the 

inhomogeneity of the actuarial aggregate, in a way that minimizes 

the insurer's financial risk, that we shall concentrate in this 

paper: the problem of credibility. We have been careful in setting 

the stage because we shall follow the same course mathematically 

as we have conceptually: we shall define the problem in a way that 

leaves it distinct, as much as possible, from the other great 

problems of market strategy and aggregate valuation and forecasting. 

On the other hand we shall argue strenuously that credibility in 

classification ratemaking and credibility in individual risk rating 

are essentially the same problem on different scales, differing 

only in the relative importance of small sample corrections, and 

are not distinct fields of study as traditional actuarial practice 

would lead us to suppose. 

This program will not lead us to present new work on credibility 

or even the most advanced. Our emphasis will be on simplicities 

rather than complexities, on the robust rather than the ethereal. 

For example it will be emphasized that it is more important for a 
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credibility scheme to be well tuned - adjusted to minimize 

practical risk - than that it should embody a sophisticated 

modal with the most general assumptions. And we shall spend 

significant space discussing the estimation problem for the 

parameters of the credibility model. Further we shall restrict 

ourselves to quadratic risk: that is, we shall consistently 

characterize risk fn terms of the second moments of the 

financial variables. This is time-honored practice in risk 

theory, and we adopt it here on the premise that i£ is better to 

have a primitive definition that one can work with than to waste 

time and effort refining it to something unworkable. 

We shall attempt to focus attention oe the conceptual streams 

which feed inEo current practical work on credibility, particularly 

that going forward at I.S.O. These two converging streams are 

that initiated by Bblhmann and Straub in their landmark 1972 

paper (1), which established the requirements for practical appli- 

cation of Bayesian Credibility, and that began by Charles Stein 

in his work on estimates with minimal quadratic loss (2). 

In a concluding section we shall ex~ioe the benefits which flow 

from a credibility program tuned and managed for optimal risk 

control. In particular we shall see the implications for market 

strategy, social responsibility, and financlal management. 
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Finally, in a series of technical appendices, we review a number 

of simple stochastic models for the loss ratios of a class of 

imdividual risks (or a group of classes). We show how these 

models all lead to a simple model for the covariance structure 

of the loss ratios over time and how this coverianee model leads 

naturally to the familiar credibility formula as a predictor of 

future loss ratios. A final appendix shows an application of a 

simplified model to numerical data. 
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II. Decomposing the Chain of Risks 

In the introduction we identified the sources of risk in the 

pricing process and declared that these can be dealt with 

separately. This is a declaration of hope because these risks 

are dealt with separately in practice. Indeed, the structure 

of the prlcin 8 process makes such separate treatment almost a 

practical necessity. Market risk is dealt with at the executive 

levels of underwriting, marketing, and financial management using 

as input knowledge of market conditions, aggregate loss costs, 

and administrative expenses. These deliberations can be knocked 

badly askew if aggregate loss cost projections are inaccurate. 

These projections, in turn, are of diminished utility if the means 

of dealing with inhomogenei=y in =he aggregates are inadequate. 

This is particularly true in a competitive environment where the 

insurer's competitors are using accurate class rates and experience 

rating plans to reach pricin 8 and underwriting decisions. In such 

a situation a company with a crude pricing apparatus will find 

that its aggregates are in fact unstable, with better business 

leaving add worse business coming in. 

Thus we see that each level of the pricing process depends on the 

adequacy of risk control at the next, more detailed level. The 

question confronting us on the technical plane is whether or not 

these levels can be modeled independently: 
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Can the computation and trending of the aggregate be carried 

out without regard to its composition in terms of classes and 

in such a way that classification relativities can be defined 

free of secular trend? 

Can the rate for a particular classification be further split 

by an individual experience model utilizing only information 

pertaining to that classification? 

The first question can be answered in the affirmative if we give 

due consideration to two issues: first, the obvious problem 

encountered in tracking any aggregate through time, that of shifts 

in the makeup of the insured population by class; second, the 

rather more arcane problem that arises because the aggregate from 

which we split the classification relativities is not exactly 

known but is subject to sampling uncertainties. 

The problem of shifting risk populations can be dealt with by a 

method familiar to demographics: define or project a standard 

risk population and restate historical aggregates in terms of it. 

Once this is done, there is an extensive repertoire of trending 

models that can be applied to the adjusted numbers - pure premiums 

are the most likely candidates for such treatment. Not to get too 

far from our main thrust, we should remark that the ubiquitous 

least squares trend line is neither the simplest nor - it is likely 

- the most robust of these models. The process has twin but 

- 123 - 



complementary goals: to achieve an accurate projection oE aggregate 

rate level and to allow classification relatlvities to be treated 

as a bundle of stationary time series, that is, to allow the 

problem of assigning relativlties to be detached from that of 

projecting secular movements. 

The more arcane problem; that the relativities will be based on 

aggregate numbers which are themselves uncertain, will be addressed 

in succeeding sections. 

The second question, whether individual risk relativlties can be 

split reasonably from the classification relatlvitias, is somewhat 

more subtle and elusive. Classification rates are dependent on 

objective characteristics of the individual risks. The information 

used £s limited to what can be recorded economically and more or 

less reliably. The most efficient use of this information is a 

~attar beyond the scope of this paper. But there can be no dispute 

that, no matter how efficiently classification variables are 

utilized, a residuum of useful information will remain in the form 

of individual risk experience records. It has long been 

recognized that this information can be utilized to refine the 

pricing of individual contracts. How to do this most efficiently 

and, indeed, how to define efficiency in this situation is one of 

our principal topics. Some difficult problems make this task less 

than straightforward. One of the hardest is how to define and 

establish the identity of an individual risk whose characteristics 
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may be changing over time. We shall have more to say about this 

later. 

We have advanced about as far as we can using words only. In the 

next section we shall invoke a particular stochastic model to 

illustrate our previous remarks. 
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III. A Stochasclc Model for Credibility 

Without attempting t o  settle all the questions raised in the last 

section, we shall propose here a simple and plausible covarlance 

model for the behavior of individual risk relatlvlties within a 

given class. Ass~ing stationari=y and a stable covarlance strut- 

cure, we shell arrive at a best linear unbiased estimator for the 

individual relativity, in terms of past experience, presuming a 

known aggregate value. The model has a classification structure 

also, and the best ~ethod for computing class rates and assigning 

credibility emerge from the model as well. 

A. Variables and Notations 

For the sake of concreteness we shall couch the model in terms 

of loss ratios. This allows closer comparison with the 

pioneering work of guhlmann and Straub. The loss ratio is 

also a recognized index of equity, and the goal of most 

experience rating plans is to equalize loss ratios - properly 

defined - across all insureds, insofar as possible. 

The variable of interest, then, we shall denote as 

the loss ratio for the a-th risk in class, A~ during period, 

t. The superposed tilde denotes treatment as a random 

variable. For convenience, the time label, t, will be 

reckoned backwards, and we shall attempt co forecast experience 

in period, 0. 
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B. 

The only assumptions we shall need to characterize the variable 

for our purposes apply to the first two moments: 

The first condition is the global expectation, without reference 

to class membership or individual experience records. The 

notation, ~ ~ is the Kronecker delta which is unity if the 

indices match, zero otherwise. The parameter, K, measures the 

homogeneity of the entire aggregate; K~ measures the homo- 

geneity of the particular class, A. The quantity, ~/Ad(~) p 

measures the relative statistical weight of individual risk 

experience, thus characterizing the size of ~he risk. For 

practical purposes, we may take it to be the individual risk 

premium computed at the aggregate rate before classification 

and experience rating. Statistical research with copious and 

accurate data might yield a better choice, but experience 

teaches not to hold one's breath but to proceed as best one 

can. 

Credibility Estimator 

The next step in our conceptual process is to propose an Ansatz 

for the form of the best estimator for predicting individual 

risk experience in time period, zero. This estimator should 

be: 

I) linear in the aggregate and experience variables, 

2) confined to experience within the class (since we 

have assumed a fixed, known aggregate), 
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3) unbiased, as our method of construction will ensure. 

These requirements lead to the Ansatz, 

where ~2(~ is a random variable expressing the residual 

variation after our attempt aE prediction. It is this 

variation that we wish to minimize in some sense by seeking 

an optimal form of the coefficients, A. 

Hew best to go about this requires some thought. We might 

follow Mayerson's approach in his famous paper on Bayesian 

credibility (3) and minimize E E ~.(0)~3 . This 

optimizes individual equity. More important than individual 

equity, however, is the insurer's aggregate risk in this 

class of business since the security of all policyholders 

depends in part on the control of this risk. This would lead 

us to s e e l a s o l u t l o n m i n i ~ z i n  I ~ [ ~ ' ~ - J .  I f  t he re  

were indeed a conflictpwe should have to choose the latter. 

The marvelous fact is that no conflict exists: the individual 

equity solution else minimizes the agsregste risk, as we shall 

demonstrate i~ Appendix B. 

Let us now compute the expectation of the squared individual 

risk residual. In our abbreviated notation an asterisk denotes 
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summation on the indicated index. 

~ ' ~ ...1_ ~ _ - L  (~) 
= ~; '~"~ - = ,~2~') -~ ' ( <'<')) '- '- ~ z f A i ; #  

. . . .  K " ~  /< - K"~ b K ° /  

The extra terms with Lagrangian noefficlents, ~ and ~ 

are added to enforce the sum constraints while treating the 

starred objects as independent variables. This model is 

soived in Appendix B. Here we merely state the solution: 

This  leads to the p r e d i c t i o n ,  

.~z,, .( ,)~..(.  • e,,.(..). (~) 
The above is a beautiful result ~i©h should gladden the hearts 

of all accuarles, ~hat £t tells us is that, in the context 

of our covarlance model, credibilities can be nested at 

different levels of aggregation, providing only that the 

aggregation is carried out properly. 
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Within this bristling expression, we may identify: 

the partial credibillties,~;applying to the 

experience of risk, As, in period, t , 

their compl .... t,~/-~A~(O)napplying to the 

class aggregate, 

the experience estimate of the class aBgregate, 

~ m  (~) ~ relative to the and it .... dibility, ~ + ~  ~ )  
global aggregate, ~. 

All this falls out of the model and a simple Ansatz with 

no need for approximation. 

This nested structure, with its easy Ident~flcation and 

separation of individual and aggregate elements, is the 

structure that has always been assumed in actuarial practice. 

It is gratifying to know that it also has an appealing 

axiomatic Justification in the context of risk and estimation 

theory. One loose and remains, however: the parameters K 

and K~, one for the aggregate, one for each classification 

in the scheme. These must be estimated from the data available 

and this considerable problem will occupy us in the'next 

section. Before embarking on this project, however, let us 

consider some straightforward extensions of our model. 
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Extensions of the basic Model 

It is fairly easy to compute the consequences of relaxing the 

assumption that the aggregate loss ratio, ~ , is known and 

fixed. Doing so, we are led to the predictive relationship, 

with the bias constraint, 
A4[. A.. ) = I  

Note t h a t  t he  sum now ex tends  ou ts£de t h e  c l a s s ,  A. A l so ,  

the global mean, ~, does not appear: the model tells us how 

to compute i~ from the experience data. The result is iden- 

tical to equation (6), except that where ~ appears in (6) 

we have now 

Another natural extension of ~he model is to take into account 

~he problem raised in the last section: that the identity of 

an individual risk changes as time elapses and ~hat the rele- 

vance of experience decays with age. Let us suppose that 

this decay is exponential in time. The indicated eovariance 

model becomes 

~ > o .  
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This model is much more difficult to solve (and to apply in 

practice) than the model of equaEion (I). At this writing, 

the general solution is not available. We can, however, 

exhibit the partial credibilities in a simple, one-class model 

using two periods of data: 

Z(z) = ;~w(~) 

where L= ~ .  

This form is less than appealing, but not out of the question 

in a computerized experience rating system. The form becomes 

progressively more complex as more periods of data are intro- 

duced. It is seen [hat, as ~--~[ these expressions approach 

the more famil~ar partial credibilities defined with equation 

(s). 
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IV. Estimation 

As we have remarked, our basic model, with the linear Ansatz, 

prescribes the form of the credibilities at all levels of 

aggregation and even tells us how to compute the moat efficient 

linear estimates of the aggregatea at each level. (Our reaulta 

apply to a simple, cellular scheme of classification. More 

complex schemes, involving several class differentials, require 

separate study.) We have, however, to estimate the homogeneity 

parameters, and our preferred forms make that task singularly 

awkward. Regardlesa of dlfficultiea, this taak of estimation 

cannot be bypaaaed. Reliance on judgment producea an untuned 

credibility scheme that can do more harm than good. The admin- 

istratlon of an experience rating plan is two expensive and time 

consuming co leave its risk-control aspect out of reckoning aince 

it is just this chat justifies the trouble and expense. 

In this section we ahall diacusa several aspects of the estimation 

problem, starting with the algebraic estimation scheme of 

Buhlmann and Straub. We shall then discuss a more elementary 

approach: that of non-linear estimation by searching on the param- 

eter apace. We ahall then conclude with some brief remarks on 

alternative estimation schemes aaaoclated with the name of the 

atatlatician, Charles Stein. 

A. Al~ehraic Estimation 

We use the term algebraic estimation co denote the use of 

statistics whlch can be computed directly and combSned to 
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yield a solution for the parameter in question. Following 

the method of Buhlmann and Straub in their 1972 paper (i), 

we may define the statistics, for our model defined in equa- 

tion (i) of Section II, 

and 

with 

and 

for each class, A, and the global statistics, 

,q4~ 

Using the defining equation of the model, we find, 

/ I~,,.l,>y -/ 

~ f  w,,.<'~'f7 
+ X&.(y)  - 2 4 ÷ ~ ~ T ~  s j , 

eft<"; = 5 er~:'], 
~- f"]= ~7-~<" ['- ~-<,,..,,, _7 
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The important thing to notice about this system of expressions 

is that it can be solved for the K4"S and K in terms of the 

expectations and the exposures and risk counts (the N's). 

Replacing the expectations by the actual sums of squares then 

gives asymptotically unbiased estimators for the parameters, 

K and K ~ , (all A). 

For ease of computation, these estimators are unmatched. 

They do, however, possess some drawbacks. First, estimation 

of the K's involves taking ratios of sums of squares, and 

small sample bias may be substantial. This problem can be 

circumvented only by introducing a hypothesis for the detailed 

form of the distributions - something we would rather avoid. 

Second, the estimation scheme involves computing the aggregates 

in a way we have already seen to be suboptimal. Third, and 

most important from a practical viewpoint, the solution for 

the K's involves taking the difference of sums of squares with 

appropriate (positive) coefficients. This can, and sometimes 

does, lead to a negative estimate for ~" ~ ~ , as 

should never be since these are components of variances and 

must be positive to make sense. One recourse, in such a slc- 

uatlon is Just to set ~ to zero (K-~ ~), a solution 

corresponding to perfect homogeneity. Considering the extreme 

ease of computation in this scheme, along with the counter- 

vailing drawbacks, it seems sensible, in the age of the 

electronic computing machine, to use these estimates as 

starting values in a more accurate iteraEive scheme. This 
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brings us to our next topic. 

Non-llnear Estimation 

On this subject, there is always much less to be said than 

to he done. This is the brute force method for estimating 

non-llnear models when short cuts prove unacceptable. Given 

a model for the individual risk residuals, the method is 

applied in two stages: first define a loss function, usually 

a linear combination of the squared residuals, which we wish 

to minimize: second, vary the parameters of the model, 

following an efficient search algorithm, until no further 

improvement in the loss function can be achieved. Both stages 

are fraught with difficulty, and a discussion of search 

algorithms is entirely beyond the scope of this paper. Although 

refinements are possible, and perhaps desirable, a choice for 

the loss function of the form, 

will usually serve. (Here ~ refers to estimated values of K 

and all the K a , one for each class.) For the purpose of 

evaluating the efficiency of the model, ~ may be compared 

where ~ is the assumed aggregate value or the estimated 

value defined in Section IlI-C. The efficiency can be defined 

o ( z )  
E =  / - , v - ~ - i  .~. , 
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C. 

where N is the number of risks and n is the number of classes. 

Small sample corrections have been applied to account for the 

n~u~ber of parameters (K's) that must be estimated. If the 

estimated value, r ~ is used, it is preferable to minimize 

If there are many classes in the model, it may be desirable 

to minimize in stages, guessing at the aggregates, optimizing 

K ~ within each class, combining these results to find a 

value of K, recomputing the aggregates, and iterating until 

the loss function ceases to improve. Such an approach was 

suggested by Morris and Van Slyke in their recent paper. It 

is impossible to specify more detail outside a practical 

situation, but a simplified treatment using data from B~Imann 

and Straub's 1972 paper is described in Appendix C. 

Stein Estimators and Small Sample Corrections 

In recent years, some very interesting developments have 

taken place in the statistical community which have an 

important bearing on actuarial credibility concepts. We refer 

to work in estimation theory initiated by Charles Stein ( 2 ). 

There is not space for thorough discussion, but the basis of 

these estimation techniques lles in shrinking the individually 

estimated means for an Inhamogeneous ensemble toward some prior 

estimate or guess at the true means. The shrinkage factor 

varies according to the expected variance of the individual 

member and is chosen to minimize a quadratic loss function 
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summarizing the dev ia t i ons  of  the e n t i r e  ensemble. 

If all this sounds faml]iar, it is no wonder, if the center 

of the shrinkage is taken to be an estimate of the common 

aggregate mean, the procedure satisfies tile definition of an 

actuarial credibility technique. Further the explicit goal 

of the est imation,  minimization of quadratic loss ,  i s  ident ica l  

to the goals of Bayesian c r e d i b i l i t y  ana lys i s .  I .deed, a 

recent paper tinder review by tile adventurous and innovative 

Subcommittee on Credlb i l i ty  at ISO, t rea ts  a scheme nearly 

ident ica l  to that proposed in Section I l l  of the present work. 

The paper is that of Morris and Van S]yke (4), and their 

formal results are identical to ours except that the indlvidual 

risk credibility turns out to have the form, 

~-3 K 

where n is the number o f  r i s ks  in  the sample. As n becomes 

l a rge ,  t h i s  approaches the usual Bayesian r e s u l t ,  The d i s t u r b -  

ing point is that the small-sample correct ion i s  not derivable 

[tom thei r  forn~llsm, but must be introduced freehand, mainly to 

compensate b ias  introduced due to the use of maximum l ikel ihood 

estimation assuming normal  distributions. 

It is interesting to compare with the Bayes-Mayerson formula- 

tlon that we used in Section III. In this paper we let the 

minimal risk condition dictate the computation o f aggregates, 

and the small-sample corrections did not appear. If, on the 

other hand, we had used straight premium weighting, as in the 

I 
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Buhlmann Straub procedure, the model would have bristled with 

small-sample corrections of the elumsles[ sort. These corrections 

are eliminated because they are built into the aggregates which 

are nor fixed but slide around as the homogeneity parameters 

are varied. Since Morris and Van S1yke compute their aggregates 

in the same way, their small-sample correction must arise 

entirely from the method of estimation. Their method at 

maximum likelihood assuming normal distributions imposes a 

level of hypothesis which one would llke to avoid in insurance 

statistics, if at all possible. It seems that a (l,lCSt is in 

order for a method of estimation which does not have these 

d r a w b a c k s .  We p r o p o s e  t i m  m e t h o d  a d v a n c e d  e a r l i e r  in  t h i s  

s e c t i o n  a s  a p o s s i b l e  c a n d i d a t e ,  d e s e r v i n g  m o r e  s t u d y .  
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V. Conclusion 

In conclusion, we shall review our main points, remark on some 

connections with financial theory, and close with a brief discussion 

on the systematics of practical use of these ideas. 

Some of the lessons we have learned deserve underlining: 

- A credibility scheme for pricing that is well-tuned for 

risk control can have 31gnificant impact on the marketing, 

underwriting, and financial aspects of an insurance busi- 

ness, on marketing through improved individual equity, on 

underwriting by allowing greater flexibility in the choice 

of insured and more rational review of individual risk 

experience, on financial by decreasing uncertainty in 

underwriting results consequently allowing more lucrative 

employment of the investment portfolio. 

- An untuned credibility scheme cannot be expected to do any 

of these things optimally, or even reliably. In particular, 

the "classical" claim count credibility used in classiflca- 

tion ratemaking is very rigid and difficult to tune and 

poorly adapted to risk control requirements. 

- A credibility scheme cannot be expected to follow trends 

accurately, nor to prescrihe the most efficient system of 

classification. These must be treated separately, though 

the credibility scheme may produce technical corrections 

to the global and class aggregates. 
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Our proposed model, extended lo estimate the overall aggre- 

gate corrections, dlctatesthe splitting out of relatlvlties 

from the top to the bottom of the process, including class 

credibilities, and has the convenient nested structure 

always assumed in class and experience rating. 

Although the question of estimation is far from settled. 

The recent work of Morris and Van Slyke shows that it is 

possible, by an iterative scheme, to go beyond the limita- 

tions of the Buhlmann-Straub estimators. Extensive lore 

on non-llnear estimation techniques is available as a guide 

in such work. 

A great deal of credit is due to the ISO Subcommittee for 

bringing these ideas close to practical application. 

It is perhaps enllghtening to examine out results in the light of 

some aspects of financial theory which came to the fore in last 

year's call paper program, in his prlze-wlnning paper, (5), Robert 

Butsic brought forward the distinction between systematic and 

non-systematic risk: non-systematic risk is subject to the law 

of large numbers and can be reduced, relatively, by increasing 

the book of business; systematic risk cannot. The significance 

of this distinction to pricing is that an insurer can load its 

rates to cushion against systematic risk since it affects 

co~panies of all sizes in the same way. In a market with efficient 
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price competition, however, it is not possible to load rates 

against non-systematic risk since smaller companies will price 

themselves out of the market. Inspection of the covariance 

assumptions of our ~odel shows that it combines both elements: 

inhomogeneity is a key element of systematic risk, and credibili- 

ty theory is aimed directly at controlling it. The lesson is 

clear: well-tuned pricing credibilities can give a company a 

real market advantage by allowing it to run safely on slimmer 

margins. The result is a more financially efficient operation 

from which all parties benefit. 

Some final clarifications are due on how such ideas can be put 

into practice. We shall draw a broad outline, omitting - unfor- 

tunately but necessarily - some important questions of detail 

regarding data consistency and other matters. 

First, tuning a credibility scheme requires data; where are they 

to come from? The answer is that companies and bureaus are awash 

is such data. The main problem is that they throw it away too 

soon - before the feedback loop is complete. A proper credibill- 

ty scheme for ratemakimg and individual risk pricing must be an 

infor~ation system and not just a set of assumptions, however apt. 

A complete feedback loop implies correlation of premium and loss 

data on the individual risk level. This is done in the o~eration 

of all experience rating plans. However, these data must also be 
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kept around for tuning the model for the next rating cycle and 

testing the stability of the optimal parameter values. Such 

tuning will yleid aggregate corrections, class relativit±es, and 

a simple experience rating formula, using the K A tabulated for 

each class, A, in which all complications are kept behind the 

scenes and away from the rating clerk's desk. 

I wish t o  thank my colleague Glenn ~|eyers for keeDine me u~ to 

date on happenings at ISO and developments in the litera[ure. 

Special thanks go to Barbara Dudman for typing the manuscript. 
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Appendix A: Detailed Stochastic Models 

Bayesian models are usually presented in terms of underlying 

variables, which can be observed only indirectly through Bayesian 

inference. We have not done so here because a variety of models 

leads to the covariance structure which determines ~he credibilities, 

and there is no need to commit oneself to a particular model. To 

illustrate this we show two simple models, one additive, one multi- 

plioative which lead to the same structure. 

i. Additive Model 

A 

is the aggregate mean; 

~4 is the systematic departure of class A's experience from 

the aggregate. 

q~, is the departure of risk afs experience from the mean 

of class, A. 

• (~) is the random fluctuation producing risk a's actual 

experience in period, t. 

.... dora varlables j ~ / ~  , ha .... Th conditional 

mean, zero, and are mutually independen=. Their covariance 

structure is 
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2. 

These assumptions lead to 

our model from Section III. 

Multiplicarive Model 

Let us apply exactly the same symbols and assumptions to a 

different model, 

The same covariance for this model is 

This has the same algebraic structure as the additive model 

and, after redefinition of the parameters, will lead to the 

same credibility formula. 
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Appendix B: Solution of Least-Squares Conditions 

Our purpose here is to record calculations too involved to include 

in the main text: the derivation of our chief result, equations 

(5, 6) of Section III and the proof of our assertion of harmony 

between individual equity and aggregate rmsk control. 

i. Derivation of Credibility Formula 

Requiring the risk function, R~ , of Section III, equation 

(4) to be stationary to variations of the coefficients, A, 

leads to the equatloos, 

K K ' 

.L A~'(,~- ~.* - a ,  H, = o G) 

' ,n~'l,,-p, = 0 (3) 

Solution: 

v~ . . . .  ~ b  W4 9 

.rid A2"iO = ~'., Z , .  (~) s- ~,,,~ Z . , ( ~ ) ,  (q) 

*ere Z ,~(÷)  = ~"  (~) 
W."~4.(') ] 

c~) ~ (~). , ,42"e.> = / - g ~  = Z , , . ( , ) + z ' ~ Z ~ , . ( * ) ,  
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2, 

I 

which on substitution into (4) gives 

This is equation (5) of Section III, which, with equation (3) 

of that section gives equation (6), the desired result. 

Harmony of Equity and A~sregate Risk Control 

Our assertion in the main text was that 

is minimized by the same solution which minimizes 

E [ 
so chac there is no conflict between the two. This would be 

obvious except that these model residuals involve the same 

individual risk records through the classification aggregates 

and are not manifestly independent. 

To proceed, we first define 

SO that the allrelate residual is 

~i,!,) g,,#) = Z ~,~o)(~4o)-D. 
"" : - e'7' ~ 2 (0  (~,,,,, ~+~-;) 

and the expectation of its square is 
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+ 2 ~,4, (at~,) -2,at(~)  

giving the equations, 

These can be solved by the same steps used earlier in this 

appendix, using the sum constraints; the result is 

A 2 #)  = w~, co) Z~,  ~+) *Z ~.@O-z~,~)e~7~ ~ 
which is easily recognized as 

o ~'~.~ 

where the A is the solution derived earlier for the individual 

risk problem. 
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Appendix C: Estimation of Single Class Model with Data 

It is desirable to test our model against data; however, data are 

hard to come by. We shall content ourselves by working with the 

tabulation presented in (I). This is a set of reinsurance data, 

gross premiums and excess loss ratios on a uniform. 'as-lf' basis. 

We present these in the following table: 

Trea tylYea r : 4 3 9 i 0 

i w= 5. 6. 8. 10. 12. 
x= 0.0 0.0 4.2 0.0 7.7 

2 w= 14. 14. 13. Ii. I0. 
x = 11.3 25.0 18.5 14.3 30.0 

3 w= 18. 20. 23. 25. 27. 
x~ 8.0 1.9 7.0 3.1 5.2 

4 w~- 20. 22. 25. 29. 35. 
x- 5.4 5.9 7.1 3.1 5.2 

5 w= 21. 24. 28. 34. 42. 
x- 9.7 8.9 6.7 10.3 ii.I 

6 w= 43. 47. 53. 61. 70. 
x- 9.7 14.5 10.8 12.0 13.1 

7 w- 70. 77. 85. 92. lO0. 
x = 9.0 9.6 8.7 11.7 7.0 

In the above table, w stands for the premium and is used as a 

statistical weight, while x stands for excess loss ratio (in percents). 

We have used the data from years 4 through I to predict experience 

in year zero. The collective consists of a single class and our 

model is 

wo~:O I - Z ( , )  = J< " 

Z"(gJ e-,,,, 4 ~ 7  
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The asterisk denotes summation on treaty, a-l, 7, or on year, 

t : I, ~. 

The model has a single parameter, K. Its structure, however, 

involving the aggregate estimator, ~ j is too complex for the 

non-linear fittlng modules of most statistical software packages. 

In this instance, though, it was a simple matter to construct a 

Fortran program to scan across prescribed parameter values and 

write out the value of the loss function, 

~el;7 

and other statistics. 

The results are shown in Exhibit 1 and are somewhat surprising. 

Buhlmann and Straub, using their algebraic estimators, arrived at 

a value, K~ ~ [~3 • Optimizing the loss function in our model 

gives a value, /~. 0./2 or, essentially, zero. This is the same 

as saying that the members of the collective are so diverse that 

the aggregate information is of no use, and each insured is rate 

should he determined from his experience alone. Statistically, 

the B'dhlmann-Straub result is not much different from this since 

17.3 is a good deal smaller than the cumulative premi~ on any 

ome treaty. Unfortunately, the collective is very smell, and any 

estimate will be highly uncertain. 
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Exhibit 1 

Fi=ting of Single Class Model 

Parameter, Loss Sliding 
K Function Mean 

- I0.0 3631.13 -- 
1.0 3334.86 -- 

0.i 3332.94 -- 
0.0 3332.89 8.644 
0.I 3332.87 8.646 
1.0 3334.00 8.663 

i0.0 3425.40 8.787 
OO 6431.49 9.496 

Fitting Residuals 

Treaty 

1 
2 
3 
4 
5 
6 
7 

Average 
Root Mean 

Square 

K- 0.0 

6.54 
12.58 
0.31 
1.80 
2.17 
1.32 

-2.83 

0.59 

3.36 

K- OO 

-1.80 
20.50 
-4.30 
-1.20 
1.60 
3.60 

-2.50 

0.32 

4.66 

Weisht 

12. 
I0. 
27. 
35. 
42. 
70 

i00. 

296. 
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CREDIBILITY AND SOLVENCY 

by PHILIP HECKMAN 

Reviewed by JANET FAGAN 

Much work has been done in the past few years on the 

applications of Bayesian credibility to insurance pricing. 

This work has been born of necessity due to the failure 

of "classical" credibility theories. Recent work by 

B~uhlman and Straub as well as Morris & Van Slyke 

incorporate the Bayesian concept of utilizing as much 

information available from historical data as possible 

in predicting behavior for a segment of a population. 

The B~ihlman-Straub work develops a method for individual 

risk rating using a credibility scheme for each risk 

based on historical data of the risk and the total 

population. The work by Mr. Heckman is an attempt at 

extending this approach to the problem of individual 

risk rating within the classification ratemaking exercise. 

In so doing he emphasizes the point that individual risk 

credibility can be approached in the same way as class 

credibility and he derives a very neat nested credibility 

structure. A second point which is driven home by this 

paper is the extent of work which remains to be done in 

investigation of suitable and workable estimation 

schemes. 
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The Model 

Mr. Heckman begins his work by defining a model which 

assumes a certain structure for the first and second 

moments of the loss ratio distribution function as 

follows: 

E -- 

/ 

This model structure assumes a global mean, though 

this is later shown to be an unnecessary assumption. 

The covariance can be given the following verbal 

interpretation. Classes are assumed to be independently 

distributed. Thus, there is no contribution to the 

covarlance unless the two risks belong to the same 

class, therefore K is a measure of the homogeneity 

of the class. Similarly, K A is a measure of the 

correlation of an individual risks' experience over 

time under the assumption that one risks' experience 

is independent of anothers (ie: no contribution to 

covarlance between two risks). The WAa(t ) represents 

a random component of the model and ~ is a 

constant. 
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, 
where b£ A, a risk function can be defined as -~C E 

It is this function which is to be minimized to arrive 

at the optimal set of coefficients AbAa(£). Mr. Heckman 

A 

asserts that the solution which minimizes the individual 

risk also minimizes the global risk. Unfortunately, 

this result flows directly from this covarlance model 

structure and is not true in general. The resulting 

nested credibility structure is very neat. 

The credibility for a risk at time t is calculated 

to be ~a (~ 

and the class aggregate is a credibility weighted average 

of class experience with credibility 

This workup is quite similar to the B~/hlman-Straub 

methodology and the major obstacle now becomes the 

estimation of the parameters K and K A. 

E s t i m a t i o n  of  P a r a m e t e r s  

A r e a s o n a b l e  e s t i m a t i o n  p r o c e d u r e  i s  p r e s e n t e d  by 

Mr. Heckman but n o t h i n g  is said regarding the speed 

at which such an iteration converges, nor is it 
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clear that it must converge in all cases. Somehow 

building a theoretical model witn all its niceties 

and then having to resort to a trial and error 

approximation routine seems less than perfect. 

It is in the area I would like to see some work 

done. 

Mr. Meckman refers to the small sample corrections 

introduced in the Morris & Van Slyke work as being 

"gratuitously introduced". At tnis point I must 

take exception, the correction term is required due 

to the estimation procedures used. It is true that 

the current work does not require such correction 

factors but this is due to alternative, not superior, 

mathematics. 

Implementation 

At the end oi the paper, Mr. aec~an asserts that the K 

and K A values can be updated on a regular basis by 

bureaus who are "awash in" in the required data. While 

it is true that the operation of an experience rating 

plan is based on the correlation of premium and less 

data for an individual risk, only Workers' Compensation 

experience rating modifications are computed from 

bureau data. The Statistical Plan for this llne is 
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specifically designed so that the unit report data 

is on a policy basis. For other lines (ie: ISO lines) 

this level of detail is not possible nor is it 

necessarily desirable. Data for these lines is not 

compiled on a policy basis and cannot be retrieved 

on such a basis from bureau files. 

Returning to Workers' Compensation, the only llne where 

such a scheme may apply, the experience rating plan 

generates a single modfficatiom The proposed scheme 

would generate separate credibilities by class for 

each risk thus adding a gTeat deal more complexity 

to the plan. I suspect it would also add alot more 

variability to an individual risks' modification. 

Whether this is desirable is open to question. 

All credibility work I have seen done by the Bayesian 

method in the last few years has concentrated on a 

one way class scheme. We are nearing the point of 

workable credibility methodology using this approach 

and it is time for thinking about the much more 

difficult problem of 2-way schemes. Hopefully 

more work will be done this year and next on 

both problems. 

- 157 - 



TITLE: PRICING FOR CORPORATE OBJECTIVES 

AUTHOR: Mr. Frank J. Karlinski 

Mr. Karlinskl is Actuarial Director with Prudential 
Property and Casualty Insurance Company. He received 
his FCAS in 1977 and is a member of the CAS Exami- 
nation Committee. 

REVIEWER: Mr. Robert A. Anker 

Mr. Anker is Vice Presldent-Corporate Planning 
at the American States Insurance Company. Bob 
received his FCAS in 1972 and is a member of the 
American Academy of Actuaries. He has served on a 
number of corm~ittees including the Education Com- 
mittee (Vice Chairman) of CAS, Public Relations 
Committee of CAS and Committee on Property and 
Liability Insuraace-Financlal Reporting Principles 
of the American Academy of Actuaries. 

- 158 - 



The Dete~inin~.tion of a Profitable Rate Level 

The exercise of determininK a rate level for some future 

period usually takes place within the context of an already 

existing rate level. Sere amount of experience is usually avail- 

able under the cu*'rel,t rates end under other older rate levels 

whioh nan be adjusted to current levels through a mathematical 

process %'hieh is familiar to us all. In any event, data is 

usuall~, available for at least a some%'hat credible determination 

of the adequacy of the current rates. So ordinarily the ratemaking 

process is actually ~ rate review process as the results of the 

analysis are usually expressed in terms of changes to the present 

rotes. %~len the process is considered as a revie%" of ourrent rates, 

major steps in that process naturally follow. They are: 

i. Determination of the adequacy (or excessiveness) 

of the present rates fcr the present time. 1 

2. ident~ficaticn of the perceived differences 

between the present time and the future time and 

quantification of those differences. 

3. Translation of the results of steps 1 and 2 ~nto 

changes to the current rates to create adequate 

but not e):ees~ive rates for some future ~eriod. 

Step 1 requires that experience period premiums and losses be 

ad~nsted t 9, reflect the current levels of ~remiuuz collections and 

loss incurJ1r, ents. ~ This step requires Judgments as to, among others, 

Ipossihly it would be more precise first to speak of the adequacy 
of current rates for the time represented by the experience, but 
that uo~/d Just slow us down %'ithout adding significantly to the 
discussion. 

?The reader is advised not to nttesJpt to find "ineurrments" in a[.y 
standard English dictionary. Instead let us define by analogy: 
psi; is to payments as incur is to ineurrments. 
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data ~ufficiency and accuracy. This type of judgment deuls with 

somewhat knox, n quantities and events of the past and present 

rather thal, ~ith predictions of future conditions or events. Such 

Judgments are usually suseFtable to a rather objective deductive 

t3'pe of reasoning. Let us refer to such Judgments as deductive 

Judgments. 

In step 2 we compare the present with the future and there- 

fore we must make Judgments about events that have not yet occurred 

and conditions that may net yet exist. The usual procedlu'e for 

doing this involves the examination of phenomena of the recent past 

such as inflatlcn rates and frequency trends and extraction from 

those phenomena of ~nferences about the future. Let us therefore call 

those types of Judgments inferential Judgments. Inferential 

Jud~ents usually ~eig.: quite heavily in the amount of trend that 

will be used to bridge the gap between the present and future periods. 

Step 3 involves the application of trends sad other perceived 

differences between the present and future ~eriods to the current 

rate level, ~rlth adjustment for the current iradequaey Or redundency= 

to derive the required rate level for the future period. We now 

have Lhe basis for a new set of rates which, if our reasoning, 

assumptions and inferences are good, will bring us to vithin epsilon 

(defined by ehonce varlatlon, the law of large numbers and luck) of 

a profitab%e l:osition in the future period. 

But let us look at step 2 once more. There we identified the 

differences between the current and future Feriods. However, there 

are differences that could not possltly have been evaluated at that 
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time; thcy are the differences caused by ~he change in rate ]eve] 

itself dctermined in step 3. ~lese differences could include the 

change ill the company's competitive ]~sition with other companies 

wrltin 6 in the ss_me market place, changes to the types and amounts 

of coverages ~ulchased by present and prospective insureds prompted 

by the noven~en~, in rates, and the amount and kind of new business 

that ~ill be generated by the nee rate level. We make both 

deductive ~nd inferential Judgments many times along the way to 

sn~riving at a rate level. Now we see that some additioeal judg- 

ments are necessary. We must decide ~'hether the rate level that 

is a product of our asstu~ptions and Judgments is compatible with 

those ass~nptions and judgments. This final Judgment is an 

J nferentiel one in that it involves prediction of the future r~%ther 

lhan deductions about the past or present, br example, ve may 

have assumed in step 2 that our o%m bock of business vcuid experience 

a frequency trend which does not differ from that of the rest of the 

industry, i.e. that the relative quality of our book of business will 

no~ eh~I~ge het~een the present and future periods. But given the 

rate level change derived in step 3, can ~e expect to be able to 

attr~ict risks that are as gocd as the once ~e have been attracting 

with the c1~reat rate level? If the rate change indication is l'or 

a substantial increase, that assumption could be questioned, 

especioll$' if the competition is net expected to take s'imilar rate 

action. Or suppose the data indicate a suhstintial decrease in rate 

]evel. The resulting !mprove/nent in competitive position could he 
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enouch to cause a significant increase in the number" of new risks. 

q~:is influx of new business with its usually hlg~er loss ratios may 

eontradiel our sssumptlons about the new/renewsJ, split Jn the future 

and could create an inadequacy in the indicated rate level. A small 

Jud£mental reduction in the indicated 6ecrease could bring that rate 

level into equilibrium with its underlying assumptions. 3 

~o we see that both deductive and inferential ,~udgmentn are an 

appropriate and necessary part of the rate review process and that 

inferential judgments must be made i~th during the process and in the 

evaluation of the compatibility of the resu/ts vith the underlying 

asz~ptions. So rate level is both cause and effect. It is the 

effect of 8 certain level of losses but it also is, in s sense, a 

cause of those losses since the rate level determines the type and 

quality of risk that will be written. 

For example, suppose we are to determine the rate level for 

Company A in a very competitive and ~rlce conscious environment such 

as private passenger automobile. ~*e current rate level situation is: 

Rate level as % of 
5 of Company A Level Total rdarket 

Company' ~ 95% 20% 

Cc~:[,any A i00% 5% 

Companies C, D, E ]05% 25~ 

Others 120% h5% 

Invol~tary 150% ~ 

3 The question cf whether an ,assumed chance ihdne lisw/renewal 
distribution should be reflected in the rate level at all is 
an interestiD6 and important oz'e and the answer is not at all 
clear, hut neither Js it pertinent to this discussion. 
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I!o'~ suppose our rate level indication is for a 25% ix~crease in 

rates. Such en increase would totally change the competitive picture 

for Ccupany A. Instead of being in a position to attract zor~e o:' 

tile best risks, Company A would have the highest rates in the 

voluntary market. The indication for +25% assumes the ability tc 

attract the better risks, for that was ~mplied by the competitive 

posit~on during the experience period which produced that indication. 

But e/early that assumption ~s incomparable %-ith our ta~.ing that 

increase. Yet ~'e need the higher rate level to ~upport the level of 

losses that ~e expect. What should we do? 

Look at the table of rate levels again. If we, as Company A, 

need a Zb~ increase in rate level, then either we are doing something 

ver~' ~Ten 6 or Companies B, C, D and E will also need larce increases 

in the nes/" future. Assuming the latter, we should increase rates by 

10% or so and plan to increase again later after the ethel" companies 

have changed. In this way we have preserved as nearly as ~'e can the 

equilibrium between our determined rate level and the assumptions 

underlying it. 

This dynamic relationship between rate level decision and- actual 

rate level needs is a strong argument for making the actuary a part 

of the decision making process instead of merely a provider of infer- 

varies. Let us now explore further the role the actuary might play in 

company decision making. Specifically let us examine company goals as 

they relate to the actuary or decision maker. 

CGO~LS AND INFERENTIAL JUDGMF~I~ 

The first question to be addressed by the actuary wlth regard to 

company goals might be: How does aehlevement of the stated goal in 

some future period change the *'ate level need for that period? An 
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equally impcrtant question but one which may not be as obviously 

vithln the utrict domain of the actuary is: How can the product 

be priced to give the stated goal the best possible chance to be 

achieved with the greatest positive implications for profitability? 

A slightly more imnediate question which should also be of interest 

to the actuary is: What information that the actuary is most qualified 

to obtain and interpret would be most useful in making final pricing 

decisions in light of the stated goals? Let us examine these 

questions through a model. Suppose a nationwide insurer of private 

passenger automobile is considering a growth goal for itself that 

translates into a 100% countrywide increase in new business writings 

for the coming year. That growth goal need not translate into a 

doubling of the new writings in each state; only the countrywide goal 

is important to the company. The company enjoys a renewal ratio of 

90% end ~s currently in a no growth (in exposures) situation and is 

earning a 2% tu~derwriting profit on premiums. If an effective annual 

investment rate (that is, considering the amount of time for which 

policyholders' fm~ds are held for investment) of 3% on premi~s is earned 

and 8% is earned on invested surplus, then the current overall rate of 

return on surplus given a 2 to 1 premium to surplus ratio is: 

2 ( 2 . o ~  + 3.0%) + 8.0% = 18.o% 

The overall return of 18% h is considered adequate but is generally 

not sufficient to attract significant amounts of new capita/. If new 

business generates loss ratios which are 20% above those for renewal 

business, the premium dollar may have components llke the following: 

h Let us simplify by ignoring taxes and other peripheral nuisances. 
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~}ew (10%) Renewel (~0~)  Combined 

Losses 72.0% 60.0~ 61.2% 

Expenses 5 36.8 36.8 36.8 

rh'ofit 8.8 3.2 E.O 

Total 100.0% 100.0% iO0.0Z 

A doubling of new business spread equally among the states 

wou/,] result in a combined loss ratio of about 62.2~ as follows: 

[lew (20) Renewal (90) Total 

Losses 72.0~ 60.05 62.2~ 

Expenses 36.8 36.8 36.8 

Profit - 8.8% 3.2 1.0 
100.0% 100.0% 100.0% 

The return on surplus ~;ould then be: 

2.2 (1.0% + 3.0%) + 8.0% = 16.8% 

We have given up some current earnings for growth which we 

hope rill translate into future higher earnings. But suppose 

the insul'ers do,rain consicts of only two states each with one 

half the total premium volume and with experience as follows: 

State A State B 

New Renewal New Renewal 
(~) (h~) (~) (h~) Total 

Losses 66.0% 55.09 78.0% 6~.0% 61.2% 

Expenses " 36.8 36.8 36.8 36.8- 36.8 

Profit - 2.8 8.2 - lb.8 1.8 2.0 

Total 100.0% 100.0% 100.0% i00.0% i00.0% 

5 Of course new business expenses are higher but that isn't needed 
here; the point is that the profit is negative. 
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~:ow if our growth goal countrywide can be achieved by ~Titing 

all our extra new business in State A, the profit picture would be 

quite different. The countrywide loss ratio would be 61.6%, the 

under%Tiring profit would only be reduced to 1.6% and the rate of 

return would be: 

2.2 (1.6% + 3.0%) + 8.o% : 16.1% 

a higher current rate of return on surplus with achievement of our 

gro%-th goal, the best of both worlds. But notice that the level of 

new business %Titings would have to triple in State A to achieve 

this result. Such a level of new production may go beyond the 

efficient limits ~mposed by either internal manpower constraints 

(such ~s the number of under~Titers familiar with thai state) or 

the &vailability of such a large number of new and acceptable 

risks ~n the :.tare. It is probably more reasonable to assume 

that the loss ratio, the expense ratio or both would increase 

for new h1:s~ness in State A as we do the things, such as adver- 

tising or !oo~enin~ of underwriting standards, which are necessary 

to attract !ay£e numbers of new risks. The result would probably 

reduce the rate of return to a figure below the 18Z no growth rate. 

The model could he taken further to include such factors% but let 

us instend return to the three questions Of interest to the actuary 

and attez*pt to answer them within the context of the mc4e!. 

?he first question was: How does achievement of'the ~oal in 

the future period change the rate level need • for that period? 

The question could he addressed each time a state's rates are 

reviewed~ hut we have already seen that ~t is better from a 
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profitability standpoint to concentrate growth in the profitable 

states within certain limitations. To address the question state 

by state is to give an incomplete and unsatisfactory answer. How 

then should we proceed? We must answer the question on a country- 

wide basis by developing a state by state plan of growth that 

adds up to the country~ide objective. Each state's part in the 

overall goal can then become a factor in the inferential 

Judgments used to develop the "goal oriented" rate level indica- 

tions for that state. But this cannot reasonably be done without 

reference to the second question of interest to the actuary: How 

can the product be priced to give the stated goal the best 

possible chance for achievement with the greatest positive 

implications for profitability? FOr example, suppose the stated 

goal is modarate growth with no reduction to the overall rate of 

return. Most probably the influx of unprofitable new business 

would have to be offset by an increase in the Beneral rate level 

so that the same overall rate of return is achieved. ~ut if we 

want to concentrate our growth in the profitable states, those 

states weuld require a substantially higher growth rate prompting 

sn equally substantial offsetting rise in the overall rate level. 

This rite in rate level may not be possible without eompromislug 

the competitive position in the state and destroying the possibility 

for the d~sired growth, a "Catch 22" situation. ~%e solution may be 

to concentrate the growth in the profitable states but spread the 
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needed rote !eve] increase among all states so the effects on 

competitive position will be negligable. 6 

THE NEED FCR A FRICI~ POLICY 

The details of the particular problem of gro~h and 

profitability helng discussed here are not important. What is 

important is the generalization that springs from the exercise. 

The best ~ay to achieve the overall corporate goal in this case 

is to ~lan a strategy for each state so that the sum of the 

states' objectives equals the country~'ide objective. But all 

states' goals must be set at the same time to insure that the 

whole will equal the sum of its parts. But the nature of the 

task will not allow all states' rates to be reviewed at the same 

time. Therefore, it is imperative that the corporate objective 

be tra:,slated into a state by state pricing strategy which can 

be referenced as each state's rates are reviewed. It can be 

argued that if the role of the actuary, or more precisely the 

$uneticn of the pricln~ area of the company's actuarial department, 

is to derive the best possible estimate of the future rate level 

needs in each state, then the corporate goals need not be trans- 

lated into a pricing policy at all~ they need only be recognized 

by man,Ghent as it makes state by state rate level decisions 

(as contrasted with the calculation of rate level needs). Then 

the decision maker wculd receive two separate inputs:, the overall 

corporate 6oals on the one hand and the state by state "no goals" 

6 Such action should not ordinarily cause regulatory concern siT!ce 
the rates state by state are usually at such a point within the 
ran6e of reasonableness that small increases would not produce 
excessive rate levels. 
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rate level indications on the ethel'. The decision maker's task 

then wou]d be to synthesize the two to deterl~ine the rate level 

that will actually he used in the future. Uo doubt corporate 

goals could be addressed in this way but the method needlesslzl 

obscures the ramifications far the overall goal of the individual 

state decisions. The decision maker is left in the position of 

having to Rake an inferential judgment with practically no guidance. 

~or example, he ma}" have a rate change need of +i0% in a particular 

state in %'hich he wishes to generate substantial growth, l{e m~3' 

estimate that, with gro%~th, the rnte level need ~'euld be +12% so 

that gro%%h has virtually eliminated the 2~ profit in the state. 

This is a rather subjective foundationless inference. 

h~cw remember the third question of interest to the nctuary: 

kqnat information that the actuary is most qualified to obtain and inter- 

pret would be most useful in making final pricing decisions in light 

of the stated goals? The answer here is that if corporate goals 

are translated into pricing strategy which is then communicated 

do%q% te the level at %'hich the rates are actually revie%'ed, then 

"no seal" rate ]oval negus and "corporate objective" rate level 

ne~ds can both be calculated and competed. The decision mskt:r 

can then see Frecisely what the goal is costin 6 in profltabil~ty 

and competitive i~sition. He can also s.ee the r[unlflcatiens for 

the countrywide goal of choosing the "no Koal" rate indication :or 

a particular state. In this way the decision maker can constantly 

reevaluate the goal itself in terms of its profitability cost and 
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also track the state by state progress toward the goal as each 

state is reviewed. ~le decision maker can do all this because 

the actu~n'y, ~ware of corporate goals and al~ed ~'Ith a pricing 

policy based on them, has provided a precise calculation of the 

relationship between those goals and the otherwise applicable 

rate needs for each state. The need for inferential Judgz.ents 

has not been eliminated, but a vehicle has been provided by ~hieh 

those judgments can be made ~ithin the rate review process itself. 

~at vehicle is a pricing policy based on overall corporate 

object!yes. ~e have replaced the ]2~ vs. i0~ crude Jud&nent of 

the decls~on maker above with the mathematical evaluation by the 

actuary based on statistical knowledge oi' the relationship between 

nev and renewal loss ratios. 

Let us sur~zarize in Just a few sentences. Pate level incica- 

tions ere not static inputs into the decision making process, rather 

they form a dynamic interrelated system with deeisiors,either rate 

level or growth decisions, se that indicated rate level needs 

deterztine and are determined by those decisions, qhis realization 

does t~o things. First it argues persuasively for including the 

sctu~ry in the decision making process. Second it demonstrates the 

need for a direct ]ink between corporate goals and the rate level 

calculation (a ~ricing policy) so the actus1~ can calculate rate 

loyola in a msnzer consistent with those Goals and provide other 

inforDatio~ of value in the decision making process. 
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FR~C~G FOR CORPORATE OBJECTIVES 

by Frank Karlinski 

Review by Robert A. Anker 

My initial impression of ~. Karlinski's paper was that it is a 

sales piece aimed toward fuller utilization of the actuary's training 

and skills in the pricing decision process. Subsequent readings con- 

firm that impression. 

The premises of the argument Mr. Karlinski espouses go llke this: 

i. Often the ratemaking/rate review process performed by the 

actuary is a pro forma data analysis function. (Mr. Karllnski 

later refers to this as "no goals" ratemaking.) 

2. The nature of the insurance pricing/undervriting/mark2ting 

process is such that each of these components are interdepen- 

dent with each other and with profitability. 

3. The quality of decisions made is directly related to the 

quantity and quality of information available at the decision 

point. 

Mr. Karlinski first argues that, where the first premise applies, 

it represents underutillzation of the actuarj's skills and that, at a 

minimum, the relevant interdependence inherent in "no goals" ratemaking 

should he valued and fed into the decision process. This would repre- 
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sent, as a first step, an enhanced utilization of the actuary's skills, 

some recognition of interdependence, and some improvement in the informa- 

tion available at the decision point. 

Without an explicit identification, Mr. Karlinski then points out 

that the corporate goals tend to be marketing and profitability oriented 

and set independently of priclng/underwriting considerations and, often, 

independently of each other. To provide the link among all varlables, 

he identifies the need for pricing policy. In discussing the pricing 

policy, he often refers to it as a pricing strategy. The term strategy 

is hlghly preferred, both because it is more descriptive and because it 

is the more commonly used term in the literature on corporate planning 

which is, to a large extent, what this paper is about. 

Once the strategy link is included, complete with all its necessary 

feedback loops, the prlcing/underwriting/marketing/profitability inter- 

dependencies have been recognized and can he valued. The valuation pro- 

vldes the vehicle for maximizing the quality and quantity of information 

to the decision maker. The actuary becomes key to the process because 

he is most qualified to accomplish and interpret the valuations to the 

decision maker(s). 

Thus, to the extent that each of the premises indicated a deficiency 

in exlstimg processes or an opportunity for improvement, corrective 

mechanls~s have been identified. 

There are companies who have achieved the processes for which Mr. 
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Karlinskl argues, and some that have gone beyond them. Where the full 

loop exists, the actuary Is ~ntlmately involved in the goal setting pro- 

cess itself. It is the actuary who provides the analytic guidance on all 

past and prospective goal interdependencies within the context of the 

corporate mlss~on and long range plans and strategies. 

I agree ~Ith Mr. Karlinski's premises and his conclusions. However, 

there are a fs~ deficiencies or unrecognized opportunities that might 

be noted: 

1. Coverage and underwriting standards are as equally a part of 

the interdependent structure as rate and market position. 

They also need to be recognized in the process and, by that 

recognition, can afford additional flexibility to the process. 

2. There are also opportunities to affect the balance of the 

various items through changes in the expense portion of 

premium dollar. 

3. The same arguments for strategizing from corporate goals to 

a state-by-state level are valid for strategizlng the rate- 

making within a state. Indeed, this is probably the key place 

for an actuary to start demonstrating the skills that can apply 

at a higher level. 

h. In attacking the problem of sacrificing some profitability in 

a given state in order to gain market position, it is more 
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proper to use surplus funds for that expansion and require that 

the necessary return be gained over time from the specific state. 

This is both a better business basis for decision making and 

an approach less open to possible regulatory criticism. 

Finally, speaking as both an actuary and a corporate planner, I 

feel that the questions Mr. Karlinskl articulates as needing to be ad- 

dressed by the actuary are "right on." But, even more importaztly, they 

are questions that must be asked by management in order to realize optimum 

use of corporate resources. 
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INTRODUCTION 

As wlch any o t h e r  l l n e  o f  i n s u r a n c e ,  t he  r a t e m a k e r ' s  goa l  i a  to  

d e v e l o p  r a t e s  t h a t  w i l l  cover  l o s s e s  and e x p e n s e s  ( i n c l u d i n g  u n d e r -  

w r i t i n g  p r o f i t )  a r i s i n g  from p o l i c l e s  in f o r c e  d u r i n g  a s p e c i f i e d  

f u t u r e  p e r i o d .  In o r d e r  to  accomplish t h i s  g o a l ,  a p rope r  match 

be tween  premiums (o r  e x p o s u r e s )  and l o s s e s  p lus  e x p e n s e s  must  be 

e s t a b l i s h e d .  Th i s  i s  p a r t i c u l a r l y  i m p o r t a n t  leben s t a r t i n g  f rom an 

e x p e r i e n c e  p e r i o d  which  may r e f l e c t  c o n d i t i o n s  which have  changed  o r  

which  a re  expec t ed  t o  change p r i o r  to  o r  d u r i n g  the  p e r i o d  f o r  which 

r a t e s  a r e  b e i n g  made. 

The r a t e m a k e r  must know what coverage was and w i l l  be p r o v i d e d .  Has 

t h e  i n s u r a n c e  p o l i c y  i t s e l f  changed? Has the  l e g i s l a t u r e ,  i n s u r a n c e  

r e g u l a t o r  o r  cou r t  changed  the  i n t e r p r e t a t i o n  o f  the  p o l i c y  r e s u l t i n g  

in  a de f a c t o  change in l o s s e s ?  Has the  t e r m  o f  the  p o l i c y  been  

m o d i f i e d ?  Has t h e r e  been  a s h i f t  in i n s u r e d s  by d e d u c t i b l e ?  

The r a t e m a k e r  must know Idlo was and will be i n s u r e d .  Has t h e r e  been 

a change  in t h e  c o m p a n y ' s  m a r k e t i n g  o r  u n d e r w r i t i n g  p o l i c y ?  Has 

t h e r e  been a change in  the  i n v o l u n t a r y  m a r k e t  mechanism? Has t h e r e  

been  a change  in c a n c e l l a t i o n  or  nonrenewal  laws? Has t h e r e  been  a 

s h i f t  in i n s u r e d s  by c l a s s  or  t e r r i t o r y ?  
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The ra temaker  must e s t i m a t e  what e f f e c t s  changes in  economic and 

o t h e r  c o n d i t i o n s  w i l l  have on insu rance  c o s t s .  Nhat is  the change in 

the cos t  o f  goods and s e r v i c e s  fo r  which insurance  pays? Nhat is  the 

change in claim frequencies? 

The ra temaker  must know what the r a t i n g  system i t s e l f  was and w i l l  

be.  ass  a r a t i n g  v a r i a b l e ,  e . g .  d a m a g e a b i l i t y - r e p a i r a b i l i t y ,  been 

m o d i f i e d ,  i n t r o d u c e d  o r  e l i m i n a t e d ?  Has the o v e r a l l  r a t e  l e v e l  been 

r e v i s e d ?  

All of the above factors and their interaction should be considered 

in making rates. The following sections of this paper will concen- 

trate on them, p a r t i c u l a r l y  t h o s e  most important  o r  unique to 

ra temaking  fo r  the  pe r sona l  au tomob i l e  p h y s i c a l  damage c o v e r a g e s .  

DEDUCTIBLES 

A s i g n i f i c a n t  s h i f t  in the  d i s t r i b u t i o n  of insureda  by d e d u c t i b l e  

d u r i n g  the e x p e r i e n c e  pe r iod  may lead to an improper match ing  o f  

premiums and l o s s e s .  For example ,  i f  t h e r e  were a s i g n i f i c a n t  s h i f t  

of  i n s u r e d s  from the $100 d e d u c t i b l e  to the  $200 d e d u c t i b l e ,  the 

d i s t r i b u t i o n  o[ premiums and l o s s e s  might be comparable to Table  I 

for  a g i v e n  c a l e n d a r  yea r .  I f  p r e c i s e  payments and r e s e r v e s  were 

known immed ia t e ly  with no e f f e c t s  from p r i o r  c a l e n d a r  y e a r s ,  then the 

a c t u a l  i n c u r r e d  l o s s e s  and the a c t u a l  i ncu r r ed  l o s s  r a t i o  would 

be those  in columns (2)  and ( 3 ) ,  r e s p e c t i v e l y .  
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TABLE I (premiums and losses in thousands) 

(I) (2) (3) (4) 
Earned Actual Incurred Actual Loss Calendar Year (C.Y.) 

Deduct ible  Premiums Losses Ratio(2)/(1) Paid Losses 

$I00 $l ,200 $ 840 70Z $1,250 
200 800 560 70 200 

Total $2,000 $1,400 70 $1,450 

(5) (6) (7) 
C.Y. Loss Accident Year (A.Y.) A.Y. Loss 

Deductible Ratio(4)l(1) Paid Losses as of (12 mos.) Ratio(6)/(1) 

$I00 104Z 800 67Z 
200 25 400 50 

Tota l  73 $1,200 60 

It i s  clear that the calendar year paid loss ratios in column (5), 

which differ from the actual incurred loss ratios in column (3), 

would produce improper matchings of losses and premiss due to the 

l ag  in r e p o r t i n g ,  proces s ing  and l~ying of  c la ims .  

~le accident year paid losses as of  12 months in column (6) have to 

be developed to an ultimate level. Unless tlle overall loss develop- 

ment factor (or factors by deductible) reflects the shift in deducti- 

bles (more development on the growing $200 deductible than the 

declining $I00 deductible), a difficult task, the losses will not 

precisely match the premiums. 

As almost all physical damage claims are paid within 60 to 90 days of 

occurrence, few (if any) companies establish individual case basis 

rese rves .  
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Consequently, as of the end of the experience year the actual incurred 

losses will not be precisely known. As of 15 months (three months 

a f t e r  the end o f  the c a l e n d a r  year )  the a c c i d e n t  year pa id  l o s s e s  

should have developed to the actual incurred losses, and the distor- 

tion would have been e l l m i n n t e d .  

Another way of correcting for the distortions in the data as of 12 

u~nths, particularly iE calendar year paid losses arc used, is to 

adjust the data to a common deductible basis as set forth in Table 2. 

Deduct ible 

TABLE 2 (premiums and losses in thousands) 

( l )  (2) (3) (4) 
Earned R e l a t i v i t y  Premiums Calendar  

Premiums at to $200 on 5200 Level Year Paid 
Current Levels D e d u c t i b l e  ( l )  X 1 . 0 0 / ( 2 )  Losses 

$100 $1,200 1.25 $ 960 $1,250 
200 800 1.00 800 200 

T o t a l  $2,000 $1,760 $1,450 

(5)  (6) (?)  (8) 
L.E.R.  1.0 - L,E.R.  l ~ s a c a  on Adj.  l~ s s  
to $200 to $200 Level $200 Level Ratio 

D e d u c t i b l e  Leve l  1.0 - (5 )  (4) X (6) ( 7 ) / ( 3 )  

$I00 20% .80 $I,000 104Z 
200 0 1.00 200 25 

Total $1,200 68 

Deduct ible 

(9)  
Number 
o f  Paid 
Claims 

(lo) ( l l )  (12) 
C.E.R. 1.0 - C.E.R. Claims on 
to $200 to $200 Level $200 Level 

Level  1,0 - (10) (9) X (11) 

$100 2,500 lOZ .90 2,250 
200 500 0 1.00 500 

Total 3,000 2,750 
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G e n e r a l l y  t h i s  ad jus tmen t  i s  to  the  h i g h e r  d e d u c t i b l e  because the 

long te rm s h i f t  i s  to  h i g h e r  d e d u c t i b l e s .  Premiums, l o s s e s  and 

c l a ims  should  be known by d e d u c t i b l e  in order  t o  do t h i s  p r o p e r l y .  

(Depending on the t r end  p rocedure ,  c l a ims  may no t  be needed. See the  

s e c t i o n  on t r e n d . )  The $100 d e d u c t i b l e  premiums are a d j u s t e d  to  the  

$200 d e d u c t i b l e  l e v e l  by m u l t i p l y i n g  by the r a t i o  of  the $200 to  $100 

r a t e  r e l a t i v i t y  as shotm in  columns (1)  through (3 ) .  

m e  $I00 d e d u c t i b l e  l o s s e s  and c l a ims  are  a d j u s t e d  to  the  $200 l e v e l  

by l o s s  and c l a im  e l i m i n a t i o n  r a t i o s  ( L . E . R . ' a  and C . E . R . ' s ) ,  r e s p e c -  

t l v e l y  D as i l l u s t r a t e d  in columns (4)  through ( 1 2 ) .  L . E . R . ' s  and 

C . E . R . ' a  are  deve loped  from a d i s t r i b u t i o n  o f  l o s s e s  and c l a ims  by 

s i z e  and r e f l e c t  the d o l l a r s  o f  l o s s e s  and numbers o f  c l a i m s  e l l m i -  

na ted  by s w i t c h i n g  from a lower t o  a h igh, . r  d e d u c t i b l e .  These r a t i o s  

should  r e f l e c t  l o s s  l e v e l s  snd d i s t r i b u t i o n s  comparable to  the  

e x p e r i e n c e  p e r i o d .  The t o t a l  loss  r a t i o  of 68Z in column (8) o f  

TabLe 2 does not  equal  the  a c t u a l  i ncu r red  r a t i o  of  70Z in  column (3)  

o f  Tab le  1 because the former  i s  on a pa id  b a s i s  and the  l a t t e r  i s  on 

an i n c u r r e d  b a s i s .  Because o f  the  i n h e r e n t  l a g  in pa id  da ta  the pa id  

l o s s e s  in  column (7) o f  Tab le  2 have an ave rage  da t e  o f  a c c i d e n t  two 

or  t h r e e  months e a r l i e r  than  the a c t u a l  i n c u r r e d  l o s s e s  and conse-  

q u e n t l y  r e f l e c t  e a r l i e r  l o s s  l e v e l s .  The pa id  l o s s e s  can be a d j u s t e d  

to  an i n c u r r e d  b a s i s  by m u l t i p l y i n g  by s r e t i o  of  i n c u r r e d  l o s s e s  to  

paid l o s s e s  ( g e n e r a l l y  about  102g fo r  a sample of  companies ) .  
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In Tables l and 2 it was assumed that earned premitaas and actual 

incurred losses were in equal proportions by deductible, i.e., 

deductible rate relativities were appropriate during the experience 

p e r i o d .  I f  t h i s  were not  t he  case ,  then d i s t o r t i o n s  might  be shrouded 

as i l l u s t r a t e d  in Table  3. Tnough the  l o s s e s  and t o t a l  pre~aluras are  

the same as in Table 2, the premiums by deductible in column (1) have 

been changed to  r e f l e c t  the  inappropriate r , , I n t i v i t i o s  osnumed in 

talus (2). 

TABLE 3 (premiums and losses in thousands )  

(1) (2)  (3)  (4) 
Earned Premiums Relativity Premiums on Actual 

at to $200 $200 Level Incurred 
Deductible Current Levels Deductible (I) X 1.00/(2) Losses 

$100 $1,400 1.40 $1,000 $ 840 
200 600 1.00 600 560 

Total 32,000 31,600 $1,400 

Deductible 

(5) (6) (7) 
Actual Calendar Paid Loss 

Loss R a t i o  Year Paid Ratio 
(4)/(I) l ~ s s e s  (6)/(I) 

3100 60% 51,250 89% 
200 93 200 33 

To ta l  ' 70  31,450 73 

(8) (9) (10) (ll) 
L.E.R. l ,O - L.E.R, Losses on Adj.  Loss 

to ~200 to ~200 $200 Level Ratio 
Deductible Level Level (6) X (9) (10)/(3) 

~zoo ~ .80 -~T,ooo 
200 0 1.00 200 33 

Total 31,206 75 

- 1 8 1 -  



While the overall calendar year paid loss ratio and the overall 

actual incurred loss ratio equal those in Table I, the overall 

adjusted loss ratio of 75% in column (11) is much greater than the 

overall adjusted loss ratio of 68X in column (8) of Table 2. The 

actual race level need is much greater than a superficial review of 

the overall data would indicate. Consequently it is essential to 

rate each deductible appropriately. This can be accomplished by 

d e v e l o p i n g  r a t e s  i ndependen t ly  [ o r  eacll d (~ luc t i b l e  h a v i n g  a c r e d i b l e  

volume of  4 a t s .  However, problems may r e s u l t  from t h i s  type o f  an 

approach.  A s m a l l e r  d e d u c t i b l e  migh t  i n d i c a t e  a lower race than a 

l a r g e r  d e d u c t i b l e .  A s m a l l e r  d e d u c t i b l e  might  cos t  u n r e a s o n a b l y  more 

than  a l a r g e r  d e d u c t i b l e .  These problems can be r e c t i f i e d  by 

r e q u i r i n g  r e a s o n a b l e  r e l a t i o n s h i p s  between r a t e s  o f  d i f f e r e n t  

d e d u c t i b l e s .  

Another  way o f  p r i c i n g  the  d e d u c t i b l e s  a p p r o p r i a t e l y  i s  to  a d j u s t  the  

d a t a  to a common d e d u c t i b l e  b a s i s  as d i s c u s s e d  p r e v i o u s l y .  Th i s  w i l l  

r e s u l t  in  a proper  p r i c i n g  o f  t h i s  key d e d u c t i b l e .  Rates fo r  the  

o t h e r  d e d u c t i b l e s  w i l l  then be e s t a b l i s h e d  by r e l a t i v i t y  to  the  key 

d e d u c t i b l e .  

Regardless of whether or not the deductlbles were rated appropriately 

in the past, it is necessary that they be reevaluated for the 

f u t u r e .  Th i s  can be accompl i shed  by r e c a l c u l a t i n g  L . E . R . ' s  a f t e r  the  

d i s t r i b u t i o n  o f  l o s s e s  and c l a i m s  by s i z e  has been a d j u s t e d  to  f u t u r e  

l o s s  l e v e l s .  Each L.E,R.  would equal  the  r a t e  d i s c o u n t  to  s h i f t  from 

the  lower t o  the  h i g h e r  d e d u c t i b l e  (assuming tha t  expenses  a re  

t r e a t e d  s e p a r a t e l y ) .  
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It should be noted that the deductible rates developed by the above 

procedures are appropriate for the average insured. If certain 

deductibles are generally purchased by atypical insureds, then the 

results for those deductibles will be atypical. Rate relativities 

should be adjusted to reflect such atypical distributions. An 

example of such a situation would be the very high deductibles, e.g., 

$I,000. Such a deductible is generally purchased by an insured who 

has  a ca r  va lued  much g r e a t e r  than  tha t  o f  an average  in~ured .  The 

expected percentage loss savings for such an insured with a $I,000 

d e d u c t i b l e  would undoub ted ly  be s i g n i f t c a n t l y  l e s s  than the s i z e  of  

l o s s  d i s t r i b u t i o n  fo r  the  average  insured would i n d i c a t e  due t o  the 

g r e a t e r  v a l u e  of  the  c a r .  The r a t e  r e l a t i v i t y  should  be a d j u s t e d  to  

r e f l e c t  t h i s .  

In the  f o r e g o i n g  pa rag raphs  the proper  match ing  of p r e ~ d ~ s  and 

l o s s e s  was d l s c u s s e d  as  i t  p e r t a i n e d  to  the  e x p e r i e n c e  per iod  and the  

f u t u r e  r a t e  r e l a t i v i t i e s  between d e d u c t i b l e s .  The s h i f t  in d i s t r i b u -  

t i o n  by d e d u c t i b l e  may a l s o  impact t rend  d a t a .  I f  comprehens ive  or  

c o l l i s i o n  d a t a  were examined fo r  a l l  d c d u c t l b l e s  co~nblned, e . g . ,  Fast  

Track  d a t a ,  the  t r end  fo r  the  u n d e r l y i n g  e x p e r i e n c e  per iod  would be 

u n d e r s t a t e d  due to a s h i f t  to h i g h e r  d e d u c t i b l e s .  In Table 4 an 

extremely simple example illustrates how a shift to higher deductibles 

would result in an apparent downward "trend" in losses when in 

fact there were no t r e n d s  in the loss components. 
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TABLE 4 

(I) (2) (3) (4) 
Claim 

Year Exposures  C l a i m s .  Losses  Cos___t__ 

I0,000 1,000 $I,000,000 $I,000 
* 1 10,000 900 800,000 889 

Change f r o m  x t o  x + I Og - l O g  -20X - 1 1 I  

(5) (6) 
Cla im Loss 

_ _  Frequency Cos t  

10l  $ 1 0 0  
9Z 80 

-I01 -201 

Assumpt ions :  1. 

2. 

3. 

4. 

5. 

A l l  coverage  in year  x and x + I was $I00 and $200 
d e d u c t i b l e ,  r e s p e c t i v e l y .  

The L.E.R. to  go from $I00 to  $200 d e d u c t i b l e  was 801.  

The C.E.R. to  go from $100 to  $200 d e d u c t i b l e  was 9 0 I .  

There  were no o t h e r  d i f f e r e n c e s  in c o n d i t i o n s  from 
year  x to  year  x + 1, i .e . ,  no change in c l a i m  c o s t  
o r  c l a i m  f requency  by d e d u c t i b l e .  

(4)-(3)/(2); (5)-(2)1(I); (6)=(3)I(I)o(4)X(5). 

The problem o f  s h i f t i n g  d i s t r i b u t i o n s  by d e d u c t i b l e  can be reduced by 

examining t r end  d a t a  s e p a r a t e l y  by d e d u c t i b l e .  N e v e r t h e l e s s  the 

innate lag iu the payment of claims might create an improper match 

between pa id  l o s s  and exposure  d a t a  used  in  determining c l a i m  f requency  

and l o s s  c o s t  (pure  premium) t r e n d s .  

S u b s t a n t i a l  s h i f t s  in  the  d i s t r i b u t i o n  o f  i n s u r e d s  by c o l l i s i o n  

d e d u c t i b l e  might  event impact p r o p e r t y  damage l i a b i l i t y  ( P . D . L . )  l o s s  

d a t a .  For example ,  i f  i n s u r e d  A had $100 d e d u c t i b l e  c o l l i s i o n  

coverage  and i n c u r r e d  $180 worth  o f  c o l l i s i o n  damage, then  insured  A 

could c o l l e c t  $80 from h i s  own company. I f  i n su r ed  B caused  the 

a c c i d e n t ,  then i n s u r e d  A ' s  company c o u l d  c o l l e c t  $180 from insu red  
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B ' s  company and shou ld  r e t u r n  the  $100 deduc t  i b i s  to  i n s u r e d  A. 

The total P.D.L. loss would be $180 for that claim. To simplify the 

example it is assumed that exactly t h e  same situation occurred one 

y e a r  l a t e r  excep t  t h a t  i n s u r e d  A had  a $200 d e d u c t i b l e .  With a $200 

deductlble insured A could not collect from his own insurance company, 

I n s u r e d  A would have  to  s e e k  r e c o v e r y  o f  h i s  l o s s  on h i s  own. 

C o l l e c t i n g  on a l i a b i l i t y  c l a i m  r e q u i r e s  s u b s t a n t i a l l y  more e f f o r t  

t han  c o l l e c t i n g  u n d e r  f i r s t  p a r t y  c o v e r a g e .  I f  i n su r ed  A d i d  not  

s eek  r e c o v e r y ,  t h e r e  would be a r e d u c t i o n  of one c l a i m  and $180 in  

losses for P.D.L. This would result in a reduction in P.D.L. 

claim frequency and loss cost. As the average claim cost for P.D.L. 

has been greater than $180, the average claim cost would actually 

increase due to the elimination of a small claim, It should be noted 

t h a t  such a s i t u a t i o n  would only be  e x p e c t e d  to  a f f e c t  a s m a l l  number 

o f  P . D . L . c l a l m a ,  and t h e r e f o r e ,  t h e  e f f e c t  on P.D.L.  t r e n d  d a t a  would 

be much less than on collision t r e n d  data. 

THE INSURED 

Physical damage insurance is not compulsory, but i t  may be required 

f o r  t he  l l f e  o f  t h e  loan  i f  the c a r  i s  f i n a n c e d .  A~ the  c a r  ages  

many inaureda drop c o l l i s i o n  and possibly comprehensive coverage. 

Thus t h e r e  i s  a g r a d u a l l y  s h i f t i n g  mix of  i n s u r e d s  in t h e  d a t a  o v e r  

t i m e .  N h i l e  p a i d  l o s s  d a t a  i s  not as  c u r r e n t  an p r e m i ~  d a t a  in 

c a l e n d a r  year  r a t e m a k i o g ,  t he  match o f  premiums and l o s s e s  i s  on ly  

m i n i m a l l y  a f f e c t e d .  To make r a t e s  f o r  a somewhat d i f f e r e n t  group o f  

inaureda in the future, it is necessary to develop proper class and 

territory rate relativitles between risks so that a change in distri- 

bution w i l l  not r e s u l t  in changes  in o v e r a l l  l o s s  r a t i o s .  
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The s h i f t i n g  mix over  t ime o f  i n su reds  p u r c h a s i n g  coverage  might  

impact p h y s i c a l  damage t r e n d  d a t a .  On the  o t h e r  hand the  mix o f  

i n s u r e d s  ~ u l d  be r e l a t i v e l y  c o n s i s t e n t  in P.D.L. t r end  d a t a  because  

the  need for  coverage  i s  no t  a f u n c t i o n  of  the  i n s u r n d ' s  c a r .  

Nowever, t h e r e  are o v e r a l l  demographic s h i f t s  ~./aich might  have some 

impact on t r ends  Ear b o t h  P.D.L. and p h y s i c a l  dar~sge c o v e r a g e s .  

There has  been a g radua l  p o p u l a t i o n  movement from urban to  suburban 

and r u r a l  a r e a s .  This  s h i f t  has l a r g e l y  been t o  a reas  wi th  lower 

l o s s  l e v e l s  and lower r a t e  l e v e l s .  With the  s h i f t  to  more r u r a l  

a reas  has come an i n c r e a s e  in  m u l t i - c a r  f a m i l i e s .  H u l t l - c a r  i n e u r e d s  

r e c e i v e  a m u l t i - e a r  d i s c o u n t  on each ca r  because  of lower l o s s e s  pe r  

car  than  s i n g l e  e a r  i n s u r e d s .  Both o f  these  s h i f t s  may not  c e n t i n u e  

in  the  f u t u r e .  There has a l s o  been a g radua l  i n c r e a s e  in  the a v e r a g e  

age in  the gene ra l  Amerlcan p o p u l a t i o n .  This has r e s u l t e d  in a 

d e c r e a s i n g  pe rcen tage  of  y o u t h f u l l  o p e r a t o r s  and an i n c r e a s i n g  p e r c e n t -  

age o f  a d u l t  and "ove r  65" o p e r a t o r s .  This  g r a d u a l  s h i f t  has been to  

i n s u r e d a  with l o w e r  l o s s  and r a t e  l e v e l s .  A l l  o f  t hese  s h i f t s  have  

r e s u l t e d  in a smal l  d e c l i n i n g  e f f e c t  on a ve rage  r a t e s  and on l e s s  

t r e n d s  fo r  a l l  c o v e r a g e s .  

ECONOHIC b OTHER CONDITIONS 

Recent i n f l a t i o n a r y  t r e n d s  o f  over  tO% a year  in  au tomobi l e  damage 

r e p a i r  c o s t s  have exceeded the  c o s t  i n c r e a s e s  in the o v e r a l l  economy. 

These l a r g e  r e p a i r  cos t  i n c r e a z e s  were p r i m a r i l y  due to the r i s e  in  

c rash  p a r t s  p r i c e s  r e s u l t i n g  from the  i n c r e a s i n g  cos t  to produce such 

p a r t s  and probably  from the  m o n o p o l i s t i c  n a t u r e  of  c rash  p a r t s  
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p r o d u c t i o n .  C o n s i d e r a t i o n  o f  i n f l a t i o n  as t he  most impor tan t  economic 

f a c t o r  i m p a c t i n g  i n s u r a n c e  c o s t s  must r e c o g n i z e  t h a t  i n f l a t i o n a r y  

r a t e s  have been v o l a t i l e ,  a n d  t h e r e f o r e ,  pas t  t r e n d s  may not  be the  

b e a t  i n d i c a t o r  of  f u t u r e  c o n d i t i o n s .  

Inflation also causes inc teases in the cost of both new and used 

cars. As insurance rates for the physical damage coverages re fleet 

the price of the car when new (symbol), they increase with the price 

of the ear. In recent years auto manufacturers have increased the 

prices of their new cars during the model year as well as at the 

beginning of the model year. As symbols have been assigned to a ear 

at the inception of the model year, these subsequent auto price 

increases have not resulted in any additional premium revenue which 

was needed to offset the increased loss potential. ~lile used cars 

generally decrease in value as they age, inflation generally helps to 

reduce the magnitude of this decrease and thereby lessen the decrease 

in losses on these cars. Thus losses remain high through the life of 

the car and losses on new cars are larger then losses on old  ear s. 

A recession or a severe slowdown in economic growth generally includes 

a d e c r e a s e  in new c a r  s a l e s .  T h i s  r e s u l t s  in a s h o r t  t e rm r e d u c t i o n  

in  premium l e v e l s  from what  would o t h e r w i s e  have  been e x p e c t e d ,  fn 

the past new car sales have rebounded so that in the year(s) following 

the recession a large number of new cars would be sold. In the long 

run the distribution of cars by age has remained relatively constant. 

To make rates for a different mix of insured cars by age (and symbol 

too) in the future, it is necessary to develop age (and symbol) rate 

r e l a t i v i t i e s  be tween c a r s  as  p r e c i s e l y  as  p o s s i b l e .  
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In the  pas t  reduced economic growth  had meant a r e d u c t i o n  in the 

i n f l a t i o n  r a t e .  Recent ly  s t a g f l n t i o n ,  reduced economic growth wi th  a 

c o n t i n u i n g  h i g h  r a t e  of  i n f l a t i o n ,  has r e s u l t e d  in c o n t i n u e d  l a r g e  

c o s t  increases with  no premium i n c r e a s e s ,  o r  even d e c r e a s e s ,  due to 

the decline in the sale of new cars. 

In recent years the exchange rnte for American dotlars has vacillated 

and has generally decreased for most countries exporting cars 

to the United States. While resulting increases in the cost of 

foreig, cars have led to higher rates and losses for them, increases 

in the cost of foreign car parts have only led to higher losses. 

These higher losses have been in addition to the increased losses 

due to inflation. Repairs of foreign cars have also been more costly 

because of the limited availability of replacement parts and repair 

services. Also foreign cars have been increasing their share of the 

market steadily through the 1970's. 

One of the reaeons for the increased popularity of foreign care is 

their greater fuel efficiency. Only in the late 19?O's did domestic 

auto manufacturers seriously begin to develop fuel efficient cars in 

response to increased consumer demand and federal regulation. Fuel 

efficiency has become an important consideration because o[ the 

uncertain availability and cost of gasoline. 

The g a s o l i n e  sho r t age  in 1973-4 r e s u l t e d  in  fewer m i l e s  d r i v e n  and 

reduced c l a i m  f r e q u e n c i e s .  As t he  r e d u c t i o n  in m i l e a g e  d r i v e n  

exceeded the  decrease  in c l a im  f r e q u e n c i e s ,  i t  i s  l i k e l y  t ha t  the 

mi l eage  e l i m i n a t e d  was o f  a lower  frequency n a t u r e .  The r ecen t  and 
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continued shift to more fuel efficient cars should reduce the need 

for gasoline from what ~t otherwise would have been. Thus a decline 

in gasoline usage would not necesnarily translate into an equal 

decline in claim frequencies. This would be particularly true for 

comprehensive claim frequency ~lich includ,.s many pc.rile largely 

unaffected by gasoline usage. 

For a r a t emak ing  e x p e r i e n c e  pe r iod  r e f l e c t i n g  reduced c la im f r e q u e n c i e s  

due to a temporary gasoline shortage, e.g. 1973-4, it is necessary 

to adjust claim frequencies to expected levels as if no gasoline 

shortage occurred. Such an adjustment should probably vary by region 

as the claim frequency reductions probably varied by region. In 

addition, this atypical experience might cause distortions in both 

c o l l i s i o n  and P.D.L. t r e n d  da ta  un le s s  a d j u s t m e n t s  are  made to  remove 

the effects of the temporary gasoline shortage. 

Offsetting to at leant some degree nny ehim frequency reductionR due 

to reduced gasoline usage has been the increase in claim costs due to 

higher energy cos=s. In addition, more fuel efficient (smaller) ears 

have also been shown to have worse loss experience than larger 

c a r s .  

If claim frequencies might be reduced in the future because of the 

uncertainty of reduced gasoline usage, there would undoubtedly be 

p u b l i c  p r e s s u r e  t o  r e d u c e  r a t e s  o r  expec ted  r a t e  l e v e l  needs.  

I f  c l a im  f r e q u e n c i e s  d i d  not d e c l i n e  as a . t i c i p a t e d  or they rebounded 

to  pas t  l e v e l s ,  then r n t e  incre:lAes would h~ . ceded ,  and needed 

i m m e d i a t e l y ,  sooner  t han  they could  be implemented,  
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While the prior paragraphs dealt with  uncertain reductions in gasoline 

supp l  l ea ,  i t  i s  p o s s i b l e  t ha t  the  f edera l  government cou ld  r a t i o n  or 

o t h e r w i s e  s u b s t a n t i a l l y  l i m i t  g a s o l i n e  s u p p l i e s  for  an extended 

p e r i o d  of t ime .  Under such c o n d i t i o n s  c o n s i d e r a t i o n  should  be g i v e n  

to  r educ ing  expected c l a i m  f r e q u e n c i e s  in t he  ra temakieg  fo rmula .  At 

the same time premi~ income hsa.ld probably be rc.di1cPd because of a 

r e d u c t i o n  in the  number o f  ca r s  d r i v e n  a.,I n s l~i f t  to  lower r a t e d  

c l a s s e s .  The r e d u c t i o n  in  g a s o l i n e  s u p p l i e s  i s  one example of  an 

economic f a c t o r  which cou ld  impact both  premium and l o s s  d a t a .  

Comprehensive da t a  can be d i s t o r t e d  by a c a t a s t r o p h e  or  a s e r i e s  o f  

c a t a s t r o p h e s .  To make adequate  and s t a b l e  r a t e s ,  l o s s e s  from such an 

occurrence(s) should be excluded from the experience period. A 

provision based on a long-term average of Rush losses should be 

i nc luded  in the  r a t e s  even if no catastrophe occurred. 

TREND 

While the prior section discussed changes in economic and other 

conditions in general terms, this section will concentrate on the 

more s p e c i f i c  r e f l e c t i o n  of  t he se  changes th rough  t r end  d a t a .  

Exper ience  p e r i o d  l o s s e s  can be t r ended  to  f u t u r e  l e v e l s  by use  o f  

p h y s l c a l  damage d a t a ,  p r o p e r t y  damage l l a b i l  ity d a t a ,  economet r i c  

indices or some combination of these items. Of course, physical 

damage da ta  moat c l o s e l y  r e f l e c t s  a l l  past  changes in p h y s i c a l  damage 

l o s s e s .  I t  i s  a l s o  d i s t o r t e d  by the  change in the d i s t r i b u t i o n  of  
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inaureds by deductible. As discussed in the section on deductibles 

t h i s  d i s t o r t i o n  can be reduced,  but not e l i m i n a t e d ,  by e x c i s i n g  

t r end  data by deductible. The alternate approach o f  adjusting trend 

data to a common deductible basis requires modification of at least 

some p o i n t s  o f  t r end  da t a  which might  d i s t o r t  the r e s u l t i n g  t rend  

f a c t o r s .  I f  i n d i v i d u a l  s i z e  o f  l o s s  d i s t r i b u t i o n s  are  not a v a i l a b l e  

for each point to be adjusted, then the adjustment factors themselves 

have to  be e s t i m a t e d  f u r t h e r  i n c r e a s i n g  time l i k e l i h o o d  o f  i n a c c u r a t e  

results. 

Because comprehens ive  p rov ides  coverage  fo r  l o s s e s  due to  c a t a s t r o p h e s ,  

s torms and o t h e r  i r r e g u l a r  o c c u r r e n c e s ,  the  use of  comprehens ive  da ta  

for trend may require edditional judgmental adjustments. Changes in 

the distribution of losses by peril can be due to unique conditions 

or continuing long term trends. While the latter should be reflected 

in the trend data, the former should not be reflected. Thus trend 

f a c t o r s  based on comprehensive  d a t a  may be even l e s s  accu ra t e  than  

t r e n d  f a c t o r s  based on c o l l i s i o n  da t a .  

Like collision data property d~mmge liability (P.D.L.) data reflects 

damage to primarily automotive parts. I)~mage to non-automotive parts 

and the  t h i r d  p a r t y  n a t u r e  o f  P.D,L. l o s s e s  may cause  some sma l l  

d i s t o r t i o n  i n  u s i n g  P.D.L.  t r end  d a t a  to measure t r e n d s  in c o l l i s i o n  

l o s s e s .  As P.D.L.  c l a l m e  r e q u i r e  longer  t ime to s e t t l e ,  P.D.L. t reed  

da ta  i s  not  as  c u r r e n t  as p h y s i c a l  damage t r ead  d a t a .  As noted  in 

the section on deductibles~ P.D.L. data is only minimally impacted by 

the change i n  d i s t r i b u t i o n  o f  i n s u r e d s  by d e d u c t i b l e .  
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P.D.L.  c o v e r a g e  pays c l a i m s  from the f i r s t  d o l l a r  o f  lo s s  whereas  

~ysical damage coverages are generally subject to a deductible. The 

trend in physical damage deductible losses, therefore, exceeds the 

t r e n d  in P . D . L .  losses. The t r e n d  in physical damage deductible 

losses is analogous to the trend in excess losses explained by Mr. J. 

T. Lange in  h i s  paper  "The I n t e r p r e t a t i o n  of  L i a b i l i t y  I n c r e a s e d  

Limits Statistics", PCAS LVI., 1969. For example, if the inflation 

r a t e  a p p l i c a b l e  to a u t o m o b i l e  damage i s  I0%, then  a $400 P .D.L .  c l a i m  

w i l l  be $440 in the  f o l l o w i n g  y e a r .  I f  the  e x a c t  same o c c u r r e n c e  

were paid under  a physical dmaage coverage with $200 deductible, the 

loss would be $200 one year and $240 in the following year, or 20% 

h i S h e r .  The use  o f  a P .D .L .  c l a i m  c o s t  f a c t o r  o f  o n l y  10% tO t r e n d  

p h y s i c a l  damage l o s s e s  would o b v i o u s l y  u n d e r s t a t e  t he  i n c r e a s e  in 

physical damage losses. To adjust for this understatement in 

expected physical damage losses, the deductible can be added back on 

each claim, then the P.D.L. trend factor can be applied to the total 

damage amount, and finally the deductible can be removed from each 

claim as shown in Table 5. 

TABLE 5 ( L o s s e s  in Thousands)  

(1) (2) (3) (4) 
$200 D e d u c t i b l e  P .D.L.  Trended $200 D e d u c t i b l e  L o s s e s  

L o s s e s  Cla ims  Trend l ( 1 ) + ( 2 ) x $ 2 0 0 ] X [ l . 0 + ( 3 ) ] - | ( 2 ) X $ 2 0 0 ]  

$1 ,600 . 2 , 0 0 0  10% $1 ,800  

The c a l c u l a t e d  t r e n d  in $200 p h y s i c a l  damage l o s s e s  i s  +12.5Z 

( $ 1 , 8 0 0 1 5 1 , b 0 0 - I . 0 )  in  t h i s  example .  
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As the mix of  pa r t s  damaged in comprehensive losses  d i f f e r s  from that 

in P.D.L° and collision losses, there may be a difference in trends 

for these  l o s s e s .  AS noted e a r l i e r  in t h i s  s e c t i o n ,  apparent t rends  

in comprehensive losses  may even be c s ~ e d  by s h i f t s  in the d i s t r i b u -  

t ion  o f  l o s se s  by p e r i l .  Any long term t rends  in comprehensive 

l o s se s  due to such s h i f t s  would not be r e f l e c t e d  in P.D.L. trend 

da t a ,  al though they should be. 

I n f l a t i o n  leads  to an i nc r ea se  in physica l  damage c la im f requenc ies  

by cau s ing  p rev ious ly  uninsured (smal l )  acc iden t s  to exceed the 

d ed u c t i b l e  l eve l  and thereby become c o l l e c t i b l e .  Thus, the a p p l i c a -  

t ion  of  a P.D,L. c laim frequency trend fac to r  to physica l  damage 

lo s se s  would unde r s t a t e  fu tu re  l e v e l s  of phys ica l  damage claim 

f r e q u e n c i e s .  As P.D.L. c la im frequency has been dec reas ing  about 2Z 

or 3X per year ,  no change in c o l l i s i o n  claim frequency has g e n e r a l l y  

been assumed. Because no c o n s i s t e n t  pa t t e rn  in comprehensive c l a im 

frequency has been i d e n t i f i e d  and comprehensive covers p e r i l s  d i f f e r -  

ent than P.D.L. and c o l l l s l o n ,  no change in comprehensive claim 

frequency has g e n e r a l l y  been assumed. 

By d e f i n i t i o n  insurance da ta  r e f l e c t s  h i s t o r i c a l  f a c t s ,  and t h e r e f o r e ,  

may not be respons ive  to  cur ren t  and future  c o n d i t i o n s .  Economic 

ind ices  may provide l ead ing  i n d i c a t o r s  of  changes in phys ica l  damage 

l o s s e s .  Furthermore,  econometric  models may even tun l | y  succeed in 

p r e d i c t i n g  fu tu re  phys ica l  damage l o s se s ,  or at l eas t  future c l a im 

c o s t s .  Of course ,  such models must provide an acceptable  f i t  to 

ac tua l  phys ica l  damage los s  t rends  ~t ich  are  a f f ec t ed  by many 

d i f f e r e n t  economic and o the r  cond i t i ons .  
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As discussed in the section on economic conditions, the increase in 

the  cos t  o f  new c a r s  has r e s u l t e d  in a g r a dua l  i n c r e a s e  in  symbol 

(based on cos t  new), and t h e r e f o r e ,  r a t e s  fo r  new c a r s .  This i n c r e a s e  

has  been p a r t i a l l y  o f f s e t  by the  s h i f t  from l a r g e r  to  s m a l l e r  l e s s  

expens ive  c a r s .  The r e s u l t i n g  i n c r e a s e  in symbol can be measured by 

t he  change in  the  ave rage  symbol i n s u r e d  s e p a r a t e l y  fo r  comprehens ive  

and c o l l i s i o n  coverages. As a car ages it generally has decreased  in 

v a l u e ,  and t h e r e f o r e ,  i t s  r a t e s  have g r a d . a l | y  decreased' in  r e l a t i o n -  

sh ip  to uev car (age I) rates. To reflect changes in the volume of 

new ca r s  purchased as we l l  as t h e i r  i n c r e a s e  in p r i c e ,  the  average  

age and symbol f a c t o r  can be examined s e p a r a t e l y  fo r  comprehens ive  

and co111s ion  c o v e r a g e s .  Average symbol and average  age and symbol 

r e l a t i v l t l e s  must be examined s e p a r a t e l y  by coverage  and deduct  i b l e  

because o f  d i f f e r e n t  r a t e  r e l a t l v i t i e s  by coverage  and d i s t r i b u t i o n a l  

d i f f e r e n c e s  by c o v e r a g e  and d e d u c t i b l e ,  

As d i s c u s s e d  in  the  s e c t i o n  on the i n s u r e d ,  t h e r e  has been a g radua l  

p o p u l a t i o n  movement frem urban to  suburban and r u r a l  a r e a s  wi th  an 

i n c r e a s e  in  mul t i - car  i n a u r e d s .  There hsa ~ l s o  been a g r ~ u a l  

decrease in the percentage of youthful operators. Both of these 

factors, which result in n small grad.al decrease in average rates, 

can be measured by examining the change in average  r a t e s  on the 

current rate level after excluding any age and symbol changes. 

Reviewing average  c l a s s  p lan  o r  a v e r a g e  age and symbol r e l a t l v i t i e s  

over some experience period may be difficult. When such relativities 

have been r e v i s e d  d u r i n g  the  e x p e r i e n c e  pe r i od ,  the  change in  the 

average relativity may be distorted. To adjust for this distortion, 
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one s e t  of  r e l a t l v i t i e s  ( p r e f e r a b l y  t h e  c u r r e n t  one)  can  be s u b s t i -  

t u t e d  f o r  any o t h e r  s e t  of  r e l a t i v i t i e s  in e f f e c t  d u r i n g  the  e x p e r i -  

ence period. Because of the extensive degree of detailed date 

needed, it may not be possible to make this adjustment by class or 

age and symbol group. In such a situation approximate adjustments 

could be made. 

To this point discussion of premium and loss trends has concentrated 

on historical data. This may not be the best indicator of future, 

or even current conditions. All factors impacting premium or loss 

trends must be considered. To ensure the responsiveness of trend 

factors to current and future conditions judgmental modifications 

should be made as necessary. Trend factors could be selected to be 

higher or lower than past trends. If trend factors vary by region or 

state, minimum and maximum trend factors could be used to ensure the 

reasonableness of individual trend factors. 

RATING SYSTEM 

In a d d i t i o n  to t h e  t y p i c a l  r a t i n g  v a r i a b l e s  of  c l a s s  and t e r r i t o r y ,  

p h y s i c a l  damage r a t e s  have t r a d i t i o n a l l y  v a r i e d  by age and symbol of 

c a r .  As i l l u s t r a t e d  in T a b l e  6,  each  s~nhol has  r e p r e s e n t e d  a d o l l a r  

r ange  to  which each  make and model o f  c a r  in t h e  new model yea r  has  

been a s s i g n e d  based  on i t s  c o s t  when new. As more e x p e n s i v e  e a r s  

have g e n e r a l l y  c o s t  more to  r e p a i r  o r  r e p l a c e  than  l e s s  e x p e n s i v e  

cars, rates for more expensive cars (higher symbols) have been 

g r e a t e r  than  r a t e s  f o r  l e s s  e x p e n s i v e  c a r s  ( l o w e r  s y m b o l s ) .  
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TABLE 6 

Pr ice New Symbol Comprehensive Rate C o l l i s i o n  Rate 

$0 - 1o000 1 $ 90 $ 180 

1,001 - 2 , 0 0 0  2 90 180 
2,001 - 3,000 3 90 180 
3,001 - 4 ,000 4 I00 200 
~,001 - 5 ,000 5 I I0  220 
5,001 - 6 ,500 6 155 250 

In  the  1970 ' s  many i n s u r a n c e  companies began to  c o l l e c t  d a t a  by make 

and model of  c a r .  This  was accompl ished  by r e c o r d i n g  da ta  by au to  

manufac tu re r  v e h l c l e  i d e n t i f i c a t i o n  nm,ber ( V . I . N . ) .  A n a l y s i s  o f  

t h i s  d a t a  i n d i c a t e d  t h a t  c a r s  of  s i m i l a r  v a l u e  could have s u b s t a n t i a l l y  

d i f f e r e n t  e x p e r i e n c e .  Th i s  has l ed  t o  the  m o d i f i c a t i o n  of  symbols by 

make and model o f  ca r ,  or  v e h i c l e  s e r i e s  r a t i n g  (V.S.R.)  as i t  is  

f r e q u e n t l y  c a l l e d .  

A f t e r  a symbol has  been a s s i g n e d  to  each make and model of  car  

( v e h i c l e  s e r i e s )  f o r  a new model year based on p r i c e  new at  the 

b e g i n n i n g  of  the model y e a r .  an expe r i ence  m o d i f i c a t i o n  i s  made to  

i t .  The exper i ence  m o d i f i c a t i o n  is  based on the latest, a v a i l a b l e  

combined comprehensive  and c o l l i s i o n  da t a  by V . l . N .  for  the  p r e d e c e s s o r  

o f  t h a t  v e h i c l e  s e r i e s .  Loss  r a t i o s  are examined so t h a t  d l f f e r e n c c a .  

in d i s t r i b u t i o n  o f  i n s u r e d s  by c l a s s ,  t e r r i t o r y  and d e d u c t i b l e  are 

r e f l e c t e d .  For example,  s v e h i c l e  s e r i e s  t h a t  i s  d r i v e n  by a d i s p r o p o r -  

t i o n a t e  number o f  h i g h e r  r a t e d  o p e r a t o r s  would be expected to  have  h i g h e r  

than average  l o s s e s  as i t s  r a t e  ~ould a l s o  be h i g h e r  than  ave rage .  

The l o s s  r a t i o  fo r  each v e h i c l e  s e r i e s  i s  then compared to  the l o s s  
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ratio for all vehicle series combined for tbac model year. The 

r e s u l t i n g  r e l a t i v i t y  i n d i c a t e s  how much b e t t e r  or  worse t h a t  v e h i c l e  

s e r i e s  has  been than  the  a v e r a g e .  As beth  comprehens ive  and c o l l i s i o n  

r a t e s  w i l l  i n c r e a s e  or  d e c r e a s e  s i g n i f i c a n t l y  due to  a change in 

symbol ,  a t h r e s h o l d  must be exceeded be fo r e  a symbol i s  i n c r e a s e d  o r  

d e c r e a s e d .  The t h r e s h o l d  can be e s t a b l i s h e d  in s e v e r a l  ways. One 

smountj  e . g .  ~OZ b e t t e r  o r  worse than t h e  n v e r n g c ,  cnn be used .  A 

decision rule which requires an indicated change greater than the 

resulting change in combined comprehensive and collision rates is 

more precise but also more complex (see examples in Table ).) 

TABLE 7 

Symbol Indicated Indicated 
Based On Change Required Change Required 

Price New to Ups~-mbol to Downs~,mbol 

4 +10Z -lO% 
5 +251 -10Z 
6 ÷25Z -20Z 

In both of these approaches a maxlm1~ change of one symbol at n time 

has been permitted, but greater changes might be indicated and could 

be implemented. 

Reviewing data for every vehicle series poses obvious credibility 

p r o b l e m s .  The Highway Loss Data I n s t i t u t e  ( H . L . D . I . )  has  been 

c o l l e c t i n g  the loss and exposure data by V.I.N. of many large auto 

insurers and publishing results by make and model. H.L.D.I. collects 

data separately by deductible and separately for youthful and non-youth- 

ful operators so that results by make and model can be normalized, 
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i.e., adjusted to  a common distribution by deductible and age 

ca t ego ry  of  o p e r a t o r .  This  removes most d i s t o r t i o n  due to  a d i s p r o p o r -  

t i o n a t e  distribution of youthful insureds by deductible or make and 

model. 

Even with H.L.D.I. data many vehicle series have only a small volume 

of data. To produce meaningful results for every vehicle aeries s 

credlbility procedure is required. This can be accomplished by 

credibility weighting the indication of the vehicle series with the 

i n d i c a t i o n  o f  a s i m i l a r  group o f  v e h i c l e  s e r i e s .  

When an e n t i r e l y  new v e h i c l e  s e r i e s  i s  i n t roduced ,  t he re  i s  no data 

on which to base an experience modification. A similar situation 

occurs  when a v e h i c l e  s e r i e s  i s  changed so t h a t  expe r i ence  o f  past  

model years is substantially different from the expected experience 

of the new mode| year. In  both cases, i t  can be assumed that the new 

model year  of  the v e h i c l e  s e r i e s  w i l l  have exper i ence  comparable CO a 

s i m i l a r  group o f  v e h i c l e  s e r i e s .  

].n a d d i t i o n  to  e v a l u a t i n g  symbols for  the  new model yea r ,  symbols 

( i n c l u d i n g  p r e v i o u s  m o d i f i c a t i o n s )  can be a n n u a l l y  r e e v a l u a t e d  on 

e a r l i e r  model yea rs  ( r e symboled) .  By the  second r e symbo l ing  the 

review of symbols for a model year can be based on the data for that 

model yea r .  Modi fy ing  a symbol on a new model year  v e h i c l e  s e r i e s  

has no impact on a company's  p o l i c y  i s s u i n g  system because  the new 

ear  i s  b e i n g  covered  on the  p o l i c y  f o r  the  f i r s t  t ime.  On the  o t h e r  

hand, m o d i f y i n g  a symbol on o l d e r  model years  r e q u i r e s  the  a b i l i t y  

(by hand or s u t o m a t e d l y )  to  r e r a t e  p o l i c i e s  by V. I .N.  The s i z e  and 
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complexity of accomplishing this task automatedly cause a substantial 

impact on a company's policy issuing system as V.I.N. data must 

be accurate and accessible. 

Rating cars by m.ke and model as described .hove has little impact on 

overall premium levels. However, it dace provide for more accurate 

rates by vehicle series. In the long term it may help to control 

increases in losses by encouraging auto manufacturers to build less 

damageable and more repairable cars. While the above approach 

modifies cost new symbols based on insurance experience, it is 

possible that future developments will comprise of more sophisticated 

rating by make and model including the modification of experience 

indications based on engineering analysis to reflect substantial 

changes in v e h i c l e  d e s i g n  which a re  expected to  impact i n s u r a n c e  

losses. 

P h y s i c a l  damage r a t e s  have  a l s o  t r a d i t i o n a l l y  v a r i e d  by age o f  ca r ,  

Older  ca r s  cos t  l e e s  to  i n s u r e  than newer c a r s ;  ca r s  g e n e r a l l y  

d e c r e a s e  in  v a l u e  as they  age.  Through the e a r l y  1970 ' s  the  long 

term inflation rate was less than 5% per year. The increased cost of 

partial losses due to inflation combined with the decreasing value of 

total losses due to depreciation resulted in decreasing losses as a 

car aged as illustrated in Graph I. Thus it was appropriate to 

charge less for a car as it aged. This was accomplished by applying 

increasing discounts to the new car rates (age I). 
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I n f l a t i o n  

GRAPH I 

Depreciat ion 

Age 1 2 3 4 5 

Since 19/3 the high i n f l a t i o n  ra te  has r ap id ly  increased the cost  of 

p a r t i a l  losses .  I t  has a l so  caused cars  to dep rec i a t e  more s lowly.  

Consequently the net e f f e c t  of i n f l a t i on  and d e p r e c i a t i o n  has been 

no change or an increase in losses ss a car aged as illustrated 

in Graph I I .  

I n f ~  

QIAPH I I  ~ Net Cost - 

Depreciat ion 

6 I t 0 I 

Ago 2 3 4 5 6 

In reality insureds did not receive lower rates because rate revisions 

for substantial increases had to be implemented to overcame the 

inappropriate age discounts. The combination of age discounts and 

r a t e  inc reases  f requent ly  caused ra tes  to f l u c t u a t e  as a car  aged as 

shown on Graph I l l .  

Age 
Rate 

(~AIq l  I I I  

Age i 1 ; a 
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Nhile Graph llI assumed modest annual rate revisions and age discounts 

in alternate years (ages 2,4,6), Graph IV illustrates a less stable 

situation with i n f r e q u e n t  r a t e  r e v i s i o n s  for l a r g e  i n c r e a s e s  ( a g e s  3, 

5 ) .  

Age 
Rate  

GRAPII IV 

Rate I n c r e a s e  = R 

Age 

Model y e a r  r a t i n g  (M.Y.R. )  is r e d u c i n g  these problems by a s s i g n i n g  a 

r a t e  to  a c a r  b a s e d  on i t s  model y e a r .  The model y e a r  r a t e  g e n e r a l l y  

s t a y s  the  same u n t i l  an o v e r a l l  r a t e  r e v i s i o n  i s  implemented .  Thus 

H.Y.R. more closely matches rates and costs than age rating aa illus- 

trated on Graph V. 

Age 

GRAFR v 

Net Cost  

~ d e l  Year  Rate  

I i i i i 

2 3 4 ,5 6 
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As nee  c a r s  c o n t i n u e  t o  c o s t  more t o  i n s u r e  t h a n  o ld  c a r s .  r a t e s  f o r  

newer model y e a r s  c o n t i n u e d  to  be h i g h e r  t han  r a t e s  for  o l d e r  model 

y e a r s .  As each  new model y e a r  i s  i n t r o d u c e d ,  i t  i s  r a t e d  a p e r c e n t a g e ,  

e . g .  5g, h i g h e r  than t he  p r e c e d i n g  model yea r  t o  r e f l e c t  the h i g h e r  

i n s u r a n c e  c o s t  o f  n e e  c a r s .  

The absence  o f  age  d i s c o u n t s  and the  s h i f t  in d i s t r i b u t i o n  Co newer ,  

h i g h e r  r a t e d  model y e a r s  r e s u l t s  in more s t a b l e  r a t e s  and a s i g n i f i c a n t  

growth in  premium income unde r  M.Y.R. as i l l u s t r a t e d  in T a b l e  8 .  

This grovth translates into a comparable reduction in overall rate 

level need from t/nat would otherwise have been indicated. The 

combination of premium growth due to M.Y.R. and reduced race level 

need r e s u l t s  in a p p r o x i m a t e l y  the  same i n d i c a t e d  r a t e s  as  under 

age r a t i n g .  

TABLE 8 

Comprehensive Collision 
(1)  ( 2 )  (3 )  (4)  (5)  (6)  

Hodel Race Dist. in Dist. in Rate Dist. in Dist. in 
Year Rel. Year X Year X÷I Rel. Year g Year X÷L 

x+l  1.05 - 9g 1 .05 10Z 
x 1.00 9g 11 t . 0 0  10g 12 

x - l  .94 11 I1 .92 12 12 
x - 2  .88 LL t t  .85 L2 L2 
x-3  .83 L1 I t  .78 12 L2 
x -4  .78 11 I I  .72 12 12 
x-$ .73 II II .66 12 12 
x-6 .69 II LL .60 12 l0 
x - 7  .65 25 14 .55 18 8 

Comprehensive  C o l l i s i o n  
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( 7 )  Average  r a t e  r e l a t i v i t y  in yea r  x: .786 .743  
( 8 )  Average  r a t e  r e l a t i v i t y  in yea r  x + | :  .829 .801 
( 9 )  Change in r a t e  r e l a t i v i t y :  +5 .5  + 7 . 8 Z  
( | 0 )  Approximate  e [ f e c t  on r a t e  l e v e l  

i n d i c a t i o n :  l . O / [ l . O  ÷ ( 9 ) [  - 1 . 0  - 5 . 2 Z  - 7 . 2 Z  



While the  same d i s t r i b u t i o n  o f  ca r s  by age has been s r e a s o n a b l e  

a s s ~ p t i o n  in  the  long term,  the  d i s t r i b u t i o n  has  v a r i e d  in  the  s h o r t  

term.  However, a s u b s t a n t i a l  change in d i s t r i b u t i o n w o u l d  be needed 

to  s i g n i f i c a n t l y  impact the e f f e c t  on r a t e  l e v e l  l i n e  (10) o f  Table  

8. The f u t u r e  d i s t r i b u t i o n s  used to weight  the  r e l a t i v i t i e s  must be 

est imated.  Consequently, exposures are genera l l y  used al though 

premiums would be more precise. 

Model year rate relativities must be reviewed frequently to ensure 

their continued appropriateness. Rates by model year allow responsive- 

ness to better or worse experience between model years, which was not 

feasible under the age rating system. 

STATISTICAL IMPLICATIONS 

A f t e r  r a t i n g  end ra temaking  r e q u i r e m e n t s  have been i d e n t i f i e d ,  a l l  

statistical implications must be determined. This is not to say that 

stat iatical imp l i ca t i ons  are secondary. On the contrary, before any 

rating or ratemaking change is implemented, its star [stlcal implica- 

tions should be considered. 

All data must have sufficiently high quality to have positive value 

in rating or retemaklng. Inaccurate data can lead to inadequate or 

excessive rates thereby damaging a company's fiscal or market position, 

not to mention its credibility when errors are discovered. 
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To deve lop  q u a l i t y  da t a  the  coding  o f  i n f o r m a t i o n  shou ld  be l o g i c a l  

end s i m p l e .  I n s t r u c t l o n s  should  be p rov ided  wi th  examples as n e c e s s a r y .  

T r a i n i n g  shou ld  be a p r e r e q u i s i t e  f o r  a l l  new coders  and f o r  a l l  

coders  when t h e r e  i s  a major  s t a t i s t  i c a l  change.  

As information needed to rate risks is usually recorded more carefully 

than other data, cede as rated is generally n good role to follow. 

However, if the rating scheme i s  too complicated, a significant 

number of both rating and coding errors will result. In certain 

situations i t  may be important to collect data in greater detail than 

is used for rating. Review ~f such data should consider its possible 

lower quality because it is not used in rating. 

When the  s t a t i s t i c a l  i m p l i c a t i o n s  o f  a change in  r a t i n g  or r a t emak ing  

have been d e t e r m i n e d ,  then  the  c o s t  o f  a l l  f a c e t s  o f  the  change can 

be weighed a g a i n s t  a l l  b e n e f i t s  o f  the  change.  This  may lead to a 

s i m p l i f i c a t i o n  o f  the r a t i n g  sys tem.  While i t  may be n e c e s s a r y  to  

make a change in the rating system, the decision may be made to 

forego  the  c o d i n g  of l e s s  s i g n i f i c a n t  items of i n f o r m a t i o n .  De ta i l  

desired for ratemaklng may have to be modified. For example, collect- 

ing ratemakiog data in complete detall by deductible, age and symbol, 

V.I.N., etc. may not be feasible for a company. 

Whatever data i s  collected can be edited to enhance its quality. 

F i e l d  e d i t s  check the  v a l i d i t y  o f  c e r t a i n  columns o f  d a t a :  i s  a 

p a r t i c u l a r  c l a s s  code v a l i d ?  R e l a t i o n s h i p  e d i t s  check t h e  v a l i d i t y  

of certain columns of data relative to other information about the 
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insured: is a particular class code valid in a given state? Distri- 

butional edits compare summarized data of many inaureds to determine 

i f  the  d i s t r i b u t i o n  by a p a r t i c u l a r  c a t ego ry  i s  a t y p i c a l :  i s  t h e r e  a 

d i s p r o p o r t i o n a t e  number o f  i n su reda  in  a p a r t i c u l a r  c l a s s ?  

A similar problem to collecting data is that of summarizing the data 

in the  d e t a i l  t h a t  i s  r e q u i r e d  t o  produce needed r e p o r t s .  The cos t  

o f  d e s i g n i n g  and implement ing  a p a r t i c u l a r  r epor t  may exceed t he  

b e n e f i t s  o f  the  r e p o r t .  

Once the decision has been made on what data to col [ect and what 

reports to produce, methods of estimating required, unavailable data 

may have to be developed. In addition, other affected areas within 

the company must be informed of the limited availability of data in 

certain detail as this may impact t h e i r  o p e r a t i o n s .  

The final review of the data rests with the ratemaker. Kaowledge of 

economic c o n d i t i o n s  and o t h e r  f a c t o r s  a f f e c t  ing da t a  du r ing  t he  

e x p e r i e n c e  pe r iod  a l l o w  the  r s t  cemaker to  d e t e r m i n e  the o v e r a l l  

r e a s o n a b l e n e s s  o f  the  d a t a .  For example, t he  presence  of a l a r g e  

c a t a s t r o p h e  may make comprehens ive  l o s s e s  look  o v e r s t a t e d  r e l a t i v e  to 

y e a r s  w i t h o u t  a c a t a s t r o p h e .  The ratemaker  would recogn ize  the  

e f f e c t  o f  the  c a t a s t r o p h e  on the da t a  and ~ u t d  be ab l e  to  make the  

a p p r o p r i a t e  a d j u s t m e n t s  to  the  d a t a  as d l s c u e s e d  in the  sect  ion  on 

economic and r e l a t e d  c o n d l t l o n e L  
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CONCLUSION 

A f t e r  r a t e s  are  deve loped  by the  r a t emaker ,  they are s u b j e c t  to  

management review. As the rates were developed on the basis of 

eerteln key assumptions about coverage, insureds, economic conditions 

and the r a t i n g  sys tem,  these  assumpt ions  should be c o n s i d e r e d  in the  

management r ev iew.  I f  the r a t e s  are changed by management (o r  l a t e r  

by a r e g u l a t o r y  body) ,  the o r i g i n a l  a s sumpt ions  should be m o d i f i e d  to  

r e f l e c t  the changes in  r a t e s .  Nhatever  the  f i n a l  r a t e s  the mod i f i ed  

assumptions underlying them should be transmitted to all involved 

in the s e l l i n g  o f  i n s u r a n c e .  

As a c t u a l  economic c o n d i t i o n s  can va ry  s u b s t a n t i a l l y  from the  expec t a -  

t i o n s  u n d e r l y i n g  the  r e v i s e d  r a t e s ,  the rntemaker should  be c o n t i n u i n g  

to monitor available sources, e.g. Fast Track data, so that management 

can be informed of  c h a n g e s - i n  the a p p r o p r i a t e n e s s  of  the  r a t e s .  This  

would allow the rate users in the company to adjust their assumptions 

about the a p p r o p r l a c e n e s s  of  the  e x i s t i n g  r a t e s  even b e f o r e  r e v i s e d  

r a t e s  can be deve loped  and implemented.  The importance of  good 

communicat ions w i t h i n  a company i s  a n o t h e r  aspec t  o f  p r o p e r l y  match ing  

premiums and l o s s e s  to  ensure a p p r o p r i a t e  r a t e s .  

As mentioned at the beginning of  t h l s  sec t ion ,  the f i n a l  formula 

rates should be eva luated for  o v e r a l l  reasonableness nnd respons ive-  

hess to cur ren t  and expected cond i t i ons .  The formula is a too l  for  

es tab l i sh ing  such ra tes  and not an end in i t s e l f .  There fo re ,  i t  

should be modi f ied as necessary to r e f l e c t  changing c o n d i c l o n s . . . f o r  

t o d a y ' s  formulas  a re  tomorrow's  a n t i q u i t i e s .  
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RATEMAKING FOR THE PERSONAL AUTOMOBILE 

PHYSICAL DAMAGE COVERAGES 

hy JOHN J. KOLLAR 

Reviewed by GALEN BARNES 

Introduction 

When I was asked to participate in the call paper program by re- 

viewing a paper, I approached the idea with some apprehension. 

I have never been involved in this side of the Society's endeavors. 

Rather, I have been a benefactor of the quality submissions of my 

colleagues and their reviewers in the past. That is not to say 

that I have not had the opportunity to study in fine detail some 

of  the worthier papers as a student and examiner, but I have until 

now kept counsel only with myself. 

My compliments go to John Kollar for the careful deliberation given 

and the time spent in the active role of providing us with a paper 

for discussion. In all honesty, however, I expected a paper much 

different in scope. When I was asked to review this paper I expected 

to receive a recipe guide for a beginning student in my office to 

use and read before he or she began asking the imponderable questions 

that I will never he able to answer. 

Given that I am not reviewing the paper I expected to review, does 

that detract from my opinion of its value? Absolutely not. The 

paper will, I believe, foster the type of discussion for which 

this call paper program is intended. In addition, I believe it 

is particularly significant that John represents a rating organiza- 

tion and the reviewer an independent direct writer for automobile 
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insurance. With different perspectives, surely the author and 

reviewer will identify some diverging opinions that will increase 

the level of discussion. 

Deductibles 

The paper is divided into various sections which I will abide by 

for ease of presentation. The first section addresses deductibles. 

The theme of this section is that a significant shift in the ex- 

posure distribution by deductible during the experience period 

under review may lead to an improper matching of premiums and 

losses. An improper marrlage will result in an inappropriate 

base upon which projections to the future are applied, (e.g. trend) 

for atatewide rate indications, etc. 

The distortion is to be eliminated by use of accident year results 

as of 15 months or the use of 12 months of presumably calendar year 

results adjusted to a counnon deductible. But we are to be wary 

if the prumium converslon relatlvitles end the loss elimination 

relativitiea are out of synchronization. 

In this case it is stated that the actual rate level need may be 

much greater than a superficial review of the overall data would 

indicate. I believe that this statement needs to be made more 

precise as I feel that what has been shown is that the rate level 

for the higher deductible is relatively more imadequate than the 

- 208 - 



lower deductible. ~%en both deductibles are considered together, 

the overall rate level for the two combined may indeed be equivalent 

to the example when loss elimination ratios and premium relativities 

are more appropriately aligned. 

For several years the reviewer has used a calendar year incurred 

loss approach for all deductibles combined and until recently this 

approach has worked reasonably well. With the advent of deductible 

roll-ups other approaches such as those suggested by the author 

have become more important. They have not, however~ replaced the 

use of calendar year ratemaklng based on incurred loss estimates, 

Calendar year incurred losses are equivalent to accident year 

losses if required and carried reserves are the same. The usually 

small size of physical damage loss reserves relative to paid losses 

will generally ensure only small distortion of results if the re- 

quired and carried reserves are not exactly the same. But periodic 

checking of loss reserve developments to assure reasonable accuracy 

is advised. 

The use of total collision results will avoid some of the problems 

of exactly determining the price for each deductible if financial 

health is one of the main objectives and a balance of experience 

indications and reasonability is needed to price some of the 

infrequently used deductibles. The reviewer agrees with the author 

that it is essential to rate each deductible appropriately particu- 

larly if there is a shift occurring. 
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In addition to the methods for accomplishing appropriate deductible 

rating suggested by the author, the reviewer has used the technique 

of reviewing the trend in loss elimination ratios for Judgmental 

selection purpeses. For example, an LER for calendar year n of .12 

and an LER for calendar year n +i of .09 will produce an intuitive 

feeling if a judgmental selection is appropriate. 

The deductible section of the author's paper also speaks briefly 

to the impact of deductible shifts on trend. The reviewer will 

speak to this issue in the section on trend. One facetious 

parenthetical comment is in order, however, in regard to the 

co.ants about the impact of deductible shifts on prbperty damage 

liability. An actuary working for only one independent company 

always assumes that third party claimants will pursue claims, 

if only for $5. 

The INsured 

The theme of this section is that demographic shifts of insureds 

and changing vehicle population characteristics may impact trend 

and possibly the matching of premiums and losses. 

The author has pinpointed some of the societal effects that may 

have an impact on both trends and the experience base. There 

are other soclptal, demographic, and vehicle changes that also 

come to mind which are likely impacting these actuarial measures. 
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While the list is not exhaustive, it includes the following: 

a) Greater metropolitan density on average. While there 

are more suburbanites, they are clogging the urban 

streets and to a greater extent than in the past, 

the suburban streets. 

b) Greater claims consciousness fueled hy the perceived 

decline of affordabillty. 

c) More damageable and expensive to repair vehicles than 

existed in the past. 

d) More small cars being hit by big cars. 

The reviewer agrees that the societal changes considered by the 

author will likely result in a small declining effect on average 

rates and loss trend for all coverages. There are other factors 

though that conceivably have a counterbalancing effect. 

Trend 

The theme of this section is to describe the strengths and weak- 

nesses of various bases for selection of trends for physical damage 

coverages. Distortions caused by deductible shifts; comprehensive 

catastrophes; the use of first dollar PDL severity trends; and the 

use of PDL frequency trends to estimate physical damage frequency 

trends are explored among other considerations. Also considerations 

of premium trends are addressed. 
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This section of the author's paper is filled with items for 

discussion and thought. But to add emphasis to the author's 

remarks or rather to put them in perspective I attach Exhibits 1 

and 2 which are rough calculations of the effect of deductible 

shifts on comprehensive and collision trends. The deductible 

shift effect on comprehensive is seen to be negligible on 

frequency, severity and pure premiums. For collision the effect 

is negligible on severity but noteworthy on frequency and pure 

premiums. 

The point of these exhibits is to caution that the valuable 

information to be gained from reviewing physical damage trend 

data should not be ignored to the exclusive use of PDL data. 

Comprehensive and collision trends are subject to distortions 

as is the PDL data but as John states "all factors impacting 

premium or loss trends must be considered...Judgmental modlfl- 

cations should be made as necessary." 

Informed Judgment is the actuary's best tool and I believe this 

is particularly true in the choice of trends. 

Ratin~ System 

The the~ne of this section is to describe a new rating system to 

reflect vehicle series and model year rating. The new system is 

a clear example of the continued improvement in actuarial technology 
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and the ability to handle complex information systems. The author's 

description is concise, well done, and highly recommended to those 

who have not been living wlth VIN for the past several years. 

The only comments that I feel are In order are as follows: 

i) It is my hope that we soon can support a differentiation 

in symbols for comprehensive and collision to reflect the 

likely expected loss difference between the two coverages 

by vehicle series. 

2) I also hope that first party injury coverage differences 

by vehicle series can be reviewed. 

3) I can testify to the large task of obtaining accurate VINs 

In computer records for resymbollng needs. 

Statistical Implications 

The theme of this section Is that statistical implications of 

rating plans or changes thereto should be considered. The author 

has identified several points to bear in mind as the ratemaker 

designs statistical plans and formats reports. 

The reviewer would only add that in order for information to be 

valuable in managing a company that it must be understandable and 

significant t o  non-actuaries. Data that produces actions is the 

key and not actuarial full employment. 
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Summary 

John's paper is a well written exposition on some of the perplexing 

problems to be faced by a ratemaker for personal automobile physical 

damage insurance. 

While my perspective as an actuary for an independent company differs 

somewhat from John's, I believe that we both agree that the perplexing 

problems must be dealt with. Furthermore, I believe we also agree 

that actuarial Judgment continues to be very important and that 

various ways of approaching the problems must be considered. 

John deserves commendation for his excellent treatment of the 

subject. My review hopefully does not detract from the slgnlficance 

of the paper for it is meant only Go facilitate open discussion. 

As a result the differences of opinion are highlighted rather 

than the agreements. The agreoments far outweigh the differences 

but they have not been emphasized. 
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Company: ABC Insurance Comi~any 

State: X 

Loss Elimination Study 

Collision 

$ 50 Deductible Size of Loss S~ud~ 

Exhibit I 
Sheet 2 

Ded . 

$100 

Amount of No. Of Total 
Settlement Claims Settlement 

Total Losses 
Ellminated 

$1 - 50 121 3,748 3,748 
Over 50 1,714 1,028,917 85,700 
Total 1,835 1,032,665 89,448 

$150 

8200 

$250 

$500 

$i00 Deductible Size of Loss Study 

$1 - 50 403 12,201 
Over 50 7,705 5,819,138 
Total 8,108 5,831,339 

$1 - 100 1,052 61,962 
Over 100 7,056 5,769,377 
Total 8,108 5,831,339 

$1 - 150 1,673 139,522 
Over 150 6,435 5,691,817 
Total 8,108 5,831,339 

$1 - 400 3,952 738,235 
Over 400 4,156 5,093,104 
Total 8,108 5,831,339 

12,201 
385,250 
397,451 

61,962 
705,600 
767,562 

139,522 
965,250 

1,104,772 

738,235 
1,662,400 
2,400,635 

- 216 - 



( J )  

# S O  
Joo  

~ t a J  

Compansi AaC Znnurance Comt~ln 9 
s e a t e r  • 

Comprehens ive  
J f£ecC  o t D e d u c c l b l e S h l f C  

(2 )  (3)  (4)  (5) (6) (?)  (a)  (9) 
G l l ( u l d a r  Year 1975 1979 1978 2975 

/rtjpo~lt,Lre Dl / tJ r2 /xz~. lon ~ l m t ~  Cla~ms S t a c l ~ ] c s  ~ o l ,  3 X CO1, 3 Z COl* ~ • 
~a~ t  Y r .  T~ C a l .  Y r .  71 s e v e r t t ~  Y.z'e~uenc'~ Pure  P r e ~ u m  C o l .  5 C01. 9 Col .  6 

9 , 9 2 0  9,96,0 ~144 .072  $10.~7 724 .24  709 .93  $103 ,970  
80 130 157 .056 8 . 7 9  4 , 4 8  7 . 2 8  70~ 

- 10 187 .041 7 . 6 7  .42 

1 0 , 0 0 0  1 0 , 0 0 0  71e.72  717.61 103 ,57~  

p o t u ~  (1)  J m ,  m r l t 8  IPu~I Coverage# CalmTJdar Year 1975 mceuaJ ave rage  J n c u , r M c o s c  (AZC) 
I SO M . t  F u l l  Coyerage  AZ¢ 50 M .  zJrR - 244 x ~..~$10689 - 342747)  t (7523 - 16J1)  ~ (3310699 ; 7 5 2 ~ ,  

200 M . t  P u l l  Coverage  AZC ~ 100 M .  l.JrR -- 244 • ~2J10689 - 596055) ; (7525 - 3236) t (2310689 ~ 7525~ 

P u l l  Coverzgm~ CaJendar  Year 1975 , c c u a J  f r e q u e n c g  
$ 5.0 M . m  F u l l  Coverage  f r e q u e n t 8  r 50 Dmd../JrR - . 072  • ~ 5 2 5  - 1631)  ; ( 7 5 2 ~  

iO0  M . I  F u l J  Coverage  r r e q u e n c g  • 100 Dad. LI~R - .07~ • ~ 5 2 5  - 3236) 4 ( 7 5 ~  

~ n o l  ua lonm w m . ) h w C  u4u~g 

a , )  P a r e  P r a m l a  

~am4do~J 1975 DlmczJbuc lon  m .0719 
~ a i ~  1979 D, l sc r lbu t lon  m .0718 

Jg.ased on  2975 D J s C r J b u t l o n  - $144 .21  
k s o 4  c~ 1979 D . f s c r l b u ¢ l o n  - 1 4 # . J 8  

i la~ad on 1975 D ~ s C r l b u t l o n  - $ 10 .36  
lhuled on 1978 D~st..z'2bur.ion " 1 0 . 3 5  

.0718 ~ .07J9 - .999 

8144 .18  ~ $244.22 - J . 0 0 0  

$10 .35  ~ $10.36  " .999  

( .999 )  2 ] $  ~ 1 . 0 0 0  

( . 999 )  1 / 3  A 1 . 0 0 0  

I 

I 

( I 0 )  
1971 

C o l .  J I 
C o l .  6 

$102 ,349  
1 , 1 4 3  

77 

1 0 ) , 4 6 8  

~ n  



Exhibit 2 
Sheet 2 

Company: ABC Insurance Company 
State: X 

Loss Elimination Study 

Comprehensive 
Full Coverage Size of Loss Study 

Ded . 

$ 50  

$i00 

$250 

$500 

(1) (2) (3) (4) 
Total 

Amt. of NO. of Total Losses 
Settlement Claims Settlement Eliminated 

$i - 50 
Over $50 
Total 

$I - 100 
Over $100 
Total 

$i - 250 
Over $250 
Total 

$I - 500 
Over $500 
Total 

1,631 48,047 48,047 
5,894 2,262,642 294,700 
7,525 2,310,689 342,747 

3,236 167,155 167,155 
4,289 2,143,534 428,900 
7,525 2,310,689 596,055 

5,864 566,295 566,295 
1,661 1,744,394 415,250 
7,525 2,310,689 981,545 

6,576 818,350 818,350 
949 1,492,339 474,500 

7,525 2,310,689 1,292,850 
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A fundamental problem of pricing insurance is: 

When all is known about claims from an accident-or 

policy-year, that year is too old to be relevant for 

next year's coverage. Thus, our ancestors began using 

aggregate historical patterns to estimate how incurred 

costs of recent periods would mature to full ultimate 

value. 

The cormaon accident-year model will be referred to 

as a representative of these development methods. The 

cost of claims from an accident year can be estimated at 

each of several points of time. The estimate at one 

time divided by the estimate at the previous time is an 

observed development ratio. Development stages are 

defined by a series of evenly-spaced time intervals 

measured from the beginning of each accident year. The 

latest observed ratios for each stage are usually 

averaged to estimate how a recent accident year yet to 

reach that stage will develop when it does pass through. 

The compound product of development ratios over all 

stages after a certain stage until the end of time - or 

to some prudent horizon - is a development factor for an 

accident year which has reached that stage. 

The costs used in the process are usually the 

estimated incurred costs of claims reported to date. 
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The assumption that this statistic will follow historic 

patterns rests on a belief that claim personnel who 

establish reserves are both consistent and uneducable. 

Using paid costs instead of incurred costs is more 

objective, but disregards all information about open 

reported claims. There is a tradeoff of advantages to 

be considered. 

Pricing insurance is like predicting adult traits 

of the next unborn generation of a species. Offspring 

are born and then grow teeth, hair, claws or fins and 

learn to walk, swim, hunt or fly and grow to adult size 

and strength. We can observe how youngsters of past 

generations have passed through stages to become adults 

and so can predict how todays children and adolescents 

will ripen. This is even called "development". 

But in predicting the next and future generations, 

we must allow for evolution. In times of rapid 

evolution, many previous patterns of development into 

adults may not be accurate because the adults will be 

different. It becomes necessary to examine the very 

latest information about members of the species at 

every stage. 

Evolution is called "trend" by an actuary. Trend 

factors are calculated across accident years much as 
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development factors are calculated across stages of 

maturity. So, the costs of a future accident year is 

estimated by essentially this formula: 

I COst Of~accident l a  recentl times' devel°pment l ~ t O r  times ~trend~ct~ 

year I 
This paper compares the common accident-year model with 

the uncommon closure-year model. Whereas an accident 

year includes all accidents or incidents occurring in a 

year, a closure year includes all claims reaching 

final disposition during a year regardless of when the 

incidents occurred. 

Closed claim data offer the most recent objective 

information about final costs of insured risks. In 

times of uncertainty, this can be tremendously important- 

particularly when new methods of claim management Or 

other aspects of claim disposition are significantly 

affecting costs independently from circumstances of true 

original incidents. 

Closure-year models are uncommon because they do 

not represent an insurance product. Accident and policy 

years are more natural. Closed claim data is not 

temporally aligned with claims arising from, reported 

in, or covered by policies issued in a recent period. 
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Closure-year models are difficult to assemble. 

Ideally, you should have closure data for claims 

arising from all prior occurrence periods within a 

conservative horizon. Relying upon open claim 

reserves to represent early periods can cloud important 

distinctions between risks. Furthermore, unless the 

insured population is stable and your data source is 

universal, you must have exposure indices for each 

occurrence period. For application to a future coverage 

year, each occurrence period component of a closure 

year must be separately trended in the traditional 

algebraic model. Pure premium trends are the most 

natural, or they may be split into frequency and claim 

size portions. The use of external cost indices and 

trend residuals is not recommended without considerable 

study into how claim costs are determined by occurrence- 

period, closure-period, and intermediate-period influences. 

The simplest conception of a closure-year model for 

representing an accident year is 

Accident Year (T+i)= ~ Accident Year (T-j+1) /Trend 
cost per unit Claims Closed in Year T ~ Factor~ 

Accident Year (T-j+1) l~iY~r~ 1 
J=l exposures 

where M is the number of years required for all claims 

to be closed. More interesting and useful models will 

be presented in later sections. 
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The most serious conceptual problems with 

closure-year models relate to the passage of time 

over long horizons. We toil and spin in a multi- 

variate world of infinite dimension in which relations 

between finite sets of factors do not remain constant. 

Significant changes over only a few years, however, 

mean important variables have not been included. The 

inability to recognize and usefully measure important 

influences is the true conceptual difficulty in any 

model. Other time-related problems will be discussed 

later. 

Another criticism of closure-year models is that 

they ignore information offered by open claims. They 

resemble an extreme of payment development models. 

This criticism, however, leads us to see the value of 

closed claim data as fully-developed factual information 

about claims now reaching final disposition. During 

any times of changing claim management approaches or 

disposition methods which may affect costs, closed 

claim data should at least be used to supplement an 

accident-year model. The algebraic construction of 

closure-year models suggests closed claim trends 

correspond to accident-year development factors and 

certainly can explain and guide their selection. 
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Illustrations in this paper will mostly be drawn 

from the medical malpractice claims study of the 

National Association of Insurance Commissioners, 

which is the most extensive closed claim research 

effort in the public domain. 

AN ALGEBRAIC MODEL 

The model described hereafter relies on the work 

of Archer McWhorter (2), with some important variation. 

Let us define M to be the number of years required 

for all claims to be closed, or at least a reasonable 

horizon where remaining claims may be aggregated with 

little loss of precision, and 

N(t) = the ultimate number of claims for occurrence 
year t, 

n(t,u) = the number of claims from occurrence year t 
closed during closure-year u, 

g(j) = the fraction of occurrence-year claims closed 
in the j-th year, j=l through M, 

r(t) = the claim frequency trend in year t, or 
N(t)/N(t-l). 

We can first use the number of claims closed in 

year T to estimate N (T+i) by a set of M equations: 

n(T-j+i,T) = N (T+i) t__~! 

~ r (T-k+2) 
= 

or, if the claim frequency trend is reasonably constant, 

n(T-j+i,T) = N(T+i) • g(j) • r-J 
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The following table illustrates the estimation of 

N(1979) and the set of gs for various assumptions of 

a constant frequency trend. Claims closed in 1978 in 

the jth year from date of occurrence were equally 

divided between the jth and (j+l)th years preceding 

1979. The sensitivity of the projected claim volume to 

the assumed frequency trend is readily apparent. 

Estimated closing pattern for 
1979 occurrence year: 

Paid Claims 
_l_ Closed in 1978 r= 1.00 1.05 i.i0 1.15 
1 441 .059 .049 .040 .032 
2 916 .123 .106 .091 .077 
3 998 .134 .121 .109 .096 
4 1,194 .160 .152 .143 .133 
5 1,308 .175 .175 .172 .167 
6 1,047 .140 .147 .152 .154 
7 676 .090 .100 .108 .114 
8 388 .052 .060 .068 .075 
9 200 .027 .033 .039 .045 

10 112 .015 .019 .024 .029 
ii 57 .008 .010 .013 .017 
12 35 .005 .007 .009 .012 
13 24 .003 .005 .007 .009 
14 18 .002 .004 .006 .008 
15 + 61 .008 .013 .021 .032 

Projected number of 
claims arising from 
1979 occurrences 7475 9537 12,221 15,743 

Source: NAIC Malpractice Claims, Vol. 2, No. 2 (1980). 
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Once the rs have been specified, the above M expressions 

give us M+l unknowns. Since the sum of the gs equals 

1.000, solutions can be found for N(T+i) and each g(j), 

j=l,2 .... ,M. 

Now we divide the range of claim sizes into L 

intervals using a sequence d(0), d(1), d(2) ..... d(L) 

where d(0) = 0 and d(L) is a coverage limit or else 

d(L-l) is some practical bound and d(L) is infinity. 

then we define: 

C(k) = average claim cost between d(k-l) and d(k), 

P(klj)=probability of a claim closed in the jth year 

having a cost between d(k-l) and d(k), 

P(j)=probability of a claim closing in the jth year, 

¥(t)=total claim costs for occurrence year t, 

S(t)=claim size trend in year t. 

A straight forward algebraic construction of 

Y(T+i) is 
L M 

Y(T+i) = N(T+I) ~C(k) ~ P(klj) • P(j). 

k=l J=l 

Ordinarily, P(j) = g(j). Evaluating each P(klj) and 

C(k) from closed claim data would begin by examining the 

distribution of claims closed in year T for each of the 

latest M occurrence years. This subset of claims for 

each occurrence year may be more homogeneous then the 
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whole and more likely to follow a theoretical pattern 

such as a log-normal distribution. 

If a density function can be found to describe 

the size of claims closed in year T for occurrence 

year T-j+1, then P(klj) can be evaluated by the 

definite integral from a(k-l) to a(k), where 

a(k) = d(k) 

J 

-~T s (T-k+2) 
k=l 

of, if the size trend is reasonably constant, 

a(k) = d(k) • S -j 

A first approximation for C(k) may be the average 

of closed claim amounts between d(k-l) and d(k). If 

L is large, then that may bo sufficiently precise. 

Othe~ise the effect on the average in each interval 

from a translation of the density functions could be 

determined using modern programmable calculators. 

Those who think continuously may readily observe 

that if the density functions can be generalized to a 

joint function of both claim size and year j, then 

Y(T+i)=N(T+i)i ~(L) x f(xs-J, j) dxd j 

oo 

If the size of a claim is independent of the interval 

from incident to disposition, then 

f(x,j) = f(xlj)g(j) = f(x)j(j) and so 

~+l~ :~C~+l~ ~ d~ xflxsJ~gCj~d~dj. 
o o 
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A great many other algebraic models may be devised 

which rely on a knowledge of trends and claim size 

patterns. 

Trendin~ Methods 

Some closed claim studies (I and 6) have used 

trending methods to attempt to reduce the temporal 

alignment differences by "adjusting" the size of each 

claim to what might be expected for a common occurrence 

period. There have been two problems with these methods: 

(i) They are too simple - relying on elementary curves 

with only primative measures of significance or none at 

all, and (2) such techniques assume time passage affects 

claim costs totally independently of all other factors. 

The latter problem will be discussed in later sections. 

Some approaches to resolving the first problem appear 

here. 

Closed claims have been commonly used to indicate 

claim size trends. Changes in the distribution of 

these claims among accident years, ranked by maturity, 

distort the patterns. Better understanding of both 

size and frequency trends can be gained by displaying 

closed claim data by closure period and maturity 

simultaneously. The NAIC publications (3, 4 and 5) give 

us good illustrations of how this may be done. Due to 

the obstinance of some insurers, however, we are unable 
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to observe reliable frequency patterns from this 

source. 

The NAIC maturity and closure period table 

provides ratios of claim sizes from consecutive 

closure periods for each maturity range. The measures 

of variance also shown allows us to use one-way and 

two-way analysis of variance on the array of ratios 

to determine if significant patterns are present. 

Regression methods may be used across closure periods 

within maturity ranges on either ratios or dollar 

amounts but only on ratios across maturity ranges within 

closure periods. 

Interpretation of the horizontal and vertical 

patterns requires some premise of whether the closure 

period influences costs independently of occurrence 

periods and maturity. In the simple trending methods, 

this distinction is overlooked because the time spans 

for which trend factors make adjustment have the same 

width whether measured between occurrence dates or 

between closure dates. If closure periods have an 

influence, then significant differences observed between 

maturity ranges within closure periods could mean 

trend factors should differ between maturities. Other- 

wise, such differences describe changes in trend ratios 
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across occurrence periods. A simple exponential trend 

is appropriate only of no significant differences are 

observed in the array of ratios. Otherwise, you must 

interpret the differences before you can select the 

series of trend factors to apply in an algebraic 

model such as previously described. 

A reasonable way to determine whether costs are 

influenced by the closure period independently of the 

other factors is by reviewing correlations between 

claim costs and external indices for occurrence and 

closure periods. Again, the NAIC (5) has thoughtfully 

illustrated how this can be accomplished. Average paid 

claim costs are arrayed by closure and occurrence 

periods for various severity of injury ranges. Correla- 

tions can be tested for medical indexes, price indexes, 

and other economic indicators. One tenable theory is 

that temporary injuries or losses are compensated at 

actual costs in the period of occurrence while 

permanent disabilities are compensated with regard to 

prices and price changes at the time of disposition. 

For a line of insurance like medical malpractice, 

precision may be gained by using trending methods to 

describe the residual claim cost changes remaining 

after adjustment using economic indexes and also by 

- 231 - 



separately reviewing trends by type or severity of 

loss. 

Claim Size Distributions 

From the wealth of published material about size 

distributions come two principal mathematical prob- 

ability functions: the logrithmic normal distribution 

and the gamma distribution. The rationale behind using 

the log-normal is the central limit theorem from the 

depths of probability theory. This theorem says the 

sum of items taken from similarly distributed 

populations tends to be normal. The size of a claim 

is the product of a great many factors in this multi- 

variate world, so the logarithm of claim size is the 

sum of many terms. Even if we do not know all the 

factors, we can still consider whether observed claim 

size patterns are log-normal. The ganmna distribution 

is a more general one. 

Density ~n~ -~)~ C ~f X~'l 
Function: e 

Mean : ~ ~. ~.b/~ ~/C 

Variance: A,~ *o'~0.L ~ ~/C~" 

Mode: e ~ - ~ - ~  (~-I),,.~ 

Skewness: C,°'~ ~) ~ ~ / ~  

e 
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The symbols~ and ~ in the log-normal formulas 

represent the mean and standard deviation of the 

logarithms. The gamma formulas are determined by two 

constants, ~ and C . For a gamma function to be of 

interest to us, usually ~ must be greater than ].000, 

which means that the mean must exceed the standard 

deviation. Unfortunately, this condition has ruled 

out gamma distributions for most types of insurance 

which have been critical problems recently because of 

the uncertainty of claim amounts as well as frequency. 

A simple way to determine whether observed data 

might reasonably be described as log-normal is to see 

how well the mean and variance of the logarithms of 

observed claims fit the formulas above. The 

hypothetical mean and variance of the logarithms can 

be found by an iterative process since the sum of the 

log-mean and half the log-variance equals the 

logarithm of the object mean. The skewness and kurtosis 

of the logarithms should each be near zero. Skewness 

is a measure of asymetry. Kurtosis is ameasure of 

non-normality. 

Some computational formulas for skewness and 

kurtosis are: 

Skewness= ~(x 3)-3 ~(x 2) (.~x)/n + 2 (~ x)3/n2 

L- l - - - j  
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Kurtosis=~(x4)-4~(x 3) (~x)/n + 6~(X 2) (alE.X) 2/n2-3 n~--~[ "~( i~[2~ ~ (~x) 4/n3_ 3 

If your data has fewer than 1000 paid claims, these 

computations may be more easily done on a programmable 

calculator than by convincing busy data processing people 

to give you sums, sums of squares, sums of cubes, and 

sums of fourth powers of both paid claim amounts and 

their logarithms with double precision. 

Very likely, no theoretical distribution will fit 

observed insurance claim size data for several reasons 

such as these: i) A popular premise is that small 

claims are overpaid and large claims underpaid. 2) Some 

groundless claims are paid for amounts less than probable 

defense costs(nuisance claims). 3) Many claims cluster 

about certain "target values" due to the need to 

approximate uncertain costs. 4) Economic factors operating 

over the occurrence, reporting, or closure period will 

"blur" the distributions. The latter effect may hinder 

analysis of accident-year claims as well as closure-year 

claims. Each is likely to be the sum of a continuum of 

log-normal distributions which will not be log-normal. 

(Products of log-normal distributions may be log-normal, 

but not sums.) 

These departures from theoretical patterns can be 
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simulated on programmable calculators. The log-normal 

distribution, for instance, can easily be generated 

from standard random normal number generating routines. 

Such efforts can be tedious but necessary if the density 

function cannot be modified or successfully integrated 

to find theoretical means, variances, and skewnesses to 

be compared with descriptive statistics from actual data. 

The Gini Index 

The Gini Index of Concentration is another interesting 

statistic for comparing distributions. Named for its 

Italian inventor, the Gini index is a tool used in 

economics and demographics to measure inequality of 

distribution. 

The associated Lorenz curve, L(x), in our application, 

represents the fraction of total claim costs which relates 

to claims closed for Sx or less. The Gini index, G, is 

the ratio of the area between L(x) and an equal distribu- 

tion curve (a 45-degree l'ine when L is plotted against 

percentiles) to the total area beneath such curve. If the 

range of claim sizes is divided into k intervals by a 

sequence 0, d(1), d(2) .... , d(k) and p(t) is the percentage 

of paid claims at d(t) or less, then a standard method 

for calculating the Gini index is: 

G= 1 -~ (p(t+l) - p(t)) d(t+i)) + L(d( . 

t=o 
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Since the indexes are linearly related, very 

likely a great many dramatically different distribu- 

tions could have the same Gini index (9). Nonetheless, 

the Gini index can be appropriately applied to a set 

of distributions understood to be substantially similar. 

Changes in the coefficient of variance, skewness, kurtosis, 

modality, or any feature in the shape of a distribution 

will affect the Gini index. 

The Gini index comes from a class of statistics 

with asymptotically normal distributions, known as 

"U-statistics". Tests for significance of differences 

exist beyond the scope and allowed length of this paper 

(8). Multiplying a distribution by a constant does not 

change the Gini index, but the index is sensitive to the 

number and selection of data points used in its construc- 

tion (ii). Our application concerns substantially 

similar distributions with the same means, so the use of 

a static set of data points should not distort comparisons 

of Gini indexes. 

The following exhibit illustrates a comparison of 

claim distributions according to descriptive statistics 

and Gini indexes. The pattern shown first is for 421 

paid claims closed in the second half of 1977 arising 

from occurrences in the first half of 1974 as reported 
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COMPARISON OF CLAIM DISTRIBUTIONS 

NAIC Malpractice Claims 
from first half of 1974 
closed during the 
second half of 1977 

Random generation 
from a log-normal 
distribution 

Random generation 
from log-normal with 
small claims overpaid and 
l_a[~9_claims underpaid 

Size of Number Amount Number Amount Number Amount 
Claim of claims of claims of claims of claims of claims of claims 

80 $ 74,080 
101 308,656 
64 427,712 
55 716,925 
59 1,671,057 
32 2,029,632 
19 2,634,312 
7 1,690,535 
3 1,713,312 

421 $12,666,221 

$ 1 to $1,999 
2,000 to 4,999 
5,000 to 9,999 

10,000 to 19,999 
20,000 to 49,999 
50,000 to 99,999 

100,000 to 199,999 
200,000 to 499,999 
500,000 to 999,999 
1,000,~00 and over 

1,571 
1,804 
1,785 
1,698 
1,738 

818 
378 
169 
26 
13 

10,000 

$ 1,654,718 226 
6,071,217 191 

12,976,943 170 
24,339,768 157 
55,477,202 141 
57,184,521 63 
52,642,581 29 
49,257,642 12 
17,331,377 i0 
22,441,297 1 

$299,377,266 1000 

Mean 
Standard Deviation 
Log-Mean 
Log-Standard Deviation 
Gini Index 

$ 211,673 
626,524 

1,230,519 
2,212,814 
4,461,099 
4,481,277 
4,199,820 
3,063,956 
7,315,137 
1,251,388 

$29,054,207 

$30,086 
92,263 

8.89 
1.64 
.763 

$29 938 
87 727 

9.15 
1.54 
.704 

$29,054 
91,541 

8.84 
1.67 
.765 



by the NAIC (5). A log-normal distribution with the 

same mean and standard deviation should have a log-mean 

of 9.14 and a log-standard deviation of 1.53. a random 

generation of 10,000 log-normal numbers with approximately 

the same sample mean and standard deviation is shown for 

comparison. Several smaller simulations strongly suggest 

the differences in these statistics and in the Gini 

indexes is more than random. 

The higher Gini index for the NAIC data suggests a 

greater peakedness which might plausibly be explained 

by the hypothesis that small claims are overpaid and 

large ones are underpaid. A random generation of 1000 

claims from a population with log-mean 8.83 and log- 

standard deviation 1.70 produced the third pattern 

shown in the exhibit after claim amounts less than 

$i000 were amplified by a factor which increased from 

1.00 to 2.00 as the amount decreased from $i000 to $0 

and the excess portion of claims over $500,000 was 

multiplied by .75. The differences between this third 

pattern and that of the NAIC data are well within the 

bounds of random variation. 

DIFFERENCES BETWEEN RISKS 

The greatest value of closed claim data is as 

factual information on the costs of insuring certain 
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risks. If our fears about temporal alignments can be 

overcome, we should be anxious to use closed claim data 

for determining the attributes or classification schemes 

which distinguish individual risks. Recent accident-year 

data refined by class or attribute may not disclose 

differences, or may display false differences, since 

development factors are typically based on aggregated 

data. 

One way to examine the claims costs effect of a 

certain attribute, such as smoking for drivers or 

board certification for physicians, would be to construct 

separate algebraic models for each data group. But that 

would be subject to the weaknesses of all the trending 

methods and would be a laborious task, especially if 

the attribute has several values. 

Multivariate statistical methods can be straight 

forward and enable the researcher to either control or 

manipulate several variables at once. Hence, if temporal 

alignment is feared to be influencing comparative 

observations from closed claim data, then a sensible 

remedy should be to include time values in a multivariate 

analysis. Such methods are able to recognize the inter- 

actions of factors, so the earlier criticism of simple 
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trending methods which assume time affects costs 

independently of other factors becomes less worrysome. 

Multivariate statistical methods have an advantage 

of precision. The significance of differences observed 

for any any variable is measured by comparing those 

differences to measures of "error", "unexplained", or 

"random" variance. When other factors are present which 

"explain" additional portions of the variance, then the 

error variance is reduced. Seen this way, multivariate 

methods are indispensible for reviewing closed claim data. 

In the remaining pages attention is given to analysis 

of variance and multiple regression. Thorough and 

understandable discussions of these methods can be found 

in the references (12 and 14). Brief mention will be 

made of more advanced methods and their application. 

Anal~sis of Variance 

The NAIC studies (4 and 5) have a great many 

illustrations of analysis of variance. The basic 

concept is very elementary. Variation between group 

or cell means is compared against residual or random 

variation "within" groups. For several factors and 

several groups, it is analogous to tests using the 

standard t-statistic for two group means. 

The F-test for significance assumes the populations 

are normally distributed. The computation process assumes 
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homogeneity of the variances within groups and that the 

dependent variable has continuous measure with equal 

intervals. The latter assumption is not of concern in 

our applications. Non-homogeneity of variance increases 

the residual variance and makes the F-test more con- 

servative. Simulation models with pure premium distri- 

butions - products of non-normal frequency and amount 

distributions - on a programmable calculator have found 

non-normality to also reduce F-ratios. Nevertheless, 

the NAIC analysis {4 and 5) have found several large 

F-ratios. The conclusion is that analysis of variance 

with standard F-tests is very robust. Nonparametric 

analysis of variance methods based on rankings may be 

used to verify results, but are less powerful for 

detecting false hypotheses. 

The following tables and calculations illustrate 

the concept of analysis of variance with two independent 

variables. The illustrated analysis seeks to determine 

whether the average cost of physicians' malpractice 

claims differs by type of practice and uses the year of 

claim disposition as a "control" variable. Occurrence 

year may be a more natural control or possibly both 

occurrence year and time required for disposition could• 
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PHYSICIANS AND SURGEONS 
MALPRACTICE CLAIMS BY TYPE OF PRACTICE AND YEAR OF CLAIM DISPOSITION 

Type of 
Practice 

Institutional 

Prof. Corp. or Ptnship 

Self-Employed 

Employed 

Resident 

Total 

1975 

Claims 88 
Indemnity 1,420,734 

Claims 873 
Indemnity 18,646,181 

Clazms 1,775 
Indemnity 37,207,032 

Claims 150 
Indemnity 2,705,521 

Claims 3 
Indemnity 194,333 

Clalms 2,889 
Indemnity 60,173,801 

Closure Year 
1976 1977 1978 Total 

108 86 89 371 
1,3].3,063 1,607,970 2,695,430 7,037,197 

1,370 1,333 1,585 5,161 
27,808,980 33,798,124 54,212,985 134,466,270 

2,674 2,457 2,730 9,636 
60,277,675 57,968,550 89,203,413 244,656,670 

201 293 219 863 
3,188,934 7,433,108 5,423,285 18,750,848 

i0 8 13 34 
128,705 116,875 100,411 540,324 

4,363 4,177 4,636 16,065 
92,717,357 100,924,627 151,635,524 405,451,309 

Total sum of squares of raw amounts: 68,739,329,480,645 

Source: NAIC Mal~ractice Claims, vol. 2, Number 2 (1980). 



Computations for Analysis of Variance 

Correction from raw amounts to (405L451,309)2 10,232,851 796,051 
deviations from the mean .... 16,065 = 

Total Sum of Squares = 68,739,329,480,645 
-lOt~32.cS..5!LZ96~051 
58,506,477,684,594 

Between All Groups Sum of Squares = ~  ~ (indemnitz~ ~ -C 
types years claims 

= 10,684,688,432,954 
-i0,232r851~796,051 

451,836,636,903 

Between Types of Practice 
Sum of Squares 

Between closure years 
Sum of Squares 

Interaction Sum of Squares 

Residual Sum of Squares 

= ~ (~ indemnit~ -C 
types ~ claims 

= 10,264,702,339,317 
-10,232~851,796,051 

31,850,543,266 

= > (Zindemnit~2 -C 
years ~ claims 

= 10,621,930,858,946 
-lo, 212,851 7~96, o~ 

389,079,062,895 

= 451,836,636,903 
- 31,850,543,366 
- 3 8 9 , . . ~ _ 9 ~ 0 6 ~ 8 _ _ 9 5  

30,907,030,742 

= 58,506,477,684,594 
451,836j636,903 

58,054,641,047,691 
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FINAL ANALYSIS OF VARIANCE TABLE 

Degrees of Mean 
Freedom S~uares 

Between types 
of practice 4 

Between Years 3 
Interaction 12 
Residual 16,045 
TOTAL 16,064 

F-ratio 

7,962,635,817 
129,693,020,965 

2,575,585,895 
3,613,959,229 

2.203 
35.887 

.713 

level of 
s i_@ni ficance 

.066 

.000 

.740 
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be used in a three-way analysis of variance. Closure 

year was selected for ease of illustration. 

In the final Analysis of Variance Table, the sums 

of squared deviations from the means ("sum of squares") 

are divided by the statistical degrees of freedom to 

achieve "mean squares", which are the estimates of 

variance used in this process. Each of these is compared 

with the residual mean squares to determine the level of 

significance. Note that if closure years had not been 

included in the analysis, the residual mean squares would 

have been greater, the F-ratio for types of practice would 

have been lower, and the level of significance would have 

been greater. (The level of significance is the 

probability observed differences could occur randomly.) 

Multi____~_~___le Regression 

Multiple regression estimates the magnitude of 

relations between factors and has more general capability 

then analysis of variance. Control variables can be 

included more naturally. If the number of observations 

in the groups or cells are unequal, multiple regression 

is preferred. There is an R 2 statistic to describe the 

portion of total variance "explained" by the set of 

independent variables and an F-ratio for significance. 
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However, the calculations are much more extensive• 

Desk calculators are impractical beyond four or five 

independent variables• 

The desired expression is of the form 

Y=A +B(1) X (i) + B(2) X (2) + ... + B(N) X (N) 

where Y is the dependent variable, the set of X's is 

the set of independent variables, and the coefficients 

A and B(1) to B(N) are found to minimize the squared 

deviations from the predicted values. The process 

requires solution of a set of equations: 

r(l,l) b(1) + ... + r(l,N)b(N) = r(y,l) 

riN,l)b(1) + ... + r(~,N)b(~) = r(y,N) 

where r(i,j) is the correlation between X(i) and X(j), 

r(y,i) is the correlation between Y and X(i), and b(i) 

is the standardized regression coefficient• 

The importance of a single factor X(k) is usually 

evaluated by the significance of the contribution it 

makes to R 2. Multiple regression strategies are a 

modern art form, admirably discussed by Cohen and Cohen 

(12). For our applications, the preferred strategy 

apparently is to first include the necessary control 

variables such as time of occurrence, determine an R2 
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for this limited set of independent variables, then add 

the particular variable of interest such as age, gender, 

or marital status, and redetermine R 2. 

Because of random fluctuations, any variable added 

to the set of independent variables will always increase 

R 2. Most researchers prefer to use a corrected or 

"shrunken" R 2 which is a better estimate of the 

population R 2. With k independent variables and sample 

size n, the corrected value is: 

n-l. R2c = 1 - (i-R 2) 

In the simple case of two independent variables, 

we can define the simipartial correlation, sr, of Y 

and X(2) to be the correlation between Y and X(2) not 

related to X(1). Then, 

R 2= (r 2 (y, i) +r 2 (y, 2)-2r (y, i) r (y, 2) r (I, 2) ) 

F/~2(1,2) 2 
st2= (r (y, 2)-r (y, i) r (i, 2) ) /(l-r2 (i,2)) 

F(x(2))=sr 2(n-3)/(l-R 2). 

Independent variables must be discrete or nominal 

for analysis of variance, but may be continuous for 

multiple regression. Continuous variables usually 

provide the greatest information value. 

Discriminant Anal~s 

A set of independent variables may be used to 

estimate group membership as the dependent variable. 
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Most applications discriminate between two groups, but 

discriminant analysis can be adapted to three or more 

groups. Some natural applications for insurance are 

classification of risks and answering claim management 

questions: Which claims will be paid? Which claims 

will include law suits? What will be the outcome of 

arbitration? Which claims will reopen? 

Discriminant analysis is becoming recognized as 

a highly sophisticated risk management tool. As soon 

as any untoward incident occurs, the particulars may 

be fed into a discriminant function at a computer 

terminal and the likelihood of a compensable event is 

rapidly determined. The risk manager can promptly 

act to contain the costs. This technology is being 

introduced at hospitals in various parts of the 

country. The basic data is from closed claims. The 

exclusion of incidents which have not produced claims 

may not seriously reduce the predictive accuracy in 

many instances. Even if extensive incident data is 

available, insurance claim costs are clearly necessary 

in corresponding detail. 

The selection of predictive variables is another 

modern art form. Separate discriminant functions 

should be constructed for nominal variables such as 
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gender, marital status, and medical specialty. 

Astonishingly, negative or highly positive correla- 

tions between independent variables increases dis- 

criminatory power (13). 

After discrimant analysis has been used to predict 

which claims will result in payment, a natural step is 

to use multiple regression to estimate the amount of 

payment for each - a loss reserving method. 

A genuine time problem may result if such techniques 

are based on internal data sources only. For instance, 

if a hospital constructed and periodically revised 

its discriminant function for compensable events based 

on its own data, then its own success at decreasing 

costs would also decrease the predictive accuracy of 

the predictive variables. Costs would then increase 

again until predictive power is reestablished. The 

insurance industry has cycles like that. 

Factor Analzsis 

Factor analysis is an extremely complex computational 

methodology for discovering natural dimensions behind 

a Dumber of simple quantitative measures. Psychological 

tests, for example, measure qualities by asking a great 

many questions. Most often researchers are not aware of 

the fundamental dimensions and must seek to learn these 

from many simple measures. 
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This analytic technique may eventually be used 

to find comparatively few important complex dimensions 

represented by the several hundred variables in closed 

claim data collection instruments of recent studies. 

DESIGNING CLOSED CLAIM DATA 

Underwriting, pricing, loss reserving, claim 

management, and loss prevention are only separated by 

brief steps and perspectives. The fact that claim 

files typically contain only sufficient information to 

establish coverage, establish defenses, and compute 

payments should not validly prevent us from seeking 

information important for other functions. 

The data should be designed to answer important 

questions or test important theories. If the task is 

so well defined, then questions can be easily imagined 

relevant to the hypothesis and sample sizes determined 

from formulas in the statistics books. 

Unfortunately, the examples of closed claim 

studies in the public domain have arisen from crises 

in various kinds of liability insurance where there 

have been low frequencies, phenomenal variances, myriads 

of socio-underwriting theories pointing in all directions 

and often conflicting, no deadlines for new theories, 

unresponsive rating systems, and simplistic ratemaking 

methods. 
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Because of these situations, few assumptions 

could be made about expected patterns or variances 

from them and no specific lists of hypothesis could be 

prescribed in advance. The first puzpese of the closed 

claim studies has been to provide an understanding of 

the statistical dimensions and to evaluate the importance 

of hypotheses as they become expressed. Classical research 

designs and statistical analysis have had to come second. 

The closed claim data collection instruments have 

had to be comprehensive. With no reliable knowledge of 

what factors may be importantly related to claim 

occurrences or costs, or of the nature of those relations, 

or of the variances from such, no sampling techniques 

could be intelligently chosen and no data item could be 

dismissed. Hence, the forms have been designed to 

describe as completely as possible the insured, the 

claimant, the relations of the insured and the claimant, 

the incident, the relations of the insured and the 

claimant to the incident, other persons and factors 

related to the incident, the loss endured by the claimant, 

the paths taken to final disposition, and the resulting 

indemnities and expenses. Then hopes have been expressed 

that the forms were not so formal as to preclude other 

significant factors from being discovered. 
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Actuaries bent on substituting fact for impression 

should understand this background and learn from it how 

closed claim data can be an imaginative source for 

designing responsive rating systems, observing trends, 

and answering important questions before crisis 

situations occur. 
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USES OF CLOSED CLAIM DATA FOR PRICING 
BY R. MICHAEL LAMB 

Reviewed by RICHARD S. BIONDI 

I looked forward to reviewing this paper because, first, 1 was intrigued by the 

title (I couldn't understand how closed claim survey data could possibly be 

used for insurance pricing) and also because I thought I might learn something 

about closed claim surveys. It also seemed interesting to review a paper 

written by someone from the regulatory ranks since, as a rating organization 

employee, I would probably find many areas of healthy disagreement. Anyhow, 

here goes: 

It seems that the first and most fundament s[ question about this paper is "how 

can closed claim data he used for insurance pricing without exposures?" The 

answer, of course, is that it can't, a~ least not by itself. Nobody has yet 

figured out a way to calculate rates without exposures (or at [east premiums) 

and, even more important and difficult, the earned exposures must correspond to 

the some population and to the same time period as the losses. Perhaps it 

should be mentioned that from s data processing point of view, processing of 

exposures data is much more difficult and expensive than processing of losses, 

both closed and open, because there are so many more exposure transactions. 

Mr. Lamb r e c o g n i z e s  t h a t  e x p o s u r e s  a r e  i m p o r t a n t  on page 223 when he says  . . .  

" u n l e s s  the  i n s u r e d  p o p u l a t i o n  i s  s t a b l e  and your  d a t a  sou rce  i s  u n i v e r s a l  you 

must have exposu re  i n d i c e s  f o r  each  o c u r r e n c e  p e r i o d " .  A c t u a l l y ,  l o o k i n g  a t  

t h i n g s  from t h e  v i e w p o i n t  o f  my e m p l o y e r ,  ISO, the  p o p u l a t i o n  i s  n e v e r  com- 

p l e t e l y  " s t a b l e "  s i n c e  we r a r e l y  have the t h e  e n t i r e  p o p u l a t i o n  and s i n c e  

some companies  a f f i l i a t e  and d i s a f f i l i a t e  w i t h  ISO each y e a r ,  i t  i s  n e c e s s a r y  

to  t a k e  g r e a t  p a i n s  to make s u r e  t h a t  c o m p a r a b l e  l o s s e s  and e x p o s u r e s  a r e  

present at all times. This is difficult because, for example, health care 

facilities may self insure one year and insure with an ISO carrier the next. 
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Runoff on losses must be reported long after reporting of premiums has stopped. 

All insurers, even doctor o~¢ned JUA's, ~ust be made to understand their report- 

ing obligations. For reasons such as these, even the NAIC should not blithely 

assume they have statistics for the entire population. 

Anyhow, closed claim surveys don't capture exposures. What good are they then for 

ratemaking? Mr. Lamb mention several uses which I wish to discuss below: 

TREND 

Data can be used to measure severity trends. For ratemaking, two types of 

trend factors required are severity and frequency. Frequency trends can't 

be measured with closed claim survey data because no exposures are available. 

Severity trend, however can be measured. Some problems still exist 

however. 

F i r s t ,  a long t i m e  p e r i o d  i s  r e q u i r e d .  Three  o r  four  y e a r s  i s  p r o b a b l y  

not enough t ime to r e a l l y  measu re  s e v e r i t y  t r e n d  for  m a l p r a c t i c e .  The 

reason is that the malpractice severity for one claim can be represented 

mathematically as a random variable having an extremely large variance 

and, even if thousands of claims are collected, the variance of the mean 

is still rather substantial. Hence, at any given time, the average severity 

will fluctuate randomly about the expected value which would result from 

an infinite sample. Illustration: In Mr. Lamb's data, the standard devia- 

tion of the claim size distribution approximately equals $60,0001 . Hence, 
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if 5,000 claims are included per year in the trend data, the average 

claim cost can be represented as a random variable having a standard 

deviation of $60,000/~5,000 = $848.) Several years of data (7 or 8) 

are required to average out random fluctuations. 

Second, closed claim trends can be distorted by changes in settlement 

patterns. Assume~for example, that ama ii claims tend to be settled 

quickly, and large claims are settled more slowly and that insurers change 

their practices so that they fight more large claims rather than settle 

quickly. If this happens then initially the average closed claim severity 

will drop, only to rise back up again several years later. If they decide 

to fight more small claims, the same situation will occur in reverse. 

Another d£stortlon arises if, for example, the number of incurred claims 

suddenly rises appreciably (because of either increasing claim frequency 

or just an expanding data base). In this instance, since small claims are 

closed first, the closed claim data suddenly shows a temporary large 

influx of small claims along with a big drop in average severity. 

Finally, the use of total limits dsta distorts trends since if insureds 

purchase higher policy limits over times average claim costs will rise, 

all other factors held constant. To properly take this into account for 

ratemaking, it is necessary to know the policy limit corresponding tO each 

claim. 
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O~ page 221, Mr. Lamb says, "using paid (i.e. closed) costs instead of 

incurred cost is more objective, but disregards all information about open 

reported claims. There is a tradeoff of advantages to he considered". 

I'm sure there is a tradeoff of advantages (there always is) and I also 

believe that use of incurred costs to determine rat emaking trends is 

better for slow developing lines because information on open claims is 

used. l'm not sure that use of paid costs is more "objective", especially 

in situations where reserving methods remain unchanged, but where payout 

patterns change. It would be nice to compare incurred trend data to 

closed claim trend data to check whether any of the various possible 

distortions are really significant. This has been done in my Attachment 1 

where it is found that the two sets of data compare well in epite of the 

possible distortions mentioned above as well as the facts that the two 

sets of data were collected by two different organizations for different 

populations of claims. 

2) LOSS DEVELOPMENT 

Closed claim data can theoretically be used to measure paid loss develop- 

ment on either a policy year or accident year basis. Although, this is 

possible theoretically, in practice it would be necessary to accumulate 

closed claim data for ore r 10 years to really obtain loss development 

factors since malpract ice claims tend to develop over long intervals. 

Furthermore, incurred loss development has generally been more valuable 

than paid loss development for medical malpractice insurance pricing since 

incurred loses develop much more rapidly. 
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lOn page 2 2 ~ ,  r e s i d u a l  mean  s q u a r e s  = 3.614 x 109 = v a r i a n c e  o f  c l a i m  
s i z e  d i s t r i b u t i o n  fo r  an i n d i v i d u a l  c l a s s  end y e a r .  S t anda rd  d e v i a t i o n  
" V3.614 x I0 ~ $60,I17 

3) CLASSIFICATION DEFINITIONS 

This may be the greatest application of closed claim survey data for 

pricing since, in a closed claim survey, much detail is requested that, 

for cost reasons, is not requested in statistical plans. This additional 

detail can be used profitably to define rate classifictions which have 

statistically significant differences in experience. The only problem is 

that the only data available is severity data, not frequency data. This 

is too bad since the ISO statistics tend to show that the greatest pure 

premium differences between the various medical malpractice rate clas- 

sifications tend to be caused by frequency differences, rather than 

severity differences. Still, the author carries through an interesting 

example in which he tests whether the observed differences in average 

severity between four risk classifications could reasonably be due to 

random variation. 

In the example, begining on page 24~ the author reviews data consisting of 

losses and claims separately grouped by class within closure year. Five 

classes were included differentiating types of practice, i.,e. "Institu- 

tional", "Professional Corporation or Partnership", "Self-Employed", 

"Employed" and "Resident". Four years of data are shown. From the data, 

calculations were made of the overall variance of the claim distribution, 

and the variances of the class and years groupings (i.e. the variance 

"explained" by the classifications versus the "unexplained" variance). 
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An F-test was then performed to determine whether the variation in the 

data from class to class could reasonably be explained as random or 

whether the odds were overwhelming that real di fferences existed between 

the classes. The year to year variation (undoubtedly caused by inflation) 

could not possibly be attributed to random fluctuation. The class-to- 

class variation could be random, even though the size of the data base was 

large, i.e. $405,000,000. 

One statement that the author makes on page 245 seemed misleading i.e. 

"Note that if closure years had not been included in the analysis, the 

residual mean squares would have been greater, the F-ratio for types of 

practice would have been lower and the level of significance (of the 

data variation on the classes) would have been greater". Although this 

statement is true the effect is negligibly small and in fact, no matter how 

the teat is performed the classes can't be conclusively shown to be 

statistically different based upon the data provided. 

CLAIM SIZE DISTRIBUTIONS 

Closed claim survey data can be used to obtain claim size distributions 

useful for the determination of increased limits factors. As usual, 

there are advantages and disadvantages to using closed claim data over 

occurrence data for this purpose. If, for example, companies bulk reserve 

at all for malpractice claims, the occurrence claim size distribution 

~uld tend to be artificially distorted at the lower claim size intervals. 

On the other hand, since large closed claims tend to be very old, much 

trending is necessary to adjust closed claim distributions to a present 

cost level. Since any trend procedure carries with it many judgementa[ 

assumptions, the claim size distribution, based upon closed claims only, 

becomes largely a function of whatever trend assumptions were used. 
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The author discusses in depth the use of the long-normal curve as a 

best-fit approximation to actual claim size distributions. He finally 

concludes that the log-normal curve does not provide a particularly good 

fit by using a number of formulas for skewness and kurtosis (whatever 

that is) and also by calculating a "Gini Index of Concentration". One 

thing that surprised me about all this was that I think he could have 

proved the same thing (perhaps better) by doing s chi-square test on 

the data. 

The chi-square test is much more widely known and is, in fact, included 

in the material which must be mastered to pass the Part 2 CAS exam. I 

have attached to this review (Attachment 2) a chi-square test of the 

closed claim data which seems to show that a log-normal curve does not fit 

malpractice claim data well. If the methods discussed by the author were 

actually superior, I would have liked to see a little more explanation of 

this. 

The author also briefly discusses some of the mathematics underlying 

multiple regression techniques. This is a subject that we have some 

experience with at ISO since we use the multiple regression approach to 

develop insurance trend models, making use of forecasts of data indices 

external to insurance. The work that ISO is doing is difficult, not so 

much because of the mathematics involved, but because judgement and 

experience is required to properly select the external indices (if they 

exist at all) and to judiciously interpret the results. The author 

doesn't really discuss any specific applications of multiple regression 

techniques which relate to insurance pricing. 
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Two other mathematical techniques that the author brie fly mentions are 

Discriminant Analysis and Factor Analysis. I didn't know anything about 

either of these before I read the paper and don't know much now, other 

than that both techniques are "highly sophisticated" and "extremely 

complex." Apparently these methods can he used to, for example, evaluate 

the likelihood of a claim being paid given many details about the claim 

and about other claims paid previously. One statement I found puzzling 

was that "the exclusion of inc idents which have not produced claims may 

not seriously reduce the predictive accuracy in many instances," 

Overalls f found the paper interesting and informative, to s o m e  extent 

because the author often expresses a point of view different from that 

~daich I normally hear at a rating organization. I certainly share the 

author's conclusion that we should strive to find better ways to evaluate 

the confusing array of data (all data including closed claim data) that we 

are paid to work with. 
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Attachment 1 

COMPARISON OF AVERAGE 
CLOSED CLAIM SEVERITY DATA WITH 

POLICY YEAR AVERAGE [NCURRED SEVERITY DATA 

PHYSICIANS, SURGEONS AND DENTISTS 

{i) (2) (3) (4) 
Policy Year Average Incurred Closure Average Paid 

Ended Severity (O0O's) Year Severity (O00's) 

[2/3[/70 $ 1 6 . 8  
1 2 / 3 [ / 7 l  2 0 . 8  
1 2 / 3 1 / 7 2  1 9 . 7  1975 $ 2 0 . 8  
12/31/73 22.9 1976  2 1 . 3  
12/31/74 2 4 . 2  1977  2 4 . 2  
1 2 / 3 1 / 7 5  3 4 . 0  1 9 7 8  3 2 . 7  

Explanation: 

Data in column (2) is ISO toLa[ limits increased severity data for a11 physicians, 

surgeons and dentists classifications reported to ISO. Losses include all 

allocated loss adjustment expenses, are evaluated as of March 3, 1978 and are 

developed to 135 months of maturity. 

Data in column (4) is taken from page 242 of Mr. Lamb's paper. Losses are 

divided by claims for each of the four years shown for all of the classes 

combined. 
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DETERMINATION OF WHETHER LOG-NORMAL CURVE 
PROVIDES REASONABLE FIT TO CLAIM SIZE DISTRIBUTION DATA 

USING CHI - SQUARE TEST 

Attachment 2 

( I )  (2) (3) (4) (5) 
Expected ( ( 3 ) - ( 4 ) )  z 

Size of Claim Ln of Size Number of Claims Number of Claims 

$ 1 to $ 1,999 0 to 7.60 80 90.6 1.240 
2,000 to 4,999 7.60 to 8.52 101 81.9 4.454 
5,000 to 9,999 8.52 to 9.21 64 70.0 .514 

I0,000 to 19,999 9.21 to 9.90 55 64.6 1.427 
20,000 to 49,999 9.90 to 10.82 59 62.7 .218 
50,000 to 99,999 10.82 to 11.51 32 27.1 .886 

100,000 to 199,999 11.51 to 12.21 19 14.1 1.703 
200,000 and over 12.21 and over I0 9.0 .Ill 

10.553 
Explanation: 

Columns (1 )  and (3 )  a r e  t a k e n  from the  c l o s e d  c l a i m  su rvey  d a t a  on page 237 o f  t h e  p a p e r .  

The numbers in column ( 4 )  a r e  d e t e r m i n e d  by assuming t h a t  t he  number o f  c l a i m s  pe r  u n i t  

l o g - l n t e r v a l  i s  n o r m a l l y  d i s t r i b u t e d  w i t h  mean 8 . 8 9  and s t a n d a r d  d e v i a t i o n  1 . 6 4  ( t a k e n  

from paper). The Chi-square test simply assumes that: 

(a) Within a given interval the actual number of claims in a sample can be re- 

presented by a random variable with a Poisson distribution where the expected 

number of claims equals the variance. (This should be a good assumption for 

malpractice claims where multiple related claims are uncommon). When the 

expected number of claims exceeds I0, the distribution essentially becomes 

Normal. 

(b) The numbers listed in column (5) are each Chi-square distributed, each with 

order i. The sum of the numbers should be Chi-aquare distributed with order 

8-3 = 5. 3 degrees of freedom should be subtracted because the mean and 

standard deviation are taken from the data sample and the number of claims 

in the 8th interval is automatically determined by subtracting the first 7 

from the t o t a l .  

Coat I usion : 

The total of column (5) equals I0.5~3. For a Chi-square distribution with 5 degrees 

of freedom, the statistic should he less than 9.236 g0% of the time. Hence it is 
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1.  I n t r o d u c t i o n  

In t h i s  p a p e r ,  we p ropose  t o  d i s c u s s  the  c l a i m s - m a d e  approach  

to  p r i c i n g  M e d i c a l / P r o f e s s i o n a l  L i a b i l i t y  i n s u r a n c e .  We w i l l  b e g i n  

w i t h  a b r i e f  summary o f  the  h i s t o r i c  c o n t e x t  which  l e a d  the  l a r g e s t  

m e d i c a l  m a l p r a c t i c e  w r i t e r  i n  t h e  c o u n t r y  ( S t .  P a u l  F i r e  and M a r i n e )  

to switch its book of business to claims-made. Then we will describe 

in depth the claims-made concept itself: how it works, how it dif- 

fers from traditional occurrence coverage, what its inherent advan~ 

rages are, and what special problems it presents and how these might 

be resolved. In particular, we will compare the accuracy of claims- 

made and occurrence ratemaking under varying assumptions about a 

changing claim environment. We will outline special features of 

The St. Paul filings which distinguish them from previous claims- 

made filings by other carriers. Finally, we will highlight special 

analytic tools which were developed to price claims-made coverages, 

and will show how these same tools can aid the actuary in pricing 

and reserving occurrence coverage as well. Let us look back at the 

~ime before claims-made to see how the decision to offer this cov- 

erage evolved. 
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II. Claims-Made: A Historic Perspective 

The 1950's were an era of steady growth and moderate inflation. 

Insurance companies generally did well. And "malpractice insurance", 

as it was then called, was particularly favorable, although it was 

such a small part of most companies' total hook of business that they 

did not bother to distinguish it from other general (non-automobile) 

liability lines. Rates were very low and stable--or even falling-- 

throughout the period. Suing a doctor was almost unheard of; suing 

and winning was even more unusual. Medical Liability insurance was 

regarded "peace of mind" coverage, if it was thought of at all. 

In the |960's the situation began to change, as inflation 

gradually accelerated throughout the decade. Moreover, "social 

inflation"--a term coined to describe the inflation in value of a 

tort in the minds of plaintiffs, attorneys, judges and juries--con- 

sistently ran at a higher rate than economic inflation, adversely 

affecting claim severity in all liability lines. Compounding the 

increase in severity was an increase in frequency, brought about in 

part by a "psychology of entitlement"--a feeling that an injured 

party should b e  compensated even if negligence had not beer proven. 

This took the form of the erosion of traditional tort defenses, 

especially in the malpractice area. Still, at the end of the decade, 

Medical Liability did not appear to have deteriorated as much as some 

other liability lines. Appearances were deceiving, however, since 

Medical Liability insurers simply failed to recognize the impact of 

claims that had been Incurred But Not Reported. 

In the early 1970's the insurance industry was hit with a triple 

whammy: severe recession resulting in the steepest plunge in the 

stock market since the 1930's, soaring economic inflation, and price 
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controls which held back rate increases while doing nothing about 

social inflation. The combination of inflation and price controls 

lead to inadequate rates on current business. Worse yet, reserves 

on prior years--particularly reserves for Incurred But Not Reported 

claims--had to be increased at the same time. Only much later did 

it become apparent how unprofitable results from the late 1960's 

and early 1970's really were. This placed further pressure on the 

companieSSsurplus, already dwindling due to the stock market col- 

lapse. There were some who charged that insurers were trying to 

make up for stock market losses by raising rates for their policy- 

holders. All lines were affected by these conditions to some de- 

gree but the "long tail" Medical/Professional Liability lines were 

particularly susceptible due to their high ratio of reserves to 

premium. 

Some Medical Liability insurers responded to the "malpractice 

crisis" by seeking astronomical rate increases. However, company 

actuaries had difficulty in estimating IBNR and justifying it to 

regulators. Where rate increases were granted, cries of "unafford- 

ability" could be heard. Where they were not granted, carriers 

pulled out of the market or, in at least one case, went bankrupt. 

Availability at any price became a real concern. 

For The St. Paul the situation was critical, even assuming we 

could obtain any rate increase sought-is highly questionable assump- 

tion. Costs were spiralling at such a rate that what had once been 

a minor line was now large enough to place the entire company in 

jeopardy if we guessed wrong about the IBNR. Something had to be 

done to cut the exposure presented by the tail: either get out of the 

business or find a way to expose ourselves to that risk a year st 

a time and price it a year at a time. Out of that idea grew the de- 

cision to try a claims-made approach. - 268 - 



llf. Claims-~de Coverage Concepts 

The basic idea of claims-made coverage is simple: a 

claims-made policy covers clalms reported ("made") during the 

policy period, regardless of when the underlying accident 

occurred. This contrasts with an occurrence policy which covers 

claims occurring during the policy period. "Claims-made" is 

not a new concept. Insurers have traditionally written some 

professional liability lines and many bonds on a clalms-made 

basis. 

The St. Paul has modlfled the clalms-made policy concept to meet 

the specific needs of professional liability insureds. First, an 

insured who is in his first year of professional practice does not 

need coverage for acts which occurred prior to his beginning 

practice. The same is true of an insured who begins clalms-made 

coverage after letting an "occurrence basis" policy expire. These 

Insureds need coverage restricted to accidents occurring on or 

after the date that they first began insuring on a clalms-made 

policy basts. This need is met by placing a "retroactive date" on 

a clalms-made poli6y and restrictlng policy coverage to accidents 

occurring on or after that date. Second, the insured needs 

coverage for claims reported after ha retires from his occupation 

-- "tall coverage" policies provide the necessary coverage. This 

coverage is also needed in case of death, disability, or simply 

changing insurance carriers. 

At this point, we will define some of the coverage terms 

which will appear throughout the remainder of the paper. A 

convenient way to explain the coverages is to define the 

occurrences covered in terms of accident period covered and 
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reported period covered. This turns out to be convenient in 

prletng because insurance loss data eontalns both accident date 

and reported date. If we can define the occurrences covered in 

terms of these dates, then we can price the policies using 

insurance loss data, even though that data may be collected under 

'occurrence basis" rather than clalms-made policles. 

The matrix of losses by accident year and reported year that 

we use Is indexed differently than the traditional system of using 

reported year for one dimension and aecldent year for the other. 

For convenience we replaced accident year by "accident year lag" 

which is computed: 

Accident Year Lag = Reported Year - Accident Year 

We visualize losses in the Figure I matrix: 

REPORT YEAR (J) 

1 2 3 Ip 5 6 7 

[. 
A 

o ~,l Lo,2 Lo,3 tb,~ I o,5 ~1),6 to,7 
1 L], 1 Li, 2 L], 3 Li, 6 Ii, [ 11, 6 L], 7 

2 L2, I L?,? L2, 3 1.2 ~ 1.3, 5 L?_,6 L2, ? 

=. L~, I L::. 2 L%1% L~, h T,.T g 1,~,( 1,%.2 

It I,!1 , ] |911:" I , ! 1 %  |.11 I I I,jj , 1'~: f. l h ,'.' 

NOTE: 

j.'IGIII.E i 

For convenience, we do not show lags greater than 
four years in the matrix. In practice, we group 
all losses with longer lags in the LAG 4 row. 

With this configuration Li, j is the loss reported in year j 

with accident year lag l, (the aceldent year is j-L). 

Notlce that a complete accident year consists of a Northwest- 

Southeast diagonal ~n the matrix. For example: 
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Ace[dent year | 

(Ace. year l, report year I) + (Ace. year |, report year 2) + ... 

(Report year l, lag O) + (Report year 2, lag l) 

+ (Report year 3, tag 2) + ... 

LO, | + Li, 2 + L2, 3 + L3, 4 + ... 

We are now in a position to describe some of the coverage 

concepts in terms of the matrix above (in the examples which 

follow, all policies are assumed written at the "beginning of year 

J for a one-year term): 

"Mature" clalms-made policy. A policy which covers claims 

reported during the policy period, regardless o[ accident date. 

Such a policy written at the beginning of year ] will cover the 

jib column of matrix L in Figure ]. 

First-year claims-made policy. A policy which covers only 

the "lag 0" row Of the Jth column of L. An insured in his first- 

year of a clalms-made insurance program would purchase this 

coverage. 

Second-year claims-made policy. A policy which covers the 

"lag 0" and "lag I" row of the Jth column of L. An insured in his 

second year of the clalms-made insurance program would purchase 

this coverage. 

Occurrence policy. A policy which covers claims arising from 

accidents occurring during the policy period. Such a policy would 

cover a Northwest-to-Southeast diagonal of matrix L. This is the 

traditional form of coverage in most liability lines. 

Tall polio. A policy written for an insured who leaves the 

clalms-made program. It covers losses whose aecldent date lles in 

the period during which the claims-made coverage was in force, and 

whose reported date Is after the insured'e last claims-made pellcy 

expired. 
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Retroactive date. The earliest accident date for which 

coverage is provided under a clalms-made policy. Normally this 

would be the date on which an insured's first clalms-made policy 

commences. Only claims with accident date subsequent to the 

retroactive date are covered by any subsequent clalms-made or tall 

policy. 

We will illustrate these coverages with the example of a 

• hypothetical insured who begins practice at the start of year 1 

and retires four years later. He buys an occurrence policy to 

cover his first year of practice, then switches to the clalms-made 

program. He purchases flrst-year, second-year, and thlrd-year 

clalms-made policies for years 2, 3, 4 respectively. At the end 

of year 4, he retires and purchases a tall policy. The policies 

cover the Figure I loss matrix in the manner shown in Figure 2. 

REPORT YEAR 

1 2 3 4 5 6 

C ~ C - ~ , ~  ICLAU 

FIGURE 2 

7 

0 L 

"a 'T" 
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An important point to note is that the coverage above is 

equivalent to the coverage provided under & occurrence pollcles, 

as shown in Figure 3 below: 

REPO!~T YEAR 

i 2 5 ~ 5 C 7 

\ 

3 ¥ Y' 

FJGUI%E 3 

A l t h o u g h  t he  c o v e r a g e  to t h e  i n s u r e d  i s  t he  same unde r  the  

clalms-made system as under the traditional occurrence system, 

there is an important difference in the timing of the premium 

determination. To illustrate, the losses for report year 4 lag 2 

are covered by the occurrence policy written at (and priced no 

later than) the beginning of year 2. For our claims-made insured, 

these losses would be covered by the thlrd-year clalms-made policy 

written at the beginning of year 4. The clalms-made system 

allowed the insurer an extra two years to price this "lag 2" loss 

element. 
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IV. Claims-Made Ratemskin~ Principles 

AS noted previously, the major differences between the claims- 

made and the occurrence policy lies not in th e coverage provided, but 

in the timing of pricing decisions affecting that coverage. Under 

claims-made we are always pricing next year's claims. Under occur- 

rence pricing we must take into account claims to be reported many 

years in the future. The accuracy of any forecast is a direct 

function of how far beyond the data the projection is to be carried. 

A series of simple examples will illustrate this principle as it 

applies to claims-made and occurrence policies. 

Let reported.year J=O represent the last year of history, J=] 

represent the claims-made year we are pricing, and let (0,I), (1,2), 

(2,3), (3,4), (4,5) represent the components of the occurrence year 

we are simultaneously pricing.* In terms of the diagram we have: 

Future (Projections) 
History I 2 3 4 

LO,0 L0,1 

L|,0 LI,I LI,2 

L2,0 L2,i L2,3 

L3,0 L3,1 L3, 4 

L4,0 L4rl 

FIGURE 4 
(c-M) 

L4,5 

(Occ) 

* Actually it might be more accurate to state that reported year 

JE-I is the last year of history, since I) there is typically a 

six month lag between the end of the experience period and the 

effective date of a filing, and 2) an additional six months be- 

tween the effective date and the average date when the new price 

is in effect. Since this would have the same effect on pricing 

both occurrence and claims-made policies, it will be ignored for 

the sake of simplicity here. 
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Now let us assume LO, O - Li, 0 = L2, 0 = L3, 0 = L4, O = $200; that 

is, losses reported in the last year were produced in equal propor- 

tions from occurrences in the last five years. Also let's say we 

forecast that losses will increase at a rate of $20 per year for each 

lag. Then our diagram becomes: 

Future (Projections) 
5 History I .2 3 4 

$200 $220 

$200 $220 

$200 $220 

$200 $220 

$200 ~22o 

$],000 $I,100 

(C-M) 

$240 

$260 

$280 

FIGURE 5 

~)oo 

$],300 

(Oce) 

It is immediately apparent that next year's occurrence policy 

is more expensive than next year's claims-made policy, in this case 

by $1,300 - $I,lO0 = $200. The First Principle of Claims-Made Rate- 

making states: A claims-made policy should always cost less than an 

occurrence poliey~ as lone as claim costs are increasing. Further- 

more, the greater the trend, the greater the difference will be. 

For example, suppose we underestimated inflation by $I0 per year per 

lag. Then our diagram would become: 

Future (Assuming Chan~e in Trend) 
2 3 4 5 

$260 

$290 

FIGURE 6 

$320 

$350 

$1,450 

(Occ) 

History I 

$200 $230 

$200 $230 

$200 $230 

$200 $230 

920o $230 

$ I , 0 0 0  $ I , 1 5 0  

(C-M) 
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Now the difference is $1,450 - $1,150 = $300. But consider 

what happened to the relative rate levels. The claims-made rate 

level proved to be inadequate by $lj150 - $I,]00 = $50 or 4.5%. 

The occurrence rate level turned out to be inadequate by $I,450 - 

$1,300 = $150 or 11.5%. 

The result is obvious when you think about it. But it is 

fundamental to understanding the difference between claims-made 

and occurrence ratemaking. In fact, it deserves restating as the 

Second Principle of Claims-Made Ratemaking: Whenever there is a 

sudden/ unpredictable chan~e in the underl~in~ trend, claims-made 

policies priced on the basis of the prior trend will be closer to 

the correct price than occurrence policies priced in the same way. 

Stated another way, the confidence interval about the projected 

losses for a claims-made policy is narrower than for an occurrence 

policy priced at the same time. 

In addition to a sudden unexpected change in the underlying 

trend there is another type of change that plagues actuaries pricing 

long-tailed lines: a sudden unexpected shift in the reporting pat- 

tern. Let us see how this would affect pricing accuracy under the 

two types of policies. First, recall our projections by referring 

back to Figure 5. 

Now let's see what happens if we have a $20/per year/per lag 

shift toward later reportings; that is, $20 of what would normally 

he reported in lag 0 is not reported until lag l, $20 from lag l 

moves to lag 2, etc. (Note that only the first and last lags are 

affected since the others have the same dollars shifting in and out, 

and the same total dollars are reported.) Then our example looks 

like this: 
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Future (Assumin~ Change in Repot.tins Pattern) 
History I 2 3 . 

$200 $200 $200 $200 $200 

$200 $220 $240 

$200 $220 $260 

$200 $220 $280 

~200 $240 $280 $320 9360 

$1,000 $I,I00 FIGURE 7 

5 

$200 

$4OO 

$I,380 

Under these circumstances, the mature claims-made policy is 

still priced correctly (as we would expect since the total dollars 

reported is unchanged), although a first year claims-made policy 

would have been slightly over-priced. But the occurrence policy is 

under-priced by $1,380 - $1,300 = $80, or 6.2%. The Third Principle 

of Claims-Made Ratemaking states: Whenever there is a sudden unex- 

pected shift in the reportin~ pattern t the cost of mature claims- 

made coverage will be affected very little i£ at all relative to 

occurrence coverage. 

If we put the two types of errors together, the result is even 

more dramatic. 

History 

$200 

$20O 

$200 

$200 

$200 

$],000 

Future (Assuming Change 
in Trend & Shift in Reportin~ Pattern) 

I 2 3 4 5 

$210 $220 $230 $240 $250 

$230 $260 

$230 $290 

$230 $320 

~25o $400 

$i,15o $~,s3o 
FIGURE 8 
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The claims-made policy is under-priced by $50 or 4.5% as be- 

fore. But the occurrence policy is under-priced by $1,530 - $1,300 

= $230 or 17.7%. By now, it should be obvious that claims-made 

rates are both mere accurate (because of a shorter forecast period) 

and more responsive to changing conditions (because external changes 

affect losses as they are reported). Two other points deserve em- 

phasis. Firatj claims-made policies incur no liability for IBNR 

claims so the risk of reserve inadequacy is ~reatly reduced. (Prin- 

ciple Number Four). For example, a company writing occurrence pol- 

icies for five years at the end of the period marked "history" in 

Figure 5 would carry an IBNR reserve of 4 x $220 + 3 x $240 + 2 x 

$260 + I x $280 = $2,400. A company writing claims-made for the 

same period would have an IBNR reserve of $0. The occurrence IBNR 

reserve needed under varying assumptions would be $2,600 (Figures 

6 and 7) or $2,800 (Figure 8), so either of the two unfavorable 

developments would result in an IBNR reserve inadequacy of 8.33% 

for the occurrence policy. The IBNR needed for the claims-made 

policy is always O. 

The final point follows directly from the above. Because there 

is no need for IBNR, the time lapse between the collection of prem- 

iums and the payment of claims is greatly reduced. Consequently, the 

investment income earned from claims-made policies is substantially 

less than under occurrence policies. (Principle Number 5). The longer 

the reporting lag, or the shorter the settlement lag, the greater the 

difference will be.* The point is, as we reduce risk of inadequate 

* Algebraically, the reduction may be expressed as R/(R+$+I/2), where R 

is the mean reporting lag in years, S is the mean settlement leg and 

I/2 represents the I/2 year lag between payment of premium and the 

occurrence of a claim on average. Of course integrals rather than 

averages should really be used, but this approach produces a reason- 

ably accurate answer given the uncertainties about R and S. 
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rates and insufficient reserves by switching to claims-made coverage, 

we pay for it with reduced investment income. On the ether hand, the 

reduced risk should allow us to write more policies for a given 

amount of capacity, thus making up for the reduction in expected 

profitability per policy. 

Summarizing the five Principles of Claims-Made Ratemaking dis- 

cussed in this section: 

I) A claims-made policy should always cost less than an oc- 

currence policy, as long as claim costs are increasing. 

2) Whenever there is a sudden, unpredictable change in the 

underlying trend, claims-made policies priced on the basis 

of the prior trend will be closer to the correct price than 

occurrence policies priced in the same way. 

3) Whenever there is a sudden unexpected shift in the reporting 

pattern, the cost of mature claims-made coverage will be 

affected very little if at all relative to occurrence cov- 

erage; 

4) Claims-made policies incur no liability for IBNR 

claims so the risk of reserve inadequacy is greatly reduced. 

5) The investment income earned from claims-made policies is 

substantially less than under occurrence policies. 

Now that the advantages of the claims-made approach are apparent, 

we will discuss how pure premium data for claims-made pricing is com- 

piled, even where claims-made coverage has never been written. 
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V. Historical Pure Premium Collection 

As explained above, our approach to ratemaking requlres that 

we compute ht~torleal pure premiums by reported period and lag. 

To do this we collect the loss data and the exposure data and form 

the quotient. 

Collection of Losses. It is easy enough to cateBortze 

losses by reported period and lag using the coded reported date 

and accident date. Since we use pure premiums on an "ultimate 

value N basis, development factors are applied to the most recent 

loss valuations. The development factors used in our approach 

have these features: 

I. They are a function of report period only. 

2. The development factors are applied only to the ease 

reserve portion of the loss, not to the pald component. 

3. The factors are determined through a "backward recurstve" 

formula, described in Appendix A. 

Because the factors develop reported period losses to ultimate 

value, they provide for anticipated shortages or redundancies in 

case reserves, but they do not provide for IBNR (Incurred But Not 

Reported) losses. There is no need for IBNR losses in the claims- 

made ratemaklng process, since the primary focus Is on losses by 

reported period. 

Collection of Exposure. Determining the number of exposures 

for each reported period and lag in more difficult than tabulating 

the losses. Thls is especlally the case when the data base consists 

of a mlxture of occurrence and claims-made polleles. The best way 

to see the diffleulty in to look at hypothetical premlum trans- 

actions and see how much each trsnsactlon contributes "earned 
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exposure" to each report period by lag combination. Keep in mind 

that the goal in processing exposure data is to provide a suitable 

denominator for the pure premium calculations. 

In the examples we will ose the report period by lag matrix 

indexing system developed in Section III. We will call El, j 

the exposure to loss reported in period J, with accident year lag i. 

(See Figure 9 below) 

L 
A 
G 

(1) 

REPORT YEAR (J) 

] 2 5 4 5 6 7 

o Eo, I Eo, 2 EO,3 EO,4 EO,; EO,6 EO,7 

i Ei,i Ei,2 El,. 5 El,4 Ei,5 E l , (  ' El,7 

2 5,1 5,2 5,3 5,4 5.~ %/. ~'2,7 

3 E~, 1 E3, 2 E3, 3 ES, 4 E3, 5 E~,(, E3, 7 

4 E4, I E#, 2 E%, 3 E%,& E4, 5 El{,6 E4,7 

FIGURE 9 

Example 1: A "ma tu re "  c la ims-made p o l i c y  on one Insu red  

written at the beginning of year J. This contributes 

one exposure to all matrix elements with report year = J 

(i.e., the ]th column of the matrix). This is because the 

policy covers all losses reported in year J, regardless 

of the lag. 

Example 2: An occurrence policy written at the beginning of 

year J. This policy contributes one exposure to the 

following matrix elements: 

El,j+ i for i = O, l, 2, ... 
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Example 3: A mature clalms-made policy written I/3 of the 

way through year J. This policy contributes: 

2/3 exposure to El, j for i = 0, I, 2, ... 

I/3 exposure to El,j+ 1 for i - O, I, 2, ... 

This is the familiar "uniform earning" which also 

characterizes occurrence policies and most other 

policies in property and casualty insurance. 

Example 4: A second-year clalms-made policy written at the 

beginning of year J. This policy generates one exposure 

for only lag 0 and I portions of reported year J, (i.e., 

EO, j and El,j). 

Example 5: A flrst-year clalms-made policy written I/3 of 

the way (i.e., Hay I) through year ]. Before jumping to 

any conclusions about the amount of exposure look at 

Figure I0 on the next page. In Figure ]0, 

we introduce the term "difference" as the difference 

between reported date and accident date. (This is in 

contrast to "lag', which is the difference between 

reported year and accident year.) 

In Figure IO, the solid lines delineate regions 

represented by re port year-lag combinations. These 

are parallelograms except for the "lag 0" region, 

which is a right triangle. The shaded area is the 

triangular region covered by the policy of Example 5. 

We can see that the policy covers the following 
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D 
I 
F 
F 
E 
R 
E 
N IYR.  
C 
E 

2. YR, 

P.E P O R T  DATE"  

0 
MAY1 

, \  
L A &  | 

' lEA R 

LAG ~_ 

F I G U R E  I 0  

THIS FIGURE ILLUSTRATES THE COVERAGE OF A 
FIRST-YEAR CLAIMS-MADE POLICY WRITTEN 
ON MAY 1 OF YEAR i. 

SHADED AREA REPRESENTS THE CCVERAGE OF THIS 
POLICY. 

SOLID LINES REPRESENT BOUNDARIES OF 
"REPORTED YEAR -LAG" CELLS. 

"DIFFERENCE" (VERTICAL AXIS) REPRESENTS THE 
TIME DIFFERENCE BETWEEN DATE OF ACCIDENT 
AND DATE OF REPORTING. 

"LAG" IS REPORTED YEAR [iINUS ACCIDENT YEAR. 
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propor t ion  of these regions: 

2/3 x 2/3 - 4/9 of report year l, lag O; 

|/3 x I/3 - I/9 of report year 2, lag 0; 

I/3 x 2/3 = 2/9 of report year 2, lag I. 

These proportions are the earned exposure contri- 

butions to E0,1, E0,2, and El, 2 respectively. 

We can see, from Example 5, that the determination of exposure 

by report year and lag can be a fairly complex problem. This is 

especially so for "non-mature" clalms-made policies and tall 

policies. However, the graphical technique used in Figure ]0 Is 

general and can be applied to any type of policy. 

Before going on to a discussion of pure premium projection 

we will make come observations about the earned exposure 

calculations. We have concentrated on the general theory of how 

to make the exposure calculation, given the "maturity" of a 

clalms-m~de policy trensactlon and the actual commencement date. 

In reality one may have to make these calculations using only 

summarized written premiums and earned premiums by type o[ policy 

and by time period (rather than using detailed transection data). 

If this is this case~ accuracy is greatly improved if the time 

periods are as fine as possible. Another problem which arises is 

the actual determination of the "ma~urlty" of a clalms-made 

policy. This requires the coding of the date on whlch an insured 

first purchases clalms-made coverage (the "retroactive date"). 

This date is crucial and must he accurately recorded. 

A simplification was made in the exposure calculation 

argument based on Figure 10. Using the proportional areas of the 
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figure was equivalent to assuming a "uniform claim potential" 

within each year-lag parallelogram or triangle ~n the figure. 

Summary. In this section we have attempted to describe the 

process by which historical pure premiums (quotient of loss and 

exposure) by reported period and lag can be computed. The 

tabulation of loss is straightforward, since insurance loss data 

contains reported dare and accident date. The tabulation of 

exposure is much more complex, since different clalms-made end 

occurrence policies contribute to different report period-lag 

exposure "cells". 

Once these historical pure premlums are computed, the actuary 

can begin the projection of future pure premiums. 
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VI. Future Pure Premium Projection 

Once historic pure premiums have been calculated, future pure 

premium projection proceeds in two steps. First, the future "mature" 

claims-made pure premium is determined. Second, the total pure pre- 

mium is distributed back to lags and hence to policies at different 

levels of maturity. We will discuss each of these steps in turn. 

In its simplest form, mature pure premium projection consists 

of nothing more than polynomial or exponential regression, using time 

as the independent variable.* This is suitable for countrywide data 

and perhaps for a few high volume states. It is not suitable for most 

states, however, as random fluctuation and the distortion of changes 

in legal o~ social climate can produce very poor fits and unreliable 

estimates. The actuary must be careful to check for this every time 

he does his analysis, even for the largest states, since a sudden 

surge or drop in claims being reported can occur in a single state 

at any time, destroying a previously stable trend. Normally, these 

events average out when countrywide data is used, although the evi- 

dence of recent years indicates that the experience in all states is 

becoming more highly correlated with one another. 

If the actuary decides a particular state's trend is not suf- 

ficiently stable or reliable to use for projecting its future mature 

pure premiums, he may project them through a two-stage process. First, 

* Other curves, such as log or power functions, have been proposed 

as alternatives. Unfortunately, the results derived from fitting 

these functions are highly dependent on the time index chosen, 

since the regression is done against the log of the index rather 

than the index itself. 
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the actuary generates countr~ide ,fitted ~ure premium using poly- 

nomial regression as described above. Second, he applies linear 

regression or "regression through the origin", with state pure 

premium as the dependent variable and countrywide fitted pure pr 9- 

mium as the independent variable. This approach assumes that, in 

the long run, a consistent relationship exists between state and 

countrywide pure premium. In other words~ it assumes that the 

state will have the same percentage change from one year to the 

next that all states do, while using the individual state's own 

experience to determine its "relativity" to the countrywide rate. 

Linear regression is similar, but adds a constant term which allows 

partial recognition of the state's own apparent trend. Of course, 

if linear regression is used in both stages one and two, the result 

is the same as using linear regression against time directly. 

Two points merit emphasis about the above procedure. First, as 

always, it is the actuary's task to strike the delicate balance be- 

tween stability and responsiveness. This is done directly through 

his choice of a projection method, rather than indirectly through 

the choice of a credibility formula. The question to be kept con- 

stantly in mind is : How reliable is this data as an indicator of 

the claim process in this state? Fortunately, a wealth of information 

about the quality of the regression is available to help answer that 

question. Second, all projections are done on the experience itself. 

No "outside" frequency or severity trend information is superimposed 

on the data, thus avoiding the problem of explaining two or three 

sets of data and reeoncil[ng them with one another. There is no reason 

why this procedure should be limited to claims-made; its advantages 

apply equally well to any type of coverage. 

* See Appendix B for a technical description. 
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Once the future mature pure premium has been determined, the 

problem of distributing it to lags may be approached in several ways. 

The original approach taken was to regress individual lag pure pre- 

miu~ ("a row" in the pure premium matrix) against time in the same 

way we regressed the total of all lags. As might be imagined from 

the above discussion, this method is highly sensitive, so much so that 

some lags will shoot upward at high rates while others are trending 

downward, in some cases even projecting negative values. Even if 

such trends were accurate reflections of what was going on in the 

real world, they would be undesirable for projecting pure premiums 

and rates since a smooth transition between rates for policies at 

succeeding maturities is very im~rtant in helping insureds under- 

stand the steps in claiM-made coverage. A less-sensitive method 

was clearly needed. One simple approach we tried was to calculate 

the h~toric proportion for each lag, as follows: 

(')b'~jXi'J~ijXi'j'i 

where X. . is the pure premium for report period j, accident period 
1,3 

lag i. 

The problem with this approach is that it does not recognize 

trends in relative pure premiums between lags. It was decided that 

a weighted proportion - with greater weight going to the larger, and 

presumably more recent,observations - would be a better representation. 

Surprisingly, it turned out that regression through the origin was the 

answer again. In this case, the historic proportion for lag i turns 

out to be: 

~/~j ~ )2 
(2) b i =EEl, j .  Xj (Xj , 

l 
where X. is the fitted report period total pure premium. 

] 
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Let's see how this compares to the historic proportion cal- 

culated above. Note that: 

~i~xij and~ °~x ~ x .... Xj 
• , j I j J ° i , j  ~ ' J  

Therefore, (I) can be re-written as follows: 

b i 

b i ~ X..~.~X 
j z'31 j i 

Thus, we see the difference between (]) and (2) is simply that 

A 
the Xj, s are used as weighting factors to place greater weight on 

larger pure premiums. It is important to note that ~b i = ! since 
i' 

the bi, s are the fractions of the total pure premium associated with 

each lag. 

Summing up, the projection of pure premiums may be viewed as a 

two-step process. First, project the total {"mature") pure premium 

ignoring lags. Second, distribute the total pure premium back to lags. 

Several methods for carrying out each step have been suggested in this 

section. 

There is no one "right" method for all circumstances. In fact, 

once the data is collected into a historic pure premium matrix, the 

possibilities for projection methods are limited only by the actuary's 

imagination and the flexibility of his statistical software package. 

For example, both econometrics and time series analysis merit explor- 

ation since the pure premium data by reported year seems to indicate 

distinct cycles about the long term trend line roughly corresponding 

l, i 

* This is true, if and only if, the Xj, s were arrived at through 

linear regression. For regression through the origin, the residuals 
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to the economic cycle. This is logical since the incidence of 

malpractice should vary only with the utilization of medical ser- 

vices, while the reporting of a claim has a lot to do with how the 

claimant feels about his own economic situation. In any case, we 

suggest a "simulation" approach be used as a means of sensitivity 

analysis. 

At the St. Paul, we divide states into four categories: 

A - States, with highly stable patterns, where we use re- 

gression on their total pure premiums to determine their 

own trend; 

B - States, where we use regression through the origin for 

both the total and lag pure premium; 

C - States, where we use regression through the origin for 

the total pure premium but use the countrywide lag pat- 

tern and; 

D - States, with very thin data, where we use a judgmental 

relativity to the countrywide pure premium. 

As noted earlier, the categorization of each state must be re- 

viewed each year to make sure changes in claim environment have not 

materially altered the data's reliability. Sensitivity analysis 

provides valuable insights in this process as well. 

The ability to project pure premiums allows the actuary to de- 

termine more than prices for claims.made policies. Specifically, it 

can also be used to price occurrence policies, and to predict IBNR 

emergence and reserve adequacy. We will have more to say on this in 

Section Vlll. But first, we will briefly discuss some special features 

of The St. Paul filings which distinguish them from those of other 

claims-made writers. 
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Vll. Special Features of St. Paul Claims-Made Filings 

Not all elaims-ulade policies are alike in coverage. The St. 

Paul claims-made form contained several unique (at the time) cov- 

erage features which presented the actuaries with special pricing 

problems. Also, we chose several pricing techniques which were not 

traditional to facilitate the process of claims-made ratemaking 

from occurrence data. We will briefly discuss each of these special 

features in turn. 

Several unique features of The St. Paul filings have already 

been discussed in Section III. One of these was the retroactive 

date; i.e., the earliest accident dete for which coverage is pro- 

vided under the claims-made policy. Previous claims-made or "dis- 

covery" policies treated all insureds the same, even if they bad 

no prior exposure (e.g., just coming out of medical school) or if 

they were previously covered by an occurrence policy. 

Another concept mentioned earlier was "tail coverage". When we 

introduced claims-made we felt it was the wave of the future. Some- 

day all insureds would be using it and insureds would move from one 

carrier to another, carrying their retroactive dates with them. 

However, we recognized that this might not occur for many years and 

decided that we would have to offer our claims-made insureds guaranteed 

coverage for the "tail"; i.e., for claims which occurred while the 

insured was covered by claims-made but were not reported until after 

the last claims-made policy had expired. This was considered a rather 

dangerous step, since it in effect gave the insured the right to con- 

vert his coverage from claims-made to occurrence at any time. Were 

we leaving ourselves open to the same pricing problems we had had 

under occurrence7 We argued t h a t  the  r i s k  could be g r e a t l y  reduced 
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by selling the tail coverage in three annual installments, or 

reportin 8 endorsements, reserving the right to price them one 

at a time. The first reporting endorsement would be just like 

the insured's next claims-made policy, providing coverage for 

claims reported during that year only, except that accidents occur- 

ring in that year would be excluded. The second reporting endorse- 

ment would be similar, except that accidents occurring in the two 

year period after expiration of the last claims-made policy would 

not be covered. Only the third reporting endorsement would pro- 

vide the kind of perpetual coverage that the occurrence policy did, 

with similar pricing hazards. It was argued that that hazard was 

acceptable since I) we would be pricing it at least three years 

later than we would have priced the comparable coverage under an 

occurrence policy; 2) each insured would buy this "occurrence" 

coverage only once instead of every year, while the great majority 

of insureds were ~till buying claims-made; and 3) by the time we 

reach the third reporting endorsements the proportion of claims re- 

maining to be reported is fairly small, so even a large percentage 

error in the rate would not result in a large dollar loss. 

As we discussed the claims-made concept with our insureds, it 

became apparent that the three-pay reporting endorsement concept was 

acceptable to the majority but could work a real hardship for a few. 

So we added an additional option: We would sell a sin$1e-payment re- 

portin s endorsement to any insured terminating coverage due to death, 

disability or retirement. 

The pricing of reporting endorsements - both three-pay and single- 

pay - poses no special problems. It merely requires trending the pro- 

jected pure premiums further into the future. In fact, since the 
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policy is essentially selling IBNR coverage, the pricing of re- 

porting endorsements is equivalent to the determination of IBNR 

reserves, which will be discussed in Section VIII. Before pro- 

ceeding to that discussion, however, we will briefly mention three 

special features of The St. Paul rate filings not directly linked 

to the coverage provided. 

The St. Paul's claims-made policy is on an annual basis. But 

semi-annual reporting periods and lags were used in calculating and 

projecting pure premiums. The advantages of using this approach are 

twofold: 

i. Less distortion calculating the earned exposures by "cell" 

(See Section IV), and 

2. More data points for use in the regression. 

Underlying the whole idea of pricing claime-mede coverage from 

occurrence data is the implied assumption that the same body of claims 

would be reported at the same time under either policy. The more we 

thought about it, the less reasonable this assumption see~ed. We de- 

cided that two changes were likely to occur at the transition point, 

both due to insureds understanding that coverage for a particular 

claim would not commence until the claim had been reported. 

First, we assumed that, on average, claims would be reportsd 

sooner. Specifically, we assumed a two-month "shift" forward in claim 

reporting; algebraically, 

L ~ = L0, + |/6 L I O,i I , 2  

L i ,  2 = L i ,  2 I / 6  L i ,  2 + I / 6  L2 ,  3 e t c .  

Second, we assumed that there would be some additional reporting 

of incidents that would never have come in under the occurrence policy. 

Few, if any, of these incidents would result in loss payment, but they 
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would require investigation and hence loss expense payment. 

Specifically, we assumed 5% additional claim dollars would be 

reported, and that all of this additional activity would come 

in at Lag O. Algebraically, 

L~,  I = LO, I + ,05 x L i ,  1 

We can never know what would have been reported had we con- 

tinued with the occurrence policy, so it is impossible to test 

whether or not the "shift" and the additional incident reporting 

actually occurred. Now that several years of claims-made ex- 

perience is contained in the data base, the need for this special 

adjustment no longer exists and it has been dropped from the filing. 

The final special feature of the St. Paul filings involves the 

treatment of company expense. It was obvious that the pure premium 

and hence the rate for a first-year claims-made policy would be much 

less than for a mature policy. It did not follow that all expenses 

would be proportionately lower. In fact, most company expenses are 

probably fixed: i.e., they do not vary with the size of the premium. 

This was recognized by splitting the expense dollar into two parts: 

fixed and variable. This affected not only the relativities between 

different policy maturities, but between different classes of risk 

as well: the higher the rate, the lower the expense ratio. Alge- 

braically, the rate calculation changed from: 

R - PP/(I-E-P) 

to R ~ (PP + FE)/(I-VE-P) 

where R is the rate, PP is the pure premium, P is the profit allow- 

ance and E = FE + VE is the expense, broken down into its fixed and 

variable components. The following example will illustrate how 

this early instance of "expense flattening" works. 
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Fure Fixed Variable Expenses 
Premium Expenses and Pro.fit 

(Relativity) (% of Race) (25% o f  Rate) (Relativit..y..~. 

Class I Physician, 
First-Year Claims-Made 
Policy 

$ioo $35 
(1.00) (19.4%) 

$45 $180 
(].oo) 

Class I Physician, 
Mature Claims-Made 
Policy 

$500 $35 
(5.00) (4.9%) 

$ i78 $713 
(3.96) 

Class 7 Surgeon, 
First-Year Claims-Made 
Policy 

$8oo $35 
(8.oo) (3.1%) 

$278 $I,113 
(6.19) 

Class 7 Surgeon, 
Mature Claims-Made 
Policy 

$4,000 $35 
(40.00) (0.56%) 

$1,345 $5,380 
(29.89) 

FIGURE l I 
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Vlll. Other Uses of Analytical Tools Developed 

The techniques dlscussed in this article were developed 

specifically to price the clalms-made coverages. However, once we 

develop a method to project pure premiums by future report year 

and lag, we have developed a tool which we can use to solve a 

variety of insurance problems. We can price occurrence coverages 

by adding up the appropriate elements from Figure I of Section Ill. 

For example, the projected pure premium for an occurrence policy 

eo~encing at the beginning of year 3 is straightforward: 

XO, 3 + Xi, 4 + X2, 5 + X3, 6 + ..., 

where Xi, j is the projected pure premium for reported year 

J, lag i. 

Another area where the methods have application is in loss 

reserve determination. The "pure IBNR" (Incurred But Not Reported 

loss) for a company wrftlng occurrence policies falls out of the 

projected loss calculation. For example, the IBNR reserve st the 

end of year 2 is the following area from the Figure ]2 loss 

matrix below: 

0 

1 

4 

1 2 

REFORT YE,~R 

} 4 5 6 7 
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That fs~ the IBNR as of the end o[ year 2 on occurrence poltcles 

is the sum of all losses wlth reported year greater than 2 and 

accident year less than 3. 

Determining "pure IBNR" is only half the problem of 

determining a total loss reserve. Ore must also project the 

additional development to be incurred on case reserves (reserves 

on losses already reported). Thls latter problem must be solved 

before we even begin to project the pure premlums In Section VI. 

It turns out that the case reserve development is easier to 

project once the loss data Is collected Into the report year by 

lag format of Figure 1. Appendix A discusses the precise method 

by which we project this case development. 

Thus, the method of analyzing data which was developed to 

price clalms-made policy gives us a convenient way of separating 

loss development into Its two major components and projecting each 

separately: 

Antic ipated loss development - IBNR + Case Development. 

Moreover, the method also projects an e~ergenee pattern for the 

IBNR Loss. 
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IX. Summary 

We began this paper by discussing the historical situation 

which led to the declalon to write medical malpractice on a 

clalms-made basis (Section II). Next we translated the problem of 

pricing the claims-made coverages Into the problem of determining 

pure premiums by report period and accident period "lag" (Section 

lll). Section IV presented a discussion of clalms-made ratemaking 

principles. 

Next followed a technical discussion of how to calculate 

historical pure premiums by report period and lag given insurance 

loss and exposure data (Section V). Once this Is accomplished 

there are a variety of techniques available to project future 

pure premlt~as, and hence rates (Section VI). The St. Paul 

claims-made program and pricing techniques have several unique 

features (Section VII). Finally, the analytical tools used in 

clalms-made ratemaking can also be applied to the general problem 

of IBNR determination for occurrence policies (Section VIII). 
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Appendix A 

The Backward Recursive Reserve Development Method 

In claims-made ratemaklng the losses for each reported period 

must be developed to their ultimate value. We used a "Backward 

Recursive" reserve development method to accomplish this. 

This method requires that loss data be available by reported 

period and "age". (Age 0 means the valuation as of the end of the 

reported period, age I is the valuation one period later, etc.) 

It also requlres that the losses be separated into paid and case 

reserve components. 

The "Backward Rec ursive" method calculates development 

factors which are applied to the reserve component of less only. 

The determination of these factors proceeds in two steps: 

|. "One-step" factors are calculated to develop losses as of 

each age to the next age. Two factors are calculated for 

each age k. Pk is the proportion of reserves of age k 

which ~rlll be pald by age k+l. R k is the ratio of 

reserves at age k+l to reserve at age k. 

2. Ultimate factors are generatedlfrom the "one-step" 

factors. These factors apply to the reserves at age 

k to bring them to ultimate valuation. 

The calculation of the none-step" factors Is a straight- 

forward tabulation of the data. The factors are simply the 

following: 

Pk TM (Paid as of age k+l - Paid as of age k)/(Aga k reserve) 

R k = (Reserve as of age k+l)/(Reserve as of age k). 

In order to generate the development factors to take reserves 

to their ultimate valuation, we need to assume an "ultimate" age, 

t h a t  i . . . . .  g e  N a f t e r  w h i c h  - -  ~ - n ° 2 f ~ r t h e r  d e v e l o p m e n t  . . . . . .  The 



calculation proceeds i n  a "backward" fashion from the ultimate age 

in the following order: 

DN-I,N = PN-I + RN-| 

DN-2,N = PN-2 ~ RN-2 x DN_|, N 

" PN-3 + RN-3 x DN_2, N DN-3,N 

DO, N = PO + RO x D i ,  H 

Here Dn, N is the development factor which brings 

reserves at age n to their valuation at age N. Each equation 

above merely says that the ultimate development on reserves of age 

n is the sum of payments during the time period n+] and the 

ultimate value of reserves of age n+l. The first equation says 

that if N is assumed to be the ultimate age then reserves of age 

N-I are el=her paid within one time period or remain outstanding 

at age N. 

An example will illustrate the principles. Suppose that the 

following "single period" development factors have been determined 

and that age 3 is "ultimate". 

Age (k) 0 1 2 

Pk .300 .500 .400  

R k .800 • 500 .500 

Recall the meaning of these factors. For example, of all the 

reserves at age 0, 30% wlll he paid by age 1 and 80% will remain 

as reserve. The compound factors to apply to reserves are 

calculated in "backward" fashion: 

- 3 0 0  - 



D2, 3 = ,400 + .S00 - .900 

D i ,  3 - .500 + .500 x ( . 9 0 0 )  - .950 

D0, 3 - .300 + .800 x ( . 9 5 0 )  ~ 1.060 
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Appendix B 

Regression Through the Origin 

"Regression through the Origin" Is s least-squares 

statistical technique similar to linear regression, except that 

the llne of best fit is constrained to pass through the "Origin'. 

Like linear regression this technique uses a llne of "best fit" t o  

fit a set of observations of some dependent variable to a set of 

observations of an independent variable. Unlike linear 

regression the llne of best fit is constrained so that~ when the 

value of the independent variable is zero, the fitted value of the 

dependent variable is also zero. The criterion for "best fit" is 

the same for both techniques: the Ifne of best fit is chosen to 

minimize the sum of the squares of the differences between the 

observed and fitted values of the dependent variable. 

There are two situations where Regression through the Origin 

might be substituted for linear regression. The first is the case 

where, a priori, the value of the dependent variable must be zero 

when the independent variable is zero. The second situation is 

one where linear regression has been run, hut the "intercept" is 

not significantly different from zero, so that it can be dropped 

without hurting the accuracy of the model. 

An example of a problem where Regression through the Origin 

might "be used is the" problem of projecting one company's output as 

a function of an industry's total output, given historical annual 

figures. If the second variable takes on a value of zero, the 

first must also. 

The structure and mechanics of Regression through the Origin 

are similar to linear regression. The modeler has a~ hand 
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observed values of a dependent variable (Yi,Y2, ... YN ) 

and observations of an Independent variable (Xi, 2, ... XN). 

The task Is to calculate a parameter b such that 

~=bX 

g i v e s  the  expec ted  v a l u e  of  the v a r i a b l e  Y g i v e n  any obse rved  

v a l u e  o f  the i ndependen t  v a r i a b l e  X. ( R e c a l l  t ha t  in  i t n e a r  

r e g r e s s i o n  we look  fo r  pa ramete r s  a , b  to use In an e x p r e s s i o n  

~ = a + b X . )  

The parameter b Is chosen so that the sum of squares 

(Yi-bXI) 2 is minimized. The formula for b is g i v e n  b y  

~. x~ y:  

- ~_ X :  ~ 

The statistic b has the property that 

(YI-kX~) 2 = X (YI-BXi) 2 + (b-k) 2 ~Xi 2 

for any constant k. We can see that the last expression is 

minimized when k ~ b, so that b is optimal In the "least squares" 

sense. For a fuller discussion of the statistical propertles of 

the model, consult John Neter and William Wassermsn's Applied 

Linear Statistical Models (Richard D. Irwin, Inc., 1974). 

A/though it appears that the Regression through the Origin 

model Is a special case of linear regression, the reverse Is 

actuslly true! Thls Is because any linear regression model 

Y - a+bX can be rewritten 

(3 ~-b(X-:>, 
where ~ and ~ are the sample means of X and Y respectively. 
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With this formulation we can see that any linear regression model 

is a speclal case of Regresslon through the Origin in which each 

variable has zero mean. 
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RATING CLAIMS-MADE INSURANCE POLICIES 

by Joseph O. Marker and F. James Mohl 

REVIEWED BY Michael F. McManus 

The introduction of the claims-made policy as a 

vehicle for providing Medical Professional Liability 

insurance coverage in the mid-1970's clearly marked a 

turning point in the nature of the insurance market 

for this volatile line of business. Since the time 

when the St. Paul Fire and Marine converted their 

entire Medical Liability book of business from an 

occurrence form to a clalms-made form in 1975, a sig- 

nificant portion of the market, especially the 

so-called "medical mutuals", has also shifted to 

providing coverage on this basis. At long last we 

have a comprehensive, actuarial perspective on the 

various advantages of this form of coverage and a 

technical discusssion of one approach that can be 

used to price it. Messrs. Marker and Mohl have 

filled a significant gap in the actuarial literature 

in this regard. 

This review consists of a series of comments on 

the various sections of the paper and then a brief 

outline of another approach that has been used to 

price claims-made coverage. 
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Historic Perspective 

Marker and Mohl present a brief but reasonably 

complete history of the developments that led to the 

St. Paul's decision to offer Medical Liability cover- 

age only on a claims-made basis. Since no other 

major writer offered Medical Liability coverage on 

this basis at the time, this decision presented major 

challenges as respects the determination of proper 

rate levels, obtaining approval of the concept from 

regulatory officials and convincing policyholders 

that this change was in their long term best interest. 

As noted by the authors, most companies responded 

to the "malpractice crisis" by either pulling out of 

the market or seeking large rate increases. St. 

Paul, however, decided to take the more innovative 

approach of limiting coverage to only those claims 

reported within the policy period, and thus eliminat- 

ed the "pure" IBNR projection problem from ratemaking 

and reserving. There was considerable negative reac- 

tion at first from the medical community, largely 

because of their concern about the availability and 

price of "tail" coverage. The fact that many of the 

medical mutuals have subsequently adopted this form 

of coverage speaks well for their eventual under- 

standing of the actuarial benefits of claims-made, as 

respects pricing and reserving. 
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The reader should be aware, however, that there 

were a few states in which St. Paul did not succeed 

in getting their claims-made program approved because 

of opposition from either the medical community or 

the state insurance department, and this resulted in 

their pulling out of these states. The fact that St. 

Paul's program was endorsed by the state medical 

societies in many states considerably aided their 

efforts in getting approval of the claims-made con- 

cept. 

Coverage Concepts 

In this section of their paper, Marker and Mohl 

present a clear explanation of the coverage terms 

applicable to claims-made by referring to a matrix of 

losses by report year and accident year lag. While 

the explanations are clear, it should be pointed out 

that several of the coverage "modifications" made by 

St. Paul were virtually mandated by the market 

situation at the time. For example, a "retroactive 

date" was absolutely necessary to avoid duplication 

of coverage and policy limits, since virtually all 

insureds previously had occurrence coverage. Of 

course, this situation allowed the first year 

claims-made rate to be about half of what an adequate 
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occurrence rate would have been, and this temporary 

premium reduction helped sell the concept. Similar- 

ly, the availability of tail coverage had to be 

guaranteed in most states to obtain regulatory 

approval. 

As pointed out by the authors, a major benefit of 

the report year/lag matrix approach is that occur- 

rence data can be used to price claims-made policies; 

however, this approach is only feasible if report 

date has historically been captured accurately. 

Since this date was not required for experience 

reported to ISO, most companies did not begin captur- 

ing it until 1976, when ISO began requiring it on all 

Medical Liability experience. St. Paul was fortunate 

that it had been collecting this data element on its 

own experience. 

The interrelationships between occurrence cover- 

age, the various types of claims-made policies (first 

year, second year, etc.) and the role of tall cover- 

age are well demonstrated by Figures 2 and 3, as well 

as the timing advantage in pricing claims-made. 
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Ratemakin 9 Principles 

The authors make good use of several simplified 

examples in this section to develop various "Princi- 

ples of Clalms-Made Ratemaking." 

The manner in which data in Figure 5 is manipu- 

lated implies that pure premiums, and not losses, are 

being used. Thus the First Principle should in fact 

state that a claims-made policy would cost less than 

an occurrence policy, as long as pure premiums are 

increasing. 

The remaining Principles demonstrate the intui- 

tive benefits of pricing and reserving for mature 

claims-made policies versus occurrence policies in an 

unstable claim climate which has been and probably 

will continue to be the essence of Medical Liabili- 

ty. One minor complaint is that, in discussing 

reserving, it would have been helpful to indicate 

that the "pure" definition of IBNR, i.e., excluding 

case development, was being used. 

Historical Pure Premium Collection 

The approach outlined by Marker and Mohl in this 

section to develop reported losses to ultimate is 

notable for two reasons: i) only the case reserve 
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portion of the incurred amount is developed, and 2) a 

"backward recursive" formula is used to compute 

development factors. 

The first feature is well suited to the develop- 

ment of report year losses because of the lack of 

IBNR claims. Thus in developing losses to ultimate, 

any significant shifts in settlement rates are recog- 

nized since paid losses are not developed. In state- 

wide ratemaking, differences in settlement rates by 

state can also be recognized. A second favorable 

aspect is that, assuming that development factors are 

calculated on a countrywide basis (which is not 

indicated), loss development is solely a function of 

reserve adequacy, and therefore the use of country- 

wide factors should be much less distortive than for 

occurrence experience where different claim reporting 

patterns by state make countrywide factors much less 

appropriate. 

The backward recursive approach is a logical one, 

given the desire to develop case reserves only. 

Since the procedure starts by assuming an "ultimate" 

age, N, after which no further development occurs, 

the stability of developments between ages N -i and N 

would appear to be fairly critical. Unfortunately, 

no comments are offered by the authors on this point 
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or in general on what procedure is used to develop 

"one-step" factors--simple averaging, weighted aver- 

age, etc. 

The authors' treatment of the determination of 

appropriate exposures for the report year/lag matrix 

is interesting in that what is a straightforward 

process for standard occurrence ratemaking becomes a 

very tricky calculation for claims-made. While the 

graphical solution to this problem illustrated in 

Figure 10 is clear and understandable, one wonders 

about the difficulty of describing it in a computer 

program so that it can be automated and the quality 

of the results controlled. 

One other comment in this regard concerns the 

simplifying assumption that all exposures have a 

"uniform claim potential" within each report year/lag 

combination. While this would generally not be a 

problem, it clearly is not very accurate for first 

year (and even second year) policies and also for 

tail policies. 

An interesting result of this treatment of expo- 

sures is that the number of exposure counts generated 

by a claims-made policy is equal to the number of 

report year lags covered by the policy, e.g., a 
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mature policy generates five exposures. As the 

authors point out, accurate coding of the retroactive 

date is critical in determing the maturity and there- 

fore the number of exposures of a claims-made policy. 

Future Pure Premium Projection 

In this section, Marker and Mohl describe their 

approach for first projecting future mature claims- 

made pure premiums from historic pure premiums, and 

then distributing the total pure premium back to each 

lag period. 

The procedure used to accomplish the first goal 

is noteworthy for potential application to other 

lines of business. The usual question of determining 

the credibility of statewide experience instead 

becomes a question of what method should be used to 

project statewide pure premiums into the future. [f 

the state's actual experience is not sufficiently 

stable, then statewide pure premiums (dependent 

variable) are regressed against countrywide fitted 

pure premiums (independent variable) using either 

linear regression or regression through the origin. 

With this approach, various measures of the fit of 

the regression are available to evaluate the "credi- 

bility" of the statewide experience. 
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The development Of the procedure used by the 

authors to distribute these mature pure premiums back 

to each lag period is indicative of the evolutionary 

process that ratemaking frequently goes through. The 

original approach of simply regressing each row of 

the pure premium matrix against time proved to be 

highly sensitive to random fluctuations. On the 

other hand, simply averaging the historic proportion ~or 

each lag was totally insensitive to real trends in 

relative pure premiums between lags. The approach 

finally selected was a weighted average, with the 

fitted report year total pure premiums used as 

weights. Because of a normally positive pure premium 

trend, this resulted in greater weight effectively 

being applied to more recent observations, which was 

one of the authors' goals. 

Special Feature of St. Paul Filings 

This section of the paper describes the approach 

used to price several unique features of the St. Paul 

clalms-made filings, including tail coverage and 

expense flattening. 
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Because tail coverage had to be made available to 

all insureds, St. Paul was concerned because this 

gave everyone the theoretical option of converting to 

occurrence coverage at any time. The pricing 

uncertainty for this coverage was considerably 

minimized by the decision to sell such coverage in 

three annual installments, so that an occurrence type 

projection would only have to be made for the third 

installment, which would only cover a small percent- 

age of the claims covered by the tail policy. This 

was a creative solution to a pricing "problem". 

In this section the authors also describe two 

adjustments that were made to historic occurrence 

data, because of their concern that prior claim 

reporting patterns would be impacted by i) an accel- 

leration in the reporting of claims, and 2) an 

increase in the frequency rate, because of the 

insured's concern about having claims-made coverage. 

While the adjustments made were reasonable judgements 

and were only required during the transition from 

occurrence to claims-made, it would have been inter- 

esting to at least see a comparison of the claim 

reporting lag before and after clalms-made, recogniz- 

ing that the actual effect on the frequency rate 

cannot be isolated by itself. 
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The approach used to flatten expenses is similar 

to that currently being used in other filings. It is 

interesting to note that St. Paul decided to flatten 

expenses by class, as well as by year of clalms-made 

coverage. Prior to this time, very few occurrence 

carriers had flattened expenses by class, basically 

because of their concern about its impact on their 

distribution of insureds by class, when other 

carriers had not yet made such a change. 

Other Uses of Analytical Tools 

In this final section, Marker and Mohl validly 

point out that the pricing approach they have 

developed is not limited in its application to 

claims-made ratemaking. Their backward recursive 

approach to quantifying case development can be 

generally adopted to developing report year losses to 

ultimate. 

In utilizing the report year/lag matrix, however, 

the reader should be aware of the possible instabil- 

ity that may result from refining experience in this 

matter. Attention should also be paid to the 

accuracy of report date coding on non-claims-made 

coverage. 
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An Alternative Approach to Claims-Made Ratemakin 9 

When St. Paul announced their intention in 1975 

to convert their book of Medical Liability business 

from occurrence to clalms-made coverage, there was 

considerable concern on the part of other leading 

writers as to the effect this would have on the 

nature of the market. Presumably this could have 

been (and in fact turned out to be) the start of a 

general change in the way in which Medical Liability 

coverage was provided. 

In order to be prepared to possibly compete with 

St. Paul, several major writers asked Insurance 

Services Office (ISO) to develop a claims-made pro- 

gram (forms and rates) that could be adopted by a 

member company who wished to offer claims-made cover- 

age. Accordingly a special ISO committee of 

actuaries and underwriters was formed to develop such 

a program. 

Since claim report date had never been required 

in ISO statistical reports, an ilmuediate problem 

faced by this committee was the lack of suitable 

industrywide compilations of experience that could be 

used to price clalms-made coverage. Fortunately, 
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several individual companies were able to provide 

their own data in reasonably appropriate formats, but 

a sophisticated analysis was not possible given the 

data and time constraints in effect. 

The approach that was developed by this committee 

was to come up with a series of countrywide claims- 

made "multipliers" that would be applied to an 

adequate occurrence rate by state to develop claims- 

made rates by year of coverage. Thus, after making 

adjustments for expected changes in claim reporting 

patterns similar to those described by Marker and 

Mohl, it was decided that the rate for first year 

claims-made coverage should be 50% of an adequate 

occurrence rate. Increasing percentages were 

selected for the other years of claims-made coverage, 

reaching 90% for the fifth year; this was in recogni- 

tion of the fact that a mature claims-made rate 

should always be less than an adequate occurrence 

rate. While it was expected that claim reporting 

patterns would be somewhat different by state, 

adequate data by state was not available to examine 

this assumption, and so, countrywide factors were 

adopted. 
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This special committee was also asked to recom- 

mend the necessary statistical plan changes so that 

actual claims-made experience written by St. Paul and 

other companies could be identified and appropriately 

adjusted for industrywide ratemaking purposes. Thus, 

claim report date and "Date of Entry into Claims-Made 

Coverage" (retroactive date) were added to ISO 

statistical requirements. 

While the program developed by this committee was 

made available to interested carriers, they did not 

really address how actual claims-made data would he 

used in ratemaking. This issue was later addressed 

by ISO's General Liability Actuarial Subcommittee, 

which had responsibility for Professional Liability 

ratemaking procedures at the time, and subsequently 

by the Professional Liability Actuarial Subcommittee. 

The GLAS first addressed the general question of 

whether claims-made and occurrence data should be 

combined for ratemaking or reviewed separately. 

Since both types of coverage were being provided to a 

significant portion of the market and given the 

credibility problems inherent in making rates by 

state for Medical Liability sublines, the GLAS felt 

there was no real choice on this point: claims-made 

and occurrence data should be combined for ratemaking. 
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Because many years of experience are needed in 

Professional Liability ratemaking and since the 

available occurrence experience was summarized on a 

policy year basis, the GLAS next decided that, for 

purposes of statewide ratemaklng, clalms-made expo- 

sures would be extended by current clalms-made rates 

(appropriate clalms-made multiplier times current 

occurrence rate) and occurrence exposures, of course, 

by current occurrence rates. Thus the actual review 

of claims-made multipliers would be separately 

addressed, just as classification relativities are 

separately reviewed. 

In the area of loss development, historic policy 

year occurrence loss development factors were 

obviously inappropriate to apply to claims-made 

losses. Since St. Paul's experience showed that 

report year case development was minimal, it was 

temporarily decided to assume that claims-made losses 

would not be subject to any further development, 

since they were largely comprised of St. Paul experi- 

ence. Occurrence losses were developed using his- 

toric policy year occurrence loss development factors. 
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With these adjustments it was felt that the 

standard ISO ratemaking procedure could then be 

followed to review the adequacy of occurrence rate 

levels. When sufficient data was available, the 

adequacy of claims-made multipliers could be 

addressed by reviewing accident year/report year 

tabulations that are being compiled. It was subse- 

quently determined, however, that one further adjust- 

ment had to be made in the area of trend. The ISO 

procedure at the time was an exponential projection 

of countrywide policy year average incurred claim 

costs and claim frequencies. When claims-made 

experience entered these calculations, however, a 

distoction in the frequency calculation resulted 

because, for claims-made years, ultimate claim countE 

(occurrence plus claims made) were being compared to 

the unadjusted number of insureds. 

The eventual solution to this problem was to 

revise the trend procedure so that policy year 

ultimate incurred loss ratios are exponentially 

projected, instead of severity and frequency 

separately. Since the premium at present rates in 

the denominator of this calculation reflected the 

extension of clalms-made exposures by claims-made 

rates, the distortion noted above was eliminated. 
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While the ISO procedure is clearly not as 

sophisticated as the St. Paul approach described by 

Marker and Mohl, it is a reasonably sound technique, 

given the industrywide data available at the time. 

It was described here merely to indicate that the St. 

Paul approach is not the only way to price 

claims-made coverage. 

Conclusion 

In closing this review, there were a few areas 

not addressed by the authors that would have been of 

interest to many actuaries. These include: 

i. An analysis of increased limits requirements 

by year of claims-made coverage. It would 

seem that the severity of claims reported in 

the first year of clalms-made coverage would 

be less than that of claims covered by a 

mature policy. 

2. A discussion of any differences in claim 

reporting patterns by class. The original 

St. Paul filings recognized faster claim 

reporting for at least two classes: anes- 

thesiologists and neurosurgeons. It 
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would be interesting to see if their 

expectations have been met and if any other 

classes have shown significant differences 

from the average. 

3. A summary of the adjustments that have been 

made to the Experience Rating Plan for 

~ospital Professional Liability in order to 

allow the inclusion of clalms-made 

experience, including its impact on loss 

development factors, credibility values, 

D-ratlos, etc. 

4. A discussion of changes required to account- 

ing procedures to accomodate claims-made 

coverage, especially the manner in which 

premium is earned. 

These minor omissions do not take anything away 

from the value of the authors' paper, which repre- 

sents a significant contribution in an area that has 

not been adequately addressed in the past. 
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I. IFITRO"UCTION 

lhe purpose of this paper is to address the fo l Io~ing question. Should 

tile I)rese~t retrospective rat ing formu]a be modified to account for 

the c1air;~ severity of the risk being insured, and fo r  the |oss l im i t  

cilosen for  the i)]an7 It ~ i l l  be shown that there are s igni f icant  

d~fferences in pre~;~ium adequacy that can attr ibuted to the above 

~entioned factors. Alternatives to tile preser~t formula ~ i l l  be 

proposed. 

The Prese~t Retrospective Ratin~ Formu]a 

The premiu~n for  an insured wr i t ten under a retrospective rating plan is 

given by [he fol lo~ing formula. This formula is generally used in 

Workers' Compensation insurance. 

R = [ (P x b) + (P x c x e) + (c x A) ] x t 

subject to a l,iniriui:l of h x P and a maxinum of g x P. 

Where : 

R - Retrospective Premiu~n, 

P = Standard Premium, 

b = Basic Prel;)iiJr, l Factor, 

c - Loss Conversion Factor, 

e - [xcess Loss Premibltl Factor, 

A = Aetua| th:;ited Losses, 

t - Tax lh i I t i p I i e r ,  

h = {.~inimuu~ Pre~;liu~n Factor and 

g - i . ; ax i t ; , , 1  l'l'ei'.lJuln Factor. 
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In some plans, losses arising out of a single accident are limited to a 

speclfied amount before entering the retrospective premium calculation. 

The excess loss premium factor provides for the cost of this loss 

l imit .  

The basic premium Factor can be written as follows: 

b : a + (c x i ) .  

The factor a provides For acquisition expenses, general underwriting 

expenses and prof i t .  The factor i is called the insurance charge. 

This factor provides for the net cost of limiting the retrospective 

premium between the minimum and maximum premiums. 

The standard formula for calculating the insurance charge does not 

take into account the claim severity distribution of the individual 

insured, nor does it take into account the loss l imit  selected for the 

plan. I In other words, the insurance charge, as calculated by the 

standard f o r m u l a ,  w i l l  be the same no ma t te r  what c l a i m  s e v e r i t y  

d l s t r i b u t i o n  a p p l i e s  to the i n s u r e d ,  or  what loss l i m i t  is used. 

The loss experience wi l l  be more volat i le for a high severity, low 

frequency insured than for a low severity, high frequency insured. 

Since a high severity, low frequency insured wi l l  "break the maximum" 

more often, he should have a higher insurance charge than an otherwise 

comparable low severity, high frequency insured. 

I. National Council of Compensation Insurance, Retrospective Ratin 9 
Plan D 
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The insurance charge includes a provision for the portion of the losses 

which exceed any potential loss l imi t .  But, in a plan which has a loss 

l im i t ,  these losses are provided for by the excess loss premium factor. 

Thus, a plan with a ]oss l imi t  should have a lower insurance charge 

than a plan ~ith no loss l imi t .  

I t  has long been recognized that these factors can signi f icant ly affect 

the adequacy of the retrospective premium. Perhaps the main reason the 

rating forTnu]a has not been modified is that i t  would involve making an 

already Complex rating formula even more cemplex. According to one 

account, i t  could require 200,000 pages of tables to properly calculate 

the insurance charge. 2 

Another problem is inherent in the way data has been gathered under the 

present formula. The distr ibut ion of loss ratios is tabulated by 

direct observation. This allows one observation per insured each year. 

I f  one were to create categories of insureds and tabulate the 

experience for each of the categories, he might well find that the 

experience is not credible. 

2. An excel lent discussion of these issues can be found in "The 
Cal i forn ia Table L", PCAS LXI, by David Skurnick and the ensuing 
discussionsby Frank a ~  and Richard H. Shader. 
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The general approach taken by this paper wi l l  be to build a mathemati- 

cal model of the loss process. This model w i l l  be used to generate 

annual losses for di f ferent kinds of insureds. We wi l l  then quantify 

differences in premium adequacy that can be attributed to the factors 

mentioned above. Next we wi l l  explore modifications to the current 

formula which can more adequately price a retrospective rating plan. 

I I .  THE MODEL 

The Generalized Poisson Distr ibution 

The Generalized Poisson distr ibut ion wi l l  be used to model the loss 

process. 3 This model is based on the following ass~ptions. 

I. The number of claims has a Poisson distr ibut ion. 

2. Claim severity is independent of claim frequency. 

Three claim severity distributions have been selected. These 

distr ibutions wi l l  represent a standard insured, a high severity 

insured and a low severity insured. The distributions are given in 

Exhibit I. These distributions are hypothetical ones selected by the 

author. 

The following information is needed to generate a distribution of 

annual losses: (1) the expected losses; (2) the claim severity 

distr ibut ion;  and (3) the loss l imi t .  Sample values for the 

distr ibut ion are calculated by the following steps. 

3 .  R. E. Beard, T. Pentikainen and E. Pesonen, Risk Theory, Chapman 
and Hall Ltd. (1977), Ch.3, 
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I. Calculate the average claim size from the claim severity 

distribution. 

2. Calculate the parameter, ~ , for the Poisson distr ibut ion. 

Expected Losses 
Average Claim Size 

3. For each sample do the following. 

3.1 Randomly select the number of claims, n, from the 

Poisson distr ibut ion. 

3.2 Do the following n times. 

3.2.1 Randomly select a claim amount from the claim 

severity distr ibution. 

3.2.2 Adjust the claim amount for the loss l imit .  

3.3 The sample loss amount is the sum of all claim amounts 

generated by step 3.2. 

The annual loss distributions used in this paper are "empirical" ones 

consisting of 10,000 samples. 

The use of the Poisson distr ibut ion for the number of claims deserves 

some comment. The author chose this distr ibut ion because of its 

widespread use in the actuarial l i terature. The author has no evidence 

that the Poisson distr ibut ion is the most appropriate. However, i f  

some other distribution is chosen, one should expect only a slight 

increase in the variance of the annual loss dist r ibut ion.  4 Thus 

the results of this paper should hold even i f  this assumption is 

changed. 
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The major results of this paper wi l l  be based on the difference between 

insureds represented by the claim ~everity distr ibutions in Exhibit I. 

No attempt has been made to f i t  this model to l ive data. 

However, using Exhibits [Ia and ~[ I ,  one can compare the results of 

this model with the present retrospective rating formula. Exhibit IIa 

provides the excess loss premium factors derived from the claim 

severity distr ibutions in Exhibit I .  Exhibit I l l  gives the insurance 

charges calculated using the standard formula, and by a method (to be 

described below) using the claim severity distr ibut ion for the standard 

insured. 

Adequacy of the Retrospective Premium 

When given the parameters of the retrospective rating plan and the 

I0.000 loss samples generated by the model, i t  is possible to calculate 

the average retrospective premium generated by the plan. Similarly, 

one can calculate the average premium that would be generated by a 

"cost-plus" rating plan ( i .e.  a retrospective rating plan with no 

minimum or maximum premium). The premium for a "cost-plus" rating plan 

is given by the following formula: 

CP = [ (P x a) + (P x c x e') + (c x A) ] x t, 

where e' is the "correct" excess loss premium factor as derived from 

the claim severity distr ibut ion. 
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Tile retrospective prehlium adequacy of a plan (RPA) can be defined as 

fo] lows: 

Average "Cost-Plus" Prehdum 
RPA = Average Retrospective Premium 

The retrospective l)remium adequacy of plan is a measure of i ts 

p ro f i tab i l i t y .  I f  the retrospective preh~iu~;t adequacy is less than 

l.gO, the insurer should expect to i;lake more than the budgeted prof i t .  

Conversely, i f  the retrospective prc~;~ium adequacy is greater than l,OO, 

the insurer should expect to make less than the budgeted prof i t .  

I f  all the parai:~eters of a retrospective rating plan are given except 

the insurance charge, the retrospective premium adequacy can be thought 

of as a functions of the insurance charge. To use the model to find the 

insurance ci~arge one solves the follo~Jing equation. 

RPA(i) = i 

This e~luation ca. be solved by standard numerical methods. 5 It 

should be pointed o~t that solving this equation by hand ~ould be 

extre~:tely d l f f i cu l t  due to the large number of terms involved. 

}lo~rever, solving this ~quation by co~:~puter i~as proved to be very speedy 

and reliable. ]t should also be polnted out that this ~,letilod of 

finding the insurance charge can easily be adapted to other kinds of 

retrospective rati~g fomaulas. 

The author used the r.lodified Regula Falsi method, which is 
described in Elementary iIumerical Analysis: An A19orithmic 
Ai)proach, NcGravl Hill Inc. (1972), by S.D. Conte and Carl de Boor. 
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4. R.S.  ~liccolis, "On the Theory of Increased Limits and Excess of 
Loss Pricing", PCAS LXIV, p 43. 

I l l .  AN ANALYSIS OF THE CURRENT FORMULA 

Like i t  or not, we already have a formula for retrospective rating in 

use. With some minor exceptions, this formula is used on a countrywide 

basis for Workers' Compensation. 

Since the price of a retrospective rating plan is fixed, the problem 

becomes one of risk selection. This section seeks to identify those 

insureds ~./aich can prof i tably be written under a retrospective rating 

plan. 

Another part icular ly troublesome problem with the current formula is 

that many people feel that the excess loss premium factors currently in 

use are inadequate. This section wi l l  show how to quantify the effect 

of such an inadequacy. 

A Model of the Current Procedure 

Ideally, the current retrospective rating formula can be described in 

the following manner. A single loss distr ibution is chosen to 

represent all insureds with a given expected loss amount. The 

insurance charge is calculated from this loss distr ibut ion on the 

assumption that no loss l imi t  wi l l  be used. This insurance charge is 

used whether or not a loss l imi t  is actually used in the plan. 
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rhe current fon:mla wlll thus be modeled in tile following manner. The 

standard claim severity distribution will be used to calculate 

insurance charges. They are given in the last column of Exhibit llI. 

These insurance charges wi l l  be used to evaluate the retrospective 

prelniUBl adequacy of a plan no matter what clai~ severity distribution 

represents the insured, and no matter what loss limit is selected. 

Exhibit V shows the retrospective pre(aib~1 adequacy for the high and low 

severity insureds when there is no loss l imit. As can be seen from 

this exhibit, there are substantial differences in the retrospective 

premiuhl adequacy that can be attributed to differences in claim 

severity. Clearly i t  is not desirable for the insurer to write a 

high-severity insured on such a retrospective rating plan, 

Lxh~btt Vl sho~s the retrospect ive premium adequacy fo r  plans which 

have a loss l im i t .  As can be seen from the exh ib i t ,  the overlap 

bet~eee the excess ]oss premium factor  and the insurance charge resul ts 

in a very favorable retrospect ive premium adequacy from the viewpoint 

of  the insurer. This is true even for  the high sever i ty  insureds which 

fared poorly ~ihen there were no loss l i t . ] i ts.  
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The Effect of Inadequate Excess Loss Premium Factors 

After examining Exhibit VI, one might conclude that an insurer should 

require loss l imits on all retrospective rating plans. However, there 

are some problems with this strategy. In talking with various 

actuaries and underwriters who work in Workers' Compensation, the 

author has found a strong consensus that the excess loss premium 

factors currently in use are inadequate. To get some idea of the 

effect of inadequate excess loss premium factors, the author calculated 

the retrospective premium adequacy of plans with the excess loss 

premium factors cut in half. The results are shown in Exhibit VII. 

The results of these calculations show that, in some cases, i t  s t i l ]  

may be more profitable to write an insured with a loss l im i t .  The 

p ro f i t ab i l i t y  of a plan depends upon the balance between the amount of 

inadequacy in the excess loss premium factors and the redundancy in the 

insurance charge. This balance is more favorable to the insurer in 

plans with a low maximum premium. It should also be noted that this 

balance works against the insurer for the larger premium sizes. 

I f  an underwriter is concerned about inadequate excess loss premium 

factors, he should encourage the insured to take a plan with a high 

maximum premium and no loss l imi t ,  or a plan with a low maximum premium 

and a loss l lmi t .  The author has discussed this underwriting strategy 

with both under~riting and marketin~,j personel. They both thought that 

neither of these programs are marketable. It should be clear why a 

plan with a hlgh maximum would not se l l .  The marketability of the low 

maximum plan with a loss l imit  deserves some comment. 
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Flhun deciding ~/hether or not to purchase a plan with a loss l imit ,  the 

insured ~lill look at his past experi(:,~ce and see what he ~ould have 

paid under each plan. Exhibits VIII and IX provide such a price 

comparison based on the IO,OUO samples generated by the loss model. 

These exhibits sho~ calculations of retrospective premium at various 

percentiles. It should be noted that the insured in this example is 

paying $25,062 in excess premium in the plan with a $30,000 loss l imit .  

In examining these exhibits one can see that the insured would be 

paying a greater than or equal premium for the plan with a loss l imit 

at every percentile. The only time there is equality is when both 

plans pay the Maximum premium. 

The under~riter we~t on to say that he would be extremely suspicious of 

any insured that would be wil l ing to accept a plan with a loss l imit .  

Such a plan would be acceptable to an insured who has experienced a 

severe loss and is afraid of another one. 

The possibiliLy of adverse selection in plans with a loss limit is 

something that could be tested. What is required is a comparison 

between claim severity distributions for insureds who have, and who 

have not purchased a plan with a loss l imit. The author has not seen 

such a co~nparison. 

Adverse selection could provide an explanation for inadequate excess 

loss premium factors. 
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IV. OTHER RETROSPECIIVE RATING FORMULAS 

Insurance Charges Which Reflect Claim Severity and Loss Limits 

Given the differences in the retrospective premium adequacy of the 

various plans mentioned above, i t  iS natural to ask what should the 

insurance charge be in order to accurately ref lect  differences due to 

claim severity and loss l imi ts.  Exhibits X and XI provide the proper 

insurance charges. 

The taking into account of differences due to claim severity presents 

the problem of rating di f ferent exposures which are under the same 

retrospective plan. To do this,  one can simply sum the losses incurred 

by each separate exposure and then proceed as usual. Exhibit XVa 

provides calculations of insurance charges for an insured with standard 

premiums of ~150,000 in a class represented by the high severity 

distr ibut ion and $50,000 in each of two classes represented by the low 

severity distr ibution and the standard distr ibut ion. This method can 

easily be generalized to cases where the expense factors and loss 

limits are di f ferent for each class. 

While this method of calculating the insurance charge does not require 

an excessive number of tables; i t  does require a great deal of computer 

time, The overwhelming majority of the computer time is consumed by 

generating the distr ibut ion of annual losses. The author is aware of 

quicker ways to generate losses, which deserve serious considera- 

t ion, 6 

6. R.E. Beard, T. Pentikainen and E. Pesonen, op. clt., Ch.7. 
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Retrospective Rating Plans Which Require a Loss Limit 

[n his observations of Exhibit XI, the reader may have already noticed 

that the insurance charges for plans with the same standard premium and 

loss l imit are nearly equal. 7 The difference in the price for 

insureds with di f ferent claim severity distributions can be attributed 

almost entirely to the excess loss premium factor. This is true 

because we are substituting a fixed excess premium for the most 

vo la t i l e  part of the actual losses. 

This observation suggests that, whehl using a fixed loss l im i t ,  one can 

devise a retrospective rating formula for which the differences in the 

insurance charges due to claim severity can be kept to an acceptable 

minimum. This plan would simply use the insurance charge calculated 

for the standard insured, as the insurance charge for all insured s. 

Each insured would s t i l l  use the appropriate excess loss premium 

factor. The retrospective premium adequaeies for various insureds 

under such a plan are given in Exhbits XII and XVb. 

The author would also propose that the insured not be given a choice of 

loss l imits.  This would minimize the number of tables needed to 

calculate the insurance charge. The loss l imi t  would be determined by 

the total expected losses of the insured. Furthermore, i f  i t  is 

determined that adverse selection is a cause of inadequate excess loss 

premium factors, i t  may be necessary to require that all insureds have 

the same loss l imi t .  

7. The reader should note the di f ferent definit ions of the insurance 
charge that are in the l i terature.  Skurnick's insurance charge 
provides for both the excess losses or, individual claims and the 
effect of l imit ing the retrospective premium. Harwayne suggests 
reducing the excess loss premium factor to account for the overlap. 
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I f  ~le dre to require that a specific loss l imi t  be used for  a given 

insured, we should t ry  to choose a loss l imi t  that w i l l  be acceptable 

to a majority of the insureds. It may be desirable to calculate 

excess losses by the following formula. 

Let L be the total loss arising out of  a single accident. 

• Primary Loss = L 

I f  L < A LE×cess Loss 0 

5 LxB 
If L > A .~ . rililary LOSS L+B-A 

I 
LExcess Loss = L - Primary Loss 

In this case ~e say the loss lin~it is (A:B). 

One can see that prihlary portion of the loss w i l l  be betl~een A and B 

when the loss is greater than A. This formula is similar to the one 

used in mul t i -sp l i t  experience rating for  Workers' Compensation. 

Exhibits XIII and XIV show calculations of the insurance charge and the 

retrospective pre,;MuNi adequacy for plans with a dual loss l im i t .  It 

should be noted that a more res t r i c t i ve  loss l imi t  allows less variance 

in tile retruspective premium adequacy. The selection of a required 

loss l imit  w i l l  depend upon uhat w i l l  be acceptable to a majority of 

insureds and upon hey; r,~uch variance in tile r~trospective pre~iu~,~ 

adequacy tile insurer iS wi l l ing to tolerate. 

IV. CO{ICLUS ION 

]his paper discusses three options which call be taken with regard to 

ti le retrospective rat ing forliIula. 

- 337 - 



The f i r s t  option is to leave the present formula unchanged. I f  this 

option is elected, a retrospective rating p]an wi l l  produce premium 

deficiencies for high severity insured, whi]e i t  may produce premium 

redundancies for p]ans which have a loss l imi t .  Such plans are not 

appropriate for high severity insureds. 

The second option is to replace the present formula with one that 

proper]y accounts for claim severity and loss ]imits. This option 

would allow complete freedom in choosing the kind of p]an to be used. 

The main drawback to this option is the large amount of computer time 

needed to calculate the insurance charge. It wi l ]  he necessary to 

develop a more ef f ic ient  loss generation program before this option can 

be implemented. 

The third option is to restr ict  the number of p]ans avaiIab]e to the 

insured. This provides an immediate reduction in the number of tables 

needed. I f  we require that a]l retrospective rating plans have a loss 

] imit ,  i t  turns out that the c]aim severity of an insured has only a 

slight effect on the insurance charge. Because of this it should not 

be necessary to have separate tables for each c]aim severity group in 

order to calcu]ate the insurance charge. I f  a single loss l imit is 

required, the resulting procedure should be no more complex than the 

present one. A sing]e loss distr ibution and ]oss l imi t  could be chosen 

to represent all insureds with a given expected loss amount. 

This paper attempts to quantify the ef fect  of each of these options. 
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The author prefers a f lexible formula l ike that mentioned in option 

two. Should this approach prove un~mrkable at the present time, the 

author would then choose option three. The present retrospective 

rating formula discards accuracy in order to maintain f l e x i b i l i t y .  The 

proposed formula discards f l e x i b i l i t y  in order to maintain accuracy. 

This paper bases its conclusions on computer simulation using 

hypothetical data. These techniques permitted a vast amount of 

experimentation with various retrospective rating plans. These 

conclusions are the results of this experimentation. Any concrete 

proposal for changing the current procedure must look at real data. 

The modification of the current procedure ~ l l  be a very expensive and 

time consuming undertaking. I t  is hoped that this paper wi l l  convince 

the reader that such an undertaking is worth the e f fo r t .  

The ideas expressed in this paper are the result of conversations the 

author had with many people at his company. The author would like to 

thank these" people for their contributions. 
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Exhibit I Claim Severity Distributions 

Claim Amount Probabil i ty that a claim wil l  be Jess than Column I 

( I)  (2) (3) (4) 

50 0.4310 0.3692 0.2464 
I00 0.5781 0.5147 0.4385 
250 0.8561 0.8419 0.6195 
5o0 0.8994 0.8835 0.84z4 
750 0.9175 0.9040 0.8684 

1,000 0.9291 0.9155 0.8862 
1,500 0.9455 0.9310 0.9050 
2,500 0.9628 0.9495 0.9225 
3,500 0.9718 0.9606 O. 9348 
5,000 0.9788 0.9704 0.9468 
7,500 0.9846 0.9780 0.9592 

10,000 0.9886 0.9824 0.9665 
15,000 0.9935 0.9878 0.9748 
~5,000 0.9969 0.9936 0.9823 
35,000 0.9982 0.9961 0.9862 
50,000 0.9990 0.9977 0.9903 
75,000 0.9995 0.9988 0.9941 

I00,000 0.9997 0.9992 0.9961 
150,000 0.9998 0.9996 0.9977 
250,000 1.0000 0.9998 0.9989 
350,000 0.9999 0.9993 
500,000 I.O00D 1.0000 

Column 2 - Low Severity Insured 
CoIL mln 3 - Standard Insured 
Column 4 - High Severity Insured 

I t  is assumed that the claim severity d istr ibut ion iS uniform between 
any two consecutive amounts in Column I .  
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Lxhibi t l l a  

Loss L i~,iit 

Excess Loss Premium Factor* 
[o~i Severlty Standard tligh Severity 

Insured Insured Insured 

I0,000 0.191 0.270 0.391 
L5,000 0.146 0.222 0.353 
20,000 0.118 0. I~7 0.322 
25,000 U.09~ 0.162 0.296 
30,000 0.084 0.143 0.274 
40,000 0.064 0.116 0.237 
50,000 0.052 0.098 0.208 
75,000 0.033 0.070 0.156 

100,000 0.023 0.053 0.124 
150,000 0.010 U.034 0.083 
20D,000 0.003 0.023 0.056 
250,000 0.U15 0.038 

Exhibit l ib 

Excess Loss Prei,liur, i Factor" 
Lo~i Severity Standard lligh Severity 

Loss Lil;~it** Insured Insured insured 

(2,000:20,000) 0.206 0.272 0.380 
(5,000:60,000) 0.114 U. 170 0.276 
(i0,000:I00,000) 0.075 0.124 0.220 
(10,000:20,000) 0.155 0.228 0.350 
(30,000:60,000) 0.064 0.114 0.227 
(50,000: i00,000) 0.038 0.076 0.166 

* Expected Loss Ratio = .600 

**Excess losses for a dual loss l im i t  (A:B) are glven by tile fo l lowing 
formul a. 

Let L be the to ta l  loss ar ls ing out of a s ingle acc]dent. 

I f  L < A 1 l~rimary 
Loss L 

Uixcess Loss 0 

I f  L >A 
LxB 

h' i i iary Loss : L+B-A 

LExcess Loss L - Primary Loss 
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Exhibit I l l  Comparison of insurance-charges indicated by the n~odel. 
and the standard form,Ha using Table H. 

Standard Premiura : 50,000 
No Loss Limit 

Mi n. Hax. 

BxTII 1.00 
BxTM 1.20 
BxTM 1.40 
BxTM 1.60 
BxTM 1.80 
0.60 l.OO 
0.60 1.20 
0.60 1.40 
0.60 1.60 
0.60 1.80 

Standard Prc1~Mum = 150,000 
No Loss Limit 

Insurance Charge* 
Standard Formula 

0.2G7 
0.173 
0.122 
0.090 
O. 008 
0.254 
0,117 
0.038 

-0.016 
-0.052 

Insurance Charge* 
Min. Max. Standard ForJHula 

Model 

0.300 
0.219 
0.174 
0,144 
0.123 
0.299 
0.195 
0.124 
U.071 
0.029 

Model 

BxTM 1.00 O. 173 O. 179 
BxIM 1.20 0.092 O. 112 
BxTH 1.40 0.059 0.079 
BxTM i. 60 0.044 0.060 
BxTM I. 80 0.029 0.047 
0.60 1.00 0.150 0.171 
0.60 1.20 0.041 O. 087 
0.60 1.40 0.000 0.043 
0.. 60 1.60 -0. 025 0.014 
0.60 1.80 -0,042 -0,005 

Standard Premium : 250,000 
No Loss Limit 

insurance Charge* 
Mi n. Hax. Standard For'niul a Model 

BxTM 1,00 U. 130 O, 128 
BxTM 1.20 0.060 0.073 
Bx TH 1.40 0.033 O. 048 
BxTM 1.60 0.025 0.033 
BxTM 1.80 0.015 0.023 
0.60 1.00 0.099 0.119 
O. 60 I. 20 O. 012 O. 054 
0.60 1.40 -0.016 0.021 
O. 60 1.60 -0.032 O. 001 
0.60 1.80 -0.040 -0.004 

* The parameters fo r  tile plans are given in Exhibi t  IV. 
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Exhibit IV Parameters for Retrospective Rating Plans 

Total Standard Premium 
50,000 150tO00 250r000 

Expected Losses 30,000 90,000 150,000 

Loss Conversion Factor (c) 1,125 1,125 1,125 

Expense in Basic Premium Factor (a) 0,149 0,139 0.134 

Tax Multiplier (t) 1,040 1,040 1,040 
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Exhibit V Retrospective Pr~ium Adequacy for Plans without a Loss 
Lhnit 

Standard Premium = 50,000 
No Loss Limit 

Min. r.lax. 

Retrospective Premium Adequacx* 
Low Severity Standard High Severity 

Insured Insured Insured 

BxTM 1.00 0.951 1.000 1.127 
BxTM 1.20 0.936 1.000 1.161 
BxTM 1.40 0.935 1.000 1.170 
Bx~4 1.60 0.937 l .  O00 1.170 
BxTM 1.80 0,940 1.000 1.163 
0.60 1.00 0.951 1.000 1,112 
0.60 1.20 0.951 1.000 1.103 
0.60 1.40 0.962 1.000 1.084 
0.60 1.60 0.974 1.000 1.066 
0.60 1.80 0.984 1.000 1.049 

Standard Premium = 150,000 
No Loss Limit 

Min. Max. 

BxTM 1.00 0.951 
BxTM 1.20 0.947 
BxTM 1.40 0.953 
Bx~4 1.60 0,958 
Bx~4 1.80 0,962 
0.60 1.00 0.956 
0.60 1.20 0,964 
0.60 1.40 0.976 
0.60 1.60 0.987 
0.60 1.80 0.994 

Standard Premium = 250,000 
No Loss Limit 

Retrospective Premium Adequacy* 
Low Severity Standard High Severity 

Insured Insured Insured 

1.000 1.119 
1,000 1.123 
1.000 1.113 
1.000 1.098 
1.000 1.085 
1.000 1.078 
1.000 1.052 
1.000 1.028 
1.000 1.008 
1.000 0.992 

Retrospective Premium Adequacx* 
Low Severity Standard High Severity 

Min. Nax. Insured Insured Insured 

BxIiM 1.00 0.961 1.000 1.102 
BxTM 1.20 0.961 1.000 1.095 
BxTM 1.40 0.966 1.000 1.077 
BxTM 1.60 0.972 1,000 1.061 
BxTM 1.80 0.977 1.000 1.048 
0.60 1.00 0.967 1.000 1.061 
0.60 1.20 0.975 1.000 1.031 
0.60 1.40 0,987 1.000 1.007 
0.60 1.60 0,996 1.000 0.988 
0.60 1.80 1.004 1.000 0.974 

* The parameters for the plans are given in Exhibits I l l  and IV. 
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Exhibit VI R e t r o s p e c t i v e  Pr'emiur4 Vldequacy f o r  Plans w i t h  a Loss  
I.i~ni t 

Standard Preiitium : 50,000 
Loss Limit = 10,000 

l.li n. i,la x. 

Retrospective Premium Adequacy" 
Low Severity Standard High Severity 

[llsuved Insured Insured 

l:x[I.l 1.00 0.868 0.865 0.855 
BxTM 1.20 0.8]4 0.811 0.8U0 
BxTt,1 1.4u U.819 0.818 0.813 
BxTH 1.60 0.~3;~ 0.83~ 0.836 
BxTM 1.80 0.857 0.856 0.856 
0.60 I.UO 0.868 0.865 0.855 
0.60 1.20 0.820 0.827 0.816 
0.60 1.40 U.864 0.863 0.850 
0.60 1.60 0.912 0.913 0.912 
0.60 1.80 0.95~ 0.961 0.962 

Standard Premium = ]5U,OUO 
Loss LimiL = 30,ULIU 

r.i i n .  Ma x. 

Retrospective Premium Adequacy* 
Low Severity Standard High Severity 

Insured Insured Insured 

BxTi.I 1.00 0.904 
BxTM 1.28 0.589 
BxTM 1.40 0.906 
l)xIM 1.60 0.024 
BxTll 1.50 0.939 
B. bO 1.00 0.908 
0.60 1.20 0.912 
0.60 1.40 0.944 
0.60 1.60 0.974 
0.60 1.80 U.995 

SLandard Pr~;rfur:l- 250,000 
Loss Limit - 5U,OUU 

Low Severity 
Min. Max. insured 

0.908 0.901 
0.894 0.889 
0.909 0.907 
0.925 0.924 
0.939 0.939 
0.912 0.905 
U.916 0.914 
0.945 0.947 
0.973 0.977 
0.994 0.999 

Retrospective Premium Adequacy" 
Standard lligh Severity 
Insured Insured 

BxTM 1.00 0.925 0.931 
BxTM 1.20 0.923 0.927 
BxTM 1.40 0.040 0.941 
BxTM 1.60 0.95/ 0.957 
BxfM 1.80 0.969 0.969 
0.60 1.00 0.931 0.936 
0.60 1.20 0.942 0.944 
0.60 1.40 0.970 0.967 
0.60 1.00 0.992 0.988 
0.60 1.80 1.010 1.005 

0.932 
0.931 
0.944 
0.958 
0.969 
0.943 
0.948 
0.969 
0.987 
1.003 

* The parameters For the plans are given in Exhibits IIa, I l l  and IV. 
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Exhibit VII Retrospective Premium Adequacy for Plans with a Loss 
Limit and Inadequate Excess Loss Premium Factors 

Standard Premium = 50,000 
Loss Limit = 10,000 

Retrospective Premium Adequacy* 
Low Severity Standard High Severity 

Min. Max. Insured Insured Insured 

BxTM 1.00 0.899 0.914 0.936 
BxTM 1.20 O.884 0,919 0.978 
BxTH 1.40 O.910 0.955 1.031 
BxTM 1.60 0.939 0.989 1.076 
BxTM 1.80 0.964 1.017 1.110 
0.60 1.00 0,899 0.914 0.937 
0.60 1.20 0.906 0.944 1.009 
0.60 1.40 0.963 1.013 1.102 
0.60 1.60 1.021 1.073 1.166 
0.60 1.80 1.069 1.121 1.213 

Standard Premium1 : 150,000 
Loss Lhi~it = 30,U00 

Retrospective Premium Adequacy* 
Low Severity Standard High Severity 

flirt. ~lax. Insured Insured Insured 

BxTN ] .00 O. 928 O. 952 1.003 
BxTH 1.20 O. 930 O. 967 I. 048 
BxTM 1.40 0.955 0.994 1.089 
BxTH 1.60 0.976 1.016 I. 120 
BxlM 1.80 0.993 1.034 1.142 
0.60 l • 00 O. 933 O. 957 1. 009 
U.60 1.20 0.954 0.988 1.062 
O. 60 1.40 0.991 1.024 1. 103 
0.60 1.60 1.022 1.054 1.135 
O. 60 1.00 1.045 1.076 1. 156 

Standard Premium : 250,000 
Loss Ll~ait = 50,000 

Retrospectlve Premium Adeguacy* 
Low Severity Standard High Severi ty 

~Ii n. flax. I nsured Insured Insured 

~ x  Trl t. O0 O. 943 O. 968 1. 028 
BxTI1 I. 20 O. 952 0. 982 1. 060 
BxTH 1.40 O. 972 1.O04 1 .O88 
BxTM 1.60 0.990 1.023 1. 110 
BxTM 1.80 1.004 1.038 1. 127 
O. 60 1. O0 O. 950 O. 974 I. 027 
0.60 ].20 0.970 0.996 1.056 
U. 60 1.40 l .  OUO 1. 024 1. O83 
0.60 !.60 1,023 1.O45 1.102 
O. 60 1.80 1.042 ].063 1.118 

* The parameters for  the plans are given in Exhibits I Ia,  II 
The [xcess Loss Prelaiura Factors in Exhibi t  l la are mult ipl 
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£xhibit  VIII Distr ibution of R.,trospective Premiur.~ with 30,000 
Loss Limit - Staml.~rd insured 

i .  Standard Pr er, Ji um 150000 
2. Basic Premiula (Excl Ins Chg But Incl. Tax) 21684 
3. Basic Pre,aium ([ncl 0.179 Ins Chu and Tax) 53098 
4. Excess Pro~;fium Generated by E.L.P.F. (h~c Tax) 25062 
5. Needed Excess Premium (Inc Tax) 25062 
6. i,linimum Premium (= Line 3) 53098 
7. /.laxil:~l,~ Premiulu (L ine 1 x I.OUU) 150000 

A B C D E 

Probabi l i ty 
that Subject Losses Subject 
Losses To Retro Retrospective Cost P l u s  Difference 
Are < : Coi B * Rat ing * Premium **  Premium*** C - D 

Min 10659 8~819 57405 31414 

.005 18287 96447 65033 31414 
.010 20942 99102 67688 31414 
,050 30342 108502 77088 31414 
.100 37238 115398 83984 31414 
.200 48255 125415 95001 31414 
.300 57966 136126 104712 31414 
,400 66673 144833 113419 31414 
.500 75372 150000 122118 27~:~2 
.600 ~4315 150000 131061 18939 
.700 95106 150000 141852 8140 
.800 10~743 150000 155489 -5489 
.900 129005 150000 175751 -25751 
.950 147786 150000 194532 -44532 
.990 184776 150000 231522 -81522 
.995 200951 150000 247697 -97697 

Max 283075 150000 329821 -179~21 

Notes 

" Subject Losses are adjusted to include L.A.E. arid Taxes 

"* Retrospective Premium = Line 3 + Line 4 + Coi B 
Subject to Hinh.lum and Maximum Premlum 

*** Cost Plus Pro~ium = Line 2 + Line 5 + Col B 
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Exhibit IX 

I. 
2. 
3. 
4. 
5. 
6. 
7. 

A 

Probabil i ty  
that Subject 
Losses 
Are < : Col g * 

M i n 

.005  
.010  
.050 
• 100 
.200 
.3UO 
.40D 
.500 
.600 
.700 
• 8 0 0  

. 900  

.950 

.990 

.995 

t.lax 

f'lu ~.es 

Distribution of Retrospective Pre~Hum with No Loss 
L]rait - Standard In.;,red 

Standard lh'emi u~l 150000 
Basic Pr~;lium (Excl Ins Ch 9 But IncI. Tax) 21604 
Basic Premium (Incl 0.179 Ins Chg and Tax) 53098 
Excess Premium Generated by E.L.P.F. (Inc lax) 0 
Reeded Excess Premium (Inc Tax) 0 
t.lfnhaum Premium ( -  Line 3) 53098 
Maxi~nul4 Preraium (L ine 1 x 1.000) 150000 

B C D E 

Losses Subject 
To Retro Retrospective Cost P l u s  Difference 
Rating * Premium ** Premium*'* C - 0 

10659 63/57 32343 31414 

18287 71305 39971 31414 
20942 74040 42626 31414 
30342 83440 52026 31414 
37238 90336 58922 31414 
48273 101371 69957 31414 
58668 111766 80352 31414 
69178 122276 90862 31414 
81194 134202 102878 31414 
94581 147679 116265 31414 

I12488 150000 134172 ]5828 
140164 150000 161840 -11848 
IU0628 150000 212312 -62312 
258305 150000 279989 -129~89 
532459 15000U 554143 -404143 
615667 150000 637351 -487351 

938677 150000 960361 -8~0361 

" Subject  Losses are adjusted to inc lude L.A.E. and Taxes 

** Retrospect ive PrefMum = Line 3 + Line 4 + Coi B 
Subject to ~inimum and 14aximum Pr~nium 

* ' *  Cost PI .s  Pr~nium = Line 2 + Line 5 + Col B 
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Exhibit X Indicated Insurar~ce Charges 

Standard Premium : 50,000 
No Loss Limit 

Insurance CharQe* 
Low Severity Standard 

Min. Max. Insured Insured 

BxTM 1.00 0.230 0.300 
BxTM 1.20 0.153 0.219 
BxTM 1.40 0.113 0.174 
BxTM 1.60 0.089 0.144 
BxTM 1.80 0.072 0.123 
0.60 1.00 0.226 0.299 
0.60 1.20 0.129 0.195 
0.60 1.40 0.071 0.124 
0.60 1.60 0.034 0.071 
0.60 1.80 0.006 0.029 

Standard Premium = 150,000 
No Loss Limit 

Insurance Charge* 
Low Severity Standard 

Min. Max. Insured Insured 

Bx~ 1.00 0.118 0.179 
BxTM 1.20 0.063 0.112 
BxTM 1.40 0.039 0.079 
BxTM 1.60 0.026 0.060 
BxTM !.80 0.018 0.047 
0.60 1.00 0. i i i  0.171 
0.60 1.20 0.046 0.087 
0.60 1.40 0.017 0.043 
0.60 1.60 -0.000 0.014 
0.60 1.80 -0.012 -0.005 

Standard Premium = 250,000 
~Io Loss Limit  

Insurance Charge* 
Low Severity Stanaard 

r4in. Max. Insured Insured 

BxTM 1.00 0.083 0.128 
BxTM 1.20 0.039 0.073 
BxT!I 1.40 0.021 0.048 
BxTM 1.60 0.011 0.033 
BxTH 1.80 0.005 0.023 
0.60 1.00 0.079 0.119 
0.60 1.20 0.030 0.054 
0.60 1.40 0.009 0.021 
0.60 1.60 -0.003 0.001 
0.60 1.80 -0.010 -0.014 

" The parameters for  the plan are given in Exhibi t  IV. 

High Severity 
Insured 

0.424 
0.351 
0.305 
0:269 
0.241 
0.424 
0.351 
O. 289 
O. 224 
0. 159 

High Severity 
Insured 

0.303 
0.217 
O. 168 
0.135 
0. i i0  
0.300 
0.181 
0.096 
0.031 

-0.021 

High Severity 
Insured 

0. 234 
0.154 
0. 109 
0. 080 
0.060 
0.222 
0.107 
0.033 

-0.021 
-0.061 
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[ xh ib i t  YJ h)d~cated insurance Chnrges 

Standard Pronium : bO,OUO 
Loss Limit : 10,000 

Insurance Charge* 
[o~ Severity Standard High Severity 

l,iin. ;qax. Insured Insured Insured 

BxTM 1.00 0.054 0.049 0.032 
BxTM 1.20 0.013 0.012 0.006 
BxTM 1.40 0.003 0.003 0.001 
BxrF1 1.60 0.001 0.001 0.000 
BxTM i.~0 0.000 0.000 0.000 
0.60 1.00 0.052 0.049 0.032 
0.60 1.20 0.008 0.009 0.006 
0.60 1.40 -0.004 0.000 0.001 
0.60 1.60 -0.006 -0.003 0.000 
0.60 I .~0 -0.007 -0.004 0.000 

Standard Premium : 150,000 
LOSS L i ta i t  : 30,000 

Insurance Cuar~e* 
LOll Sever i ty  Standard High Sever i t y  

Min. Max. Insured Insured Insured 

Ux Tt.1 1.00 0.046 0.062 0.045 
Bx T¢.; 1.20 0.010 0.013 0.011 
Bx Tfl I. 40 O. 002 O. 004 O. UO 3 
Bx T~-I l .  60 O. 000 0. 001 O. 001 
HxTN i .  80 O. 000 0.000 0.000 
0.60 1.00 0.041 0.047 0.044 
0.60 ] .20 0.002 0.004 0.007 
O. 60 I. 40 -0. 006 -0. 006 -0. U03 
0.60 1.60 -0.008 -0.009 -0.005 
O. 60 1.80 -0.009 -0. 010 -0.0U6 

Standard Premium = 250,000 
Loss L i m i t  = 50,000 

Insurance Cisar~le* 
Low Severity Standard High Severity 

fqi n. Max. Insured Insured I nsured 

BxTN I. O0 O. 038 O. 044 O. 062 
BxTN 1.20 O. 007 0.010 0.013 
BxTM 1.40 0.001 0.002 0.004 
~x TN I. 60 O. 000 O. 000 0.001 
BxTH 1.80 0.000 0.000 0.000 
0.60 1.00 0.035 0.039 0.047 
0.60 1.20 0.002 0.001 0.003 
0.60 I. 40 -0. 004 -0.007 -0. O07 
O. 60 1.60 -0.006 -0.009 -0.011 
O. 60 1.80 -0. 006 -0. 010 -0. O11 

* Tile parameters for the plan are given in Exhibits l la  and IV. 
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E x h i b i t  X l [  ReLrospect ive Premiu~i Adequacy f o r  A l t e r . a t e  P]an #i 

Stdndard Prer;ii UGl : 50,000 
Loss Limit = 10,0011 

Retrospective Premlum Adequacy* 
Low Severlty Standard High Severity 

Mi,. Max. Insured Insured Insured 

BxTN l.O0 1.004 1.000 0.983 
BxTH 1.20 1.002 hOOO 0.993 
BxTM 1.40 1.001 hOO0 0.998 
BxTI.I 1.60 1.000 hO00 0.999 
~xTM 1.80 1.000 1.000 1.000 
0.60 1.00 1.002 1.000 0.983 
0.60 1.20 0.998 1.000 0.997 
0.60 1.40 0.996 1.000 1.002 
0.60 1.60 0.996 1.000 1.004 
0.60 1.80 0.996 1.800 1.006 

Standard Prel:fiuu : 150,000 
Loss L im i t  = 3U,0U0 

Retrospective Premium Adequacy* 
Low Severity Standard High Severity 

t l i  n. I.lax. insured Insured Insured 

I:. : 1.00 0.994 1.000 0.994 
Bx [;I 1.20 O. 996 1.000 O. 997 
Bx]t.I 1.40 O. 998 1. 000 O. 990 
BxTH h 60 O. 999 1.000 0.~99 
BxTM 1.80 1.000 1.000 1.000 
O. 60 1.00 O. 095 1. 000 O. 99~ 
0.60 1.20 0.998 1.000 1.003 
O. 60 1.40 O. 999 1.000 1.003 
0 . 6 0  1.60 1.001 1.000 1.004 
O. 60 1.80 I. 001 1.000 I. 005 

Standard Prerafum = 250,000 
Loss L i u i t  = 50,000 

Ret rospect ive  Premium Adequacy* 
Low Sever i ty  Standard High Sever i t y  

1'I l II • Max. I nsu red I nsured I nsu red 

BxTM 1.00 0.994 1.000 1.008 
B×TH 1.220 0. 997 1.000 1.004 
BxTfl 1.40 0.999 1.000 1.002 
Bx U.1 1.60 1. OOU 1. 000 1. 001 
Bxftl  l .  80 1. 000 1.000 1.000 
0.60 1.00 O. 996 1.000 1.007 
0 . 6 0  1.20 hO01 I.OUO 1.003 
0.60 1.40 1.003 1.000 1.000 
0 . 6 0  1.60 1.004 1.000 0.998 
0.60 1.80 1.005 1.000 O. 998 

* The insura .ce  charges used are those o f  the Standard Insured in  
[ x h i b l t  XI.  The pardmeters for" the plan are g iven in E x h i b i t s  I ia  
and I V. 
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Exhibit XIII 

Standard Premium = 50,000 
Loss Limit = (2,00U:20,000} 

Retrospective Premi,ml Adequacy for Alternate Plan #2 

Retrospective PremiLm~ Adequacy* 
Insurance Low Severity Standard High Severity 

Min. Max. Charge* Insured Insured Insured 

I1xT61 1.00 0.055 0.999 ].000 0.992 
BxTM 1.20 (3.015 0.999 1.000 0.997 
BxTM 1.4U 0.005 0.999 1.000 0.998 
BxTM 1.60 0.001 1.000 1.000 1.000 
BxTM 1.80 0.000 l.OOl 1.000 1.000 
0.60 1.00 0.055 0.998 1.000 0.992 
0.60 1.20 0.014 0.996 1.000 0.998 
0.60 1.40 0.002 0.991 1.000 1.002 
0.60 1.60 -0.002 0.998 I;UO0 1.004 
0.60 1.80 -0.003 0.998 1.000 1.004 

Standard Premium : 150,000 
Loss Li~ait : (5,000:60,000) 

Retrospective Premium Adequacy* 
Insurance Low Severity Standard High Severity 

Min. Na×. Charge* Insured insured Insured 

~xTN 1.00 0.046 0.992 1.000 1.007 
BxTl~ 1.20 0.012 0.994 1.000 1.003 
BxTN 1.40 0.003 0.998 1.000 1.002 
B×IM 1.60 0.001 0.999 1.000 1.000 
BxTM 1.80 0.000 1.000 1.000 1.000 
0.60 1.00 0.043 0.993 l. OOO 1.008 
0.60 1.20 0.006 0.997 1.000 1.006 
0.60 1.40 -0.003 1.000 1.000 1.003 
0.60 1.60 -0.005 1.000 1.000 l.OOl 
0.~," 1.80 -0.006 1.001 1.000 1.001 

Standard Premium = 250,000 
Loss Limit  : (10,000:i00,000) 

Retrospective Premium Adequacy* 
Insurance Low Severity Standard High Severity 

Min. Max. Charge* Insured Insured Insured 

BxTM 1.00 0.039 0.993 1.000 1.014 
BxT61 I.Z0 0.008 0.997 1.000 1.009 
BxTM 1.40 0.002 0.999 1.000 1.003 
BxTM 1.60 0.000 1.000 1.000 1.002 
BxIM I.~O 0.040 1.000 1.000 1.000 
0.60 l. O0 0.036 0.994 1.000 1.013 
0.60 1.20 0.003 1.000 1.000 1.005 
0.60 1.40 -0.004 1.002 1.000 1.000 
0.60 1.60 -0.006 1.003 1.000 0.998 
0.60 1.80 -0. U06 1.003 1.000 0.997 

* The parameters for the plan are given in Exhibits l ib  and IV. 
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Exhibit X]V 

Standard Premium : 50,000 
Loss Limit - (i0,000:20,0001 

Retrospective Premiur:~ Adequacy for Alternate Plan #3 

Standard Prem,1iu~ - I50,000 
Loss Limit = (30,000:60,U00) 

Retrospective Premium Adequacy* 
Insurance Low Severity Standard High Severity 

~lin. M a x .  Charge* Insured Insured Insured 

BxTN 1.00 0.0/I 0.989 1.000 1.004 
BxTN 1.20 0,022 0.992 1.000 1.004 
BxUI 1.40 0.008 0.995 1.000 1.001 
BxTM 1.60 0.003 0.998 1.000 1.000 
BxFt4 1.80 0.001 0.999 1.000 1.000 
0.60 1.00 0.064 0.991 1.000 .I.007 
0.60 1.20 0.008 0.997 1.000 1.004 
0.60 1.40 -0..009 1.001 1.000 1.002 
0.60 1 .60  -0.014 1.003 1.000 0.999 
0.60 1.80 -0.016 1.004 1,000 0.999 

Standard Premium - 250,000 
Loss Limit = (50,000:100,0001 

Retrospective Premium Adequacx* 
Insurance Lo~ Severi ty Standard High Severi ty 

Nin. Max. Charge* Insured Insured insured 

BxTM l. UO 0.058 0.980 1.000 1.019 
BxlH 1.20 0.016 0.995 1.000 1.013 
BxIl.1 1.40 0.005 0.997 1.000 1.006 
bxT~I 1.60 U. O01 1.000 1.000 1.003 
BxTN 1.80 0.000 1.00U 1.000 1.002 
0.60 1.00 0.051 0.994 1.000 1.014 
0.60 1.20 0.004 1.001 1.000 1.003 
0.60 1.40 -0.009 1.005 1.000 0.996 
0.60 1.60 -0.013 1.007 1.000 0.992 
0.6(I 1.80 -0.014 1.0U7 1.000 0.991 

* The parameters for the p]an are given in Exhibits l lb  and IV. 
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Retrospective Premium Adequacy* 
Insurance Low Severity Standard Higi} Severity 

Mln. Max. Charge ~ insured insured Insured 

BxTM 1.00 0.029 hO00 1.000 0.987 
BxTM 1.20 0.078 0.999 l. O00 0.992 
BxTN 1.40 0.026 0.998 1.000 0.995 
BxTH 1.60 U.010 0,999 1.000 0.997 
BxTN 1.80 0.004 1.000 hO00 1.000 
O. OO 1.00 0.07/ 0.99~ 1.000 0.988 
0.60 1.20 0.019 0.995 1.000 1.000 
0.60 1.40 -O.ONI 0.995 1.000 1.009 
0.60 1.60 -0.008 0.996 hOOO 1.012 
0.60 1.80 -0.011 0.996 1.000 1.014 



Exhibit XVa Multi-Exposure Insured 

Standard Pr~nium for: High Severity Insured = 150,000 
Standard Insured = 50,000 
Low Severity Insured = 50,000 

Total 

Hi n. Hax. 
Indicated Insurance Char9e* 

No Loss Limit 50~O00 Loss Limit 

BxTH 1.00 O.183 0.047 
BxTM 1.20 O. 115 0.01I 
BxTM 1.40 O.OgO 0.002 
BxTH 1.60 0.057 0.000 
DxI~l 1.80 0.042 0.000 
0.60 1.00 0.175 0.044 
0.60 1.20 0.0~6 0.003 
0.60 1.40 0.033 -0.006 
0.60 1.60 -0.002 -0.009 
O. bU I.U0 -0.02~ -0.009 

Exhibit XVb Multi-Exposure Insured 

Loss Limit : 50,000 

Retrospective Premium 
l hn. Hax. insurance Char�e** Adequacy* 

Bx IH l, 0D O. 044 I. 00l 
BxTH i.Z0 0.010 1.000 
I]xTH i.4U 0.002 1.000 
bxTI1 i. bO O.O00 1 .O00 
Bx Trl I. ~() O. 000 0. 999 
0.60 I.OU 0.039 I.O01 
0.60 1. ZU 0.001 1. 001 
0.60 1.40 -0.00l 0.999 
0.60 J.6u -0.009 U.999 
0.60 1.80 -0.010 0.999 

* The para~:~etevs for the plan are given in Exhibits l la and IV. 

"* From Exhibit X]. 
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AN ANALYSIS OF RETROSPECTIVE RATING 

by Glenn Meyers 

Revlewed by James F. Colz 

Glenn Heyers has written a fine, concise paper. He begins with 

hypothetical loss distributions representing low, standard, and 

high workers' compensation severities. Cabining these with a 

Polsson frequency distribution, he demonstrates how our present 

retrospective rating procedure fails to react properly to severity 

differences and how it overcharges (at least theoretically) when 

loss limits are selected. Heyers notes that a complete computer 

modeling of the interaction among excess loss premium factors, 

insurance charges, and frequency and severity distributions is 

still a lengthy process. However, he observes that once excess 

less premium factors are properly accounted for, the remaining 

irLsurance charge is approximately equal regardless of the severity 

dlstr~hutlon. Thus, for practical reasons, he suggests that either 

a limited number of loss limits or a single mandatory loss limit he 

imposed. 

Our first task, as Meyers observes, should be to confirm his con- 

eluslorLs using actual data. The adjustment of reported workers' 

compensation data to a suitable level for analysis will be an inter- 

esting task in itself. The claims will, of coorse, have to be put 

on the level of the corrent law. The late recognition of many 

severe claims and the present valuing of pension claims will com- 

plicate the development of individual claims to ultimate cost levels. 
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The frequency and severity distributions may even have to be 

adjusted to reflect changing benefit utilization patterns. 

There may be a practical difficulty in implementing Meyers's sugges- 

tion to restrict the n~ber of loss limits available. Our retro- 

spective rating plans have grown to their current level of detail 

in response to the competitiveness within our industry and the 

demands of the marketplace. I suspect that many underwriters would 

rather have some protection from even an unbalanced retrospective 

rating plan than not be able to use retro st all as a defensive 

tool. 

A further complication arises from the fact that retrospective rat- 

ing plans are employed in audited lines of insurance. We face not 

only the problem of combining states, lines and severities for quo- 

tation purposes, but also of determining the rating parmmeters at 

adjustment time. Although we live in an age of computers, not 

everyone has access to them. Therefore, our retrospective rating 

plans should be simple enough for manual calculation and adjustment. 

Recently the National Council on Compensation Insurance considered 

proposing that insurance charges be determined using expected n~ber 

of claims (which would vary by hazard group) rather than expected 

loss dollars. This would have been a reflection of risk severity, 

much as Meyers proposes. However, the matter was eventually dropped, 

apparently for fear that the retrospective rating process would become 

too complex. 
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Meyere d e f i n e a  the  basic premium f a c t o r  to  i n c l u d e  a l l  expenses  

o t h e r  than  t a x e s  and l o s s  a d j u s t m e n t  e x p e n s e s .  This i s  a useful 

simplification often adopted for educational purposes. However, 

the expenses remaining in the basic premium are actually a func- 

tion of the loss conversion factor, and many plans are sold with 

loss conversion factors higher or lower than the actual relation- 

ship of loss adjustment expenses to losses. It should be noted 

that such plans can be analyzed by Meyers's methods by using the 

actual relationship of loss adjustment expenses to losses in 

the "cost-plus" formula and the selected loss conversion factor 

in the "retrospective premium" formula. 

I t  will be interesting to see whether Meyers's suggestions can be 

implemented for all retrospective rating. In any event, 1 expect 

the wise company will soon apply severity analyses of this sort to 

the pricing of large accounts. 
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Aggregate loss probability is an effective tool in actuarial rate 

making, risk charging, and retention analysis for both primary and 

secondary insurance companies. A noticeable trend over recent years 

indicates that i t  also is becoming an indispensable element in the risk 

management operations of many manufacturing and commercia] firms. Some 

major insurance brokerage houses in the U.S., in step with the trend, 

already employ this technique routinely in selecting a retention plan 

for their clients. In i ts broadest form, the application extends beyond 

the actuarial domain into the broader area of corporate financial planning. 

Host existing procedures for estimating aggregate loss probability 

distributions have significant disadvantages. Most often, these disadvan- 

tages are associated with inadequate treatment of skewed data. The 

purpose of this paper is to present a recently developed technique which 

seems to handle the aggregate loss estimation problem more effectively. 

The f i r s t  section presents a brief review of the strength and weakness 

of most popular techniques currently in use. This is followed by a 

brief description of the newly developed technique. Next, the results 

of a comparative study of the cost and effectiveness of these alternative 

procedures are reported. Finally, we i l lustrate the impact of improved 

aggregate loss estimation on the pricing of reinsurance. An appendix 

contains the mathematical derivation for those who would like to verify 

our results. 

S.tandard Aggregate Loss Estimation Procedures 

In dealing with the estimation of aggregate loss probability, there 

are three fundamental approaches commonly in use. They are analytical, 

approximation, and simulation models. Each is distinguished from the 

others by its own characteristics, advantages and disadvantages. The 
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pure analytical model I generally is the most accurate. The handicap is 

that i t  can be applied to only a few distr ibut ion types. A frequently 

used approximation model is the Normal Power approximation. This is easy 

to implement but yields disturbingly large approximation errors when 

applied to highly skewed data. 2 Another less well-known approximation 

technique is the Gamma approximation, 3 which seems more accurate than the 

NP approximation in most occasions. 4 The only weakness of the Gamma 

approximation is that, l ike the NP approximation, i t  does not respond 

to the sensitive choice of frequency distr ibut ion. Simulation modeling 

is perhaps the most widely used technique in the f ie ld  of management 

sciences; however, l ike the other techniques, i t  has disadvantages, 

too. F i rs t ,  since the error brought on from simulation is s tat is t ica l  

rather than mathematical, i t  can be reduced s igni f icant ly  only by 

increasing considerably the number of i terat ions. 5 This would be an 

unfavorable element should the consideration of computing time and cost 

become crucial. Secondly, simulation is a brute force technique and 

offers limited insight into how a system works. Thus, any sensi t iv i ty  

analysis or optimization drawn from a simulation model is v i r tua l l y  a 

t r ia l  and error process and can not be jus t i f ied  mathematically. 

l 
See Appendix a for a summary. 

2 
Reports compiled from experiments decline to recommend the use of NP 
approximation on data of skewness exceeding I or 2, see [ 2 ]  and ~13] . 

3 
See Appendix C for background materials on this technique. 

4 
There is a controversy in the l i terature [16] and [18] concerning which 
approximation is superior. In our study, we found out that at least 
for the distributions l isted in this ar t ic le ,  the result for the gamma 
approximation is much better than that from the NP approximation. 

5 See Table 7.1 given in [2~ , p. 93 For relat ion between the degree 
of error and number of i terations. 
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The aim of this paper is to introduce a new model which is designed 

to meet the dual requirements of accuracy and simplicity in implementation. 

Our approach is a blend of the analytical and approximation models. I t  

is approximate, because the answer is not the exact, and analytical 

primarily because the formula is derived from the fundamental character- 

is t ics of col lect ive r isk theory. To demonstrate the precision of our 

model, apart from the mathematical deduction attached as an appendix, 

we compare the results of the new model with those where the exact 

probability can be calculated d i rect ly  using the analytical method. 

A New Model (Modified Gamma Approximation 1 

Aggregate loss, occurring as a random process, is compi]ed from two 

variables: one is identif ied as the number of claims experienced in a 

given time span (normally one year) and denominated as the "frequency 

of loss." The other is the size of an individual claim and is termed 

the "severity of loss." Joint ly,  frequency and severity determine total 

or aggregate loss from al l  claims in the given time span. The most 

often, used frequency distributions are poisson and negative binomia]. 6 

For severity distr ibut ions, experience 7 indicates that normal, gamma, 

inverse normal, pareto, log-normal and log-gamma 8 are appropriate for 

casualty and property insurance. 

6 Some authors also recommend a third type, the generalized Waring 
distr ibut ion, for details please see {Ig~ . 

7 See t31 , [81 , ~0] , [111 , and I lS]  . 
8 

A summary of these distr ibutions can be found in Appendix A. 
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For convenience, we shal] adopt the term generalized poisson model 

for the aggregate loss distribution which uses the poisson distribution 

as the frequency function and leaves the choice of the severity function 

open. Similarly, the generalized negative binomia] mode] reflects the 

application of the negative binomial distribution as the frequency 

function. 

To describe our formula, we need the following statistics which 

can be estimated 9 from the samp]e data: 

o; 
and statistics which can be derived intr insical ly: 

: frequency mean 

: frequency standard deviation 

: severity mean 

: severity standard deviation 

/~ : aggregate mean (e.g., the product of 
and M~ )I0 

• L : aggregate standard deviation ( e . g . , ~ ( ~ * ~ )  
for the generalized poisson mode] a n d ' ~ + ~ L  
for the generalized ~.b. model) lO M~ P 

~# : severity skewness 

Our fommula states that the probability F(,) of annual aggregate loss 

less than or equal to x is given by: I I  

~) 

9 See [7] for the estimation of these statistics. 

I0 See I14] p. 179 for the derivation. 

11 The derivation of formula (1) and the subsequent tables are given 
in Appendix D. 
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where functions ~ '0 and ~ in the integrand are defined by: 

Table I 

Model 

General ized Poisson 

Generalized NB 

and f u n c t i o n s ~  and ~ )  in both models are given by: 

Table 2 

The only quantity which has not been expressed expiicitely in the formula 

is the severity skewness ~b • Since each of the six severity d is t r i -  

bution functions has exactly two parameters, each is defined and 

described completely by the severity sample mean and standard deviation. 

All the other quantities, including ~m , depend ultimately on the type 

of the severity distribution chosen; that is on the sample mean and 

standard deviation. The corresponding severity skewness of the six 

alternative severity distributions are tabulated as follows: 12 

12 

13 

Table 3 

Type Skewness 13 ~# 

Normal O 

The derivation of Table 3 is given in Appendix A. 

I f  the skewness is zero, replace i t  with any small number (e.g., I0 "9) 
in the computation, since dividing by zero is prohibited in our 
formula. 
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Inverse Normal 3 ( ~  • 

Pareto 14 ' ~ I ( ~  

,..og-norma, 3) 
Log_gamma 14 ,~J~ 

Formula (%) and its consequent computations may seem complex in 

the form shown above. However, the implementation is quite simple. Any 

standard numerical integration technique would handle the computation 

effectively; for example, the extended Simpson's rule is adequate to 

calculate the integration in (1) and is easy to code in any scientif ic 

programming language. A practical discussion on the use of extended 

Simpson's rule and the truncated range of integration in formula (I) 

is given in Appendix D. 

Effectiveness of the Modified Gamma Approach 

From a conceptual point of view, the new model seams to satisfy 

the objective of increased accuracy at nominal cost. The ultimate 

test, however, lies in its effectiveness in handling actual loss data. 

By combining the poisson or negative binomial (for frequency) with 

the normal, gamma, or inverse normal (for severity) i t  is possible to 

compute an exact aggregate distribution using the pure analytical method'(A). 

14 

15 

In the cases of the pareto and log-gamma'distributions, the skewness 
may not always exist; i t  depends on the relation between the sample 
mean and standard deviation. Thus, i f  the following conditions 

3~w~ > ~ for pareto , 

are not met, the new model is not applicable. See Appendix A for 
details. 

Since the skewness of log-gamma does not admit any closed form in 
terms of the sample mean and standard deviation, i t  is best expressed 
by its functional parameters, see Appendix A. 
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This procedure was used to provide a series of contro] distributions 

for a comparison of the relative accuracy of the normal power approxi- 

mation (NP), standard gamma approximation (G), and the new, modified 

gamma approximation (MG). 

In the analysis each of the four methods was used to generate 

aggregate probability distributions for several sets of hypothetical 

loss data. The primary variation in the data reflected differences 

in skewness (from a relatively modest .5 to a substantial skewness 

factor of 5). The points on the probability distribution were chosen 

in terms of standardized deviations from the mean rather than in 

absolute dollar amounts. Calculations were made ut i l iz ing both the 

generalized poisson and the generalized negative binomial models. 16 

Exhibit I, presents three sets of data for the generalized poisson 

model, as does exhibit [I for generalized negative binomial model. In each 

set, the severity type, severity coefficient of variation and frequency mean 

are selected (in the case of negative binomial the frequency variance is 

also required), and the aggregate skewness is calculated by the aid of Table A6 

given in appendix C2. Two auxiliary exhibits, labeled by la and IIa respectively, 

.display the difference between results obtained from analytic method and the 

other three methods. At the bottom row, their variances, calculated by summing 

the squares ofthe difference dividing by the number of rows, are comouted 

respectively. 

16 
The objective of the analysis was to uncover any systematic bias 
or approximation errors inherent in the alternative approximation 
techniques. In normal practice the candidate distributions would be 
determined by a goodness of f i t  criterion. 

- 365 - 



As can be seen from both exhibits I and I I ,  the new model clearly 

is superior to the other two approximation models in all scenarios. 

The discrepancy of NP approximation is particularly serious not only on 

highly skewed data but also on modestly skewed data (e.g., ~=~.) .  Also 

notice that in both~e generalized poisson and negative binomial models, 

the results from the standard gamma and NP approximation are determined 

ultimately by the skewness, e.g., the differences in the control d is t r i -  

butions reflecting the choice of frequency distribution are not captured 

by either traditional approximation methods. The new model does detect 

the difference between poisson and negative binomial frequency distributions. 

Finally, we want to indicate the degree of sensit ivity of the estimated 

aggregate loss probability to the selection of the tYDe of severity function. 

Exhibit IV asstm'tes that the frequency distribution is poisson (with mean = 60.383) 

and the estimated severity coefficient of variation is equal to 4. I f  the severity 

function is the inverse normal the aggregate skewness would be 1.5. The same 

parameter would be 9.02 for log-normal. AIso a tai l  appears in the aggregate 

picture when the log-normal is selected for the severity. .This phenomenon can 

be explained mathematically by the following observation: given a severity 

sample mean and variance, the magnitude of the severity skewness, according to 

Table 3, can be arranged in the following increasing order: 

normal, gamma, inverse normal, 
pareto } 

log-normal 

Since the aggregate skewness varies along with the severity skewness, the 

selection of log-normal as severity function always yields a larger aggregate 

skewness than does the selection of inverse normal. 
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Increased Limits Factors for Stop-Loss Reinsurance 

One of the practical applications of estimating aggregate loss 

probability is its use in excess of loss pricing, aggregate pricing and 

stop-loss reinsurance. The case of excess of loss pricing has been 

covered extensively in a recent article by Robert S. Miccolis. 17 We 

would l ike to concentrate on the latter two situations here. 

Aggregate pricing and stop-loss reinsurance are fundamentally one 

concept. Stop-loss reinsurance is a process which transfers the risk 

above an aggregate limit to a reinsurer. Aggregate pricing structure 

can be envisaged as zero l imit stop-loss reinsurance pricing structure, 

e.g., the reinsurer absorbs all the loss. Thus, as far as the pricing 

structure is concerned, we can treat aggregate pricing as a special 

case o f  stop-loss reinsurance pricing. 

I f  F(x), as before, represents the aggregate loss probability 

distribution, without an aggregate l imit ,  then let Ei~) be the 

truncated distribution where an aggregate limit L is introduceds~ ~ and 

~L are respectively the mean and standard deviation of E ~  ). The 

formula for premium, excluding loss expense, charged for stop-loss 

coverage of an aggregate l imit  L is given 18 as follows: 

17 

18 
See t lS] .  
See [5 ]  p. 85-87. An .al ternate suggestion for  the safety loading 
in formula (2) is to use the standard deviat ion ~r~ instead of  
variance ~ ,  see ( I ]  . 
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where the loading coefficient C generally is chosen from experience. I f  

L is zero (e.g., this is a full stop-loss coverage for the primary carrier) 

~d L and (~'L become aggregate /M and O" as specified before. Suppose a 

is the loss expense ratio, then the total premium charged for a stop-loss 

coverage with limit L is (Ha)~ • Then by definition, the increased l imit 

factor,~(L), of a stop-loss policy limit L imposed on a stop-loss basic 

l imit L e is 
Total premium of policy l imit L 

~ (L ) -  Total premium of basic l imit L o 

('°)P~. &o*,~:  
A formula is needed to ca lcu la te  [w~. and ~'L " This can be worked 

out from the truncated distribution FL(~ ). Since the aggregate loss of 

the reinsurer under a stop-loss coverage with a policy l imit L is 

reduced by an amount of L dollars, the probability FLtW ) is given by: 

F,~) = Fr,~L ) (4) 
Hence, the ~Ik~ moment,~ULj ~ accordingly is defined by: 

= 1:" ,~aFt,~L) 

(replaced variable x+L byx ) 

= J~{,-L)J'aF(.) 
part icu lar ly ,  when j = I and 2, we have 

/",. = =C"JR"-/,* L " r "  

I"L,, =/~" t j'aF~.~ 

=/2,,~t=,.)-/~',,ua.)-zL~.-L~,~m~÷L'Ca~> 

=~+i.'-J~'.'aP.)-zL~, *P(,-R,~) r~> 
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Notice that ~r~m~&, - ~  , thus two more values: 

have to be calculated before we compute formula (3). For this, the 

precise form of ~ )  would come into play. Since by (1), 

d Ft, O 
- Z 

Substitute dF{~) in (7) by (8). We have 

(exchange the order of integration) 

NOW the f i r s t  integrand ~£, i~ I (1 '~ '~ '~ ] )~X(denoted by ~ ( i ' l )  

qD 

IgJ 

~) 

in (9} 

has a closed form, and the desired values are given as fol|ows: 

Table 4 

~m 
L'¢~,~(L¢,~R,) , ,L#(o,(:t# ÷tin) 

f,J 

where g(t) and f ( t )  are given as before in Tables I and 2. 

In summary, the increased limits factor I(L) is calculated by 

formula (3), where ~mOf . ,~wi th  ~a,, and ~/.,Kgiven by (5) and (6). 

Whereas in formula (5) and (6), ~L~3Jf~,~,~is calculated by: 

Tab]e 5 
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The integrations in Table 5 can be handled by any numerical integration 

technique as discussed before, e.g., extended Simpson's rule, etc. 

Exhibit I l l  i l lustrates an increased l imits table derived by formula (3) 

and tables 4 and 5. 

Conclusion 

The effectiveness of the estimation of aggregate loss probabil ity 

and the aggregate pricing model introduced in this a r t i c le  w i l l ,  to a 

great extent, depend on how consistantly the loss-experience data is 

treated. In our model, we assume that al l  the losses have already been 

adjusted to the present or ultimate level. That is: losses have been 

developed to the ultimate; IB~R has been adjusted and inf lat ion has 

been trended to the forecasting year, etc. The reason that we did not 

discuss those in here is because they are rather standard actuarial 

techniques practiced in most areas of rate-making and have been covered 

extensively elsewhere in the l i terature.  19 

The analysis shown above indicates that for many classes of 

distributions the new modified gamma approximation is superior in 

estimation accuracy and poses no signif icant increase in computation 

e f fo r t  or expense. The new technique thus, is potent ial ly valuable 

in more ef fect ive pricing of certain classes of reinsurance. 

19 
An alternate approach is to incorporate those effects into the 
parameters of distr ibution as suggested in [12] and [15~ . 
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Exhibit I 

Generalized Poisson Model 

Aggregate Probability F(X ) (%) 

: .5, Sev = Gamma ~ = l , Sev = Inv. Normal 

A MG G NP A MG G NP 

~ = 5, Sev = Gamma 

A MG G NP 

-I.5 4.87 4 .87  4 .87  5.04 

-I 15.58 15.58 15.56 15.87 

.5 32.93 33.09 33.06 33.28 

0 53.14 53.33 53.33 53.30 

.5 71.28 71.32 71.33 71.14 

l 84.33 84.33 84.35 84.13 

1.5 92.30 92.30 92.31 92.16 

2 96.56 96.56 96.56 96.49 

3 99.44 99.44 99.46 99.45 

4 99.93 99.93 99.93 99.94 

5 99.99 99.99 99.99 99.99 

2.49 2 .60  1 .90  2.28 

14.17 14.21 14.29 15.87 

34.69 34.79 35.28 36.16 

56.33 56.36 56.65 56.45 

73.52 73.51 73.50 72.76 

85.05 84.99 84.88 84.13 

91.99 91.85 91.82 91.29 

95.86 95.80 95.76 95.45 

98.98 98.98 98.97 98.90 

99.77 99.77 99.77 99.78 

99.95 99.95 99.95 99.96 

q 

78.49 78.47 78.52 71.44 

87.18 87.20 87.20 78.81 

91.44 91.44 91.46 84.13 

94.00 94.00 94.01 88.05 

95.68 95.68 95.68 90.97 

97.63 97.63 97.63 94.81 

98.64 98.64 98.64 97.01 

99.20 99.20 99.29 98.27 

Frequency Mean I00 77.84 100.5 

Severity Coefficlent 
of Variation 2.5 3 25 

Note: (*) Points below zero dollar l imit. 

( I)  All four models are calculated by a HP-19 programmable calculator. 
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Exhibit II 

Generalized Negative Binomial Model 

Aggregate Probability F{~ ) (%) 

~ . ~  ~ = 2~Sev : Normal ~ : 3~Sev : Normal 

A M6 6 NP A MG G NP 

-1 .5  * * * * * * * * 

- I  * * * * * * * * 

- .5 39 .86  39.32 39.35 42 .97  40 .43  40.63 41.11 50.00 

0 63.51 63.39 63.21 61 .90  69.33 69.35 69.25 66.06 

.5 78 .03  78.10 77.69 75.16 81.57 81.49 81.41 76.79 

l 86.71 86.77 86.47 84 .13  88.37 88.42 88.29 84.13 

1.5 91.95 92.01 91.79 90.04 92.47 92.52 92.40 89.18 

2 95.13 95.09 95.02 93 .84  95 .05  95.08 94.99 92.64 

3 98.33 98.32 98.17 97 .72  97.79 97.78 97.75 96.63 

4 99.40 99.40 99.30 99 .19  98.99 99.00 98.96 98.47 

5 99.78 99.78 99.75 99 .72  99 .53  99.53 99.51 99.31 

Frequency Mean 90.25 I l l  

Severity Coefficient 
of Variation 2 

= 5 , Sev = Gamma 

A MG G NP 

• , * * 

78.61 7 8 . 5 9  7 8 . 5 2  7 1 . 4 4  

87.22 87.21 87.20 78.81 

9 1 . 4 6  9 1 . 4 6  9 1 . 4 6  8 4 . 1 3  

94.01 94.0l 94.0l 88.05 

9 5 . 6 7  95 .67  9 5 . 6 8  9 0 . 9 7  

97.63 97.63 97.63 94.81 

9 8 . 6 4  9 8 . 6 4  9 8 . 6 4  97 .01  

99.20 99.20 99.20 98.27 

lO0 

25 

Note: (*) Points below zero dol lar l imi t  

{I)  All four models are calculated by a HP-I9 programmable calculator. 
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Exhibit la 

Generalized Poisson Model 

Variances of Modified Gamma, Ganma and NP 

vs Analytical Model 

~= .5 Sev = Gamma 
Z(= x~ t--~ ) MG/A ~ NP/A 

-1.5 0 0 .17 

-I 0 -.02 -.01 

-.5 .16 .13 -.65 

0 .19 .19 .16 

.5 .04 .05 -.14 

I 0 .02 -.20 

1.5 0 .Ol -.14 

2 0 0 -.07 

3 0 .02 .Of 

4 0 0 .Ol 

5 0 0 0 

= l Sev = Inv.Normal 
MG/A G/A NP/A 

.ll -.59 -.21 

.04 .12 1.70 

.lO .59 1.47 

.03 .32 .12 

-.01 -.02 -.74 

-.06 -.17 -.92 

-.14 -.17 -.70 

-.06 - . l  -.41 

0 -.Ol -.08 

0 0 .Of 

0 0 .Ol 

= 5 Sev = Gamma 
MG/A G/__.A NP/A 

x x x 

x x x 

x x x 

-.02 .03 -7.05 

.02 .02 -8.37 

0 .02 -7.31 

0 .Ol -5.95 

0 0 -4.71 

0 0 -2.82 

0 O. -1.53 

0 0 -.93 

Variance 
vs Analytical 
Model 

.006 .005 .051 .005 .080 .652 0 0 30.243 
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Exhibit l l a  

Generalized Negative Blnomijl Model 

Varlancesof Modified Gamma, Gamma and 
NP vs Analytical l,~del - 

z(= w~# ~ ) 

-1.5 

-I 

-.5 

0 

.5 

l 

1.2 

2 

3 

4 

5 

= 2 Sev = Normal ~ o 3 Sev = Normal 
MG/A G/A NP/A MG/A G/A NP/A 

x x x x x x 

x x x x x x 

-.54 -.51 3.11 .20 .68 9.57 

-.12 -.30 -l.61 .02 -.08 -3.27 

.07 -.34 -2.87 -.08 -.lO -4.78 

.06 -.24 -2.58 .05 -.08 -4.24 

.06 -.16 -l.91 .05 -.07 -3.29 

-.04 - . l l  -I.29 .03 -.06 -2.41 

-.Of -.16 -.61 -.Of -.04 -l.16 

0 -.lO -.21 .Ol -.03 -.52 

0 -.03 -.06 0 -.02 -.22 

~ =  5 Sev = Gamma 
MG/A G/A NP/A 

x x x 

x x x 

x x x 

-.02 -.og -7.17 

-.Of -.02 -8.41 

0 0 -7.33 

0 0 -5.96 

0 .Ol -4.70 

0 0 -2.81 

0 0 -I.63 

0 0 -.93 

Variance 
vs 

Analytical 
Model 

.036 .066 3.654 .006 .055 17.933 .000 .001 30.612 
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Exhibit I l l  

Sensi t iv i ty on the Selection of Severity Distribution 

Aggregate Probabil i ty (%) 

Frequency = Poisson 

Frequency mean = 60.383 

Severity coeff icient of variation =4 

Z = ( ' ~ )  Inv. Normal log-normal 

-1.5 0 .01 

-I 10.71 .02 

-.5 37.34 8.07 

0 59.98 74.7] 

.5 75.66 92.52 

I 85.64 94.92 

].5 91.70 96.23 

2 95.28 97.09 

3 98.52 98.15 

4 99.55 98.77 

5 99.87 99.15 

Severity skewness 12 68 

Aggregate skewness 1.5 9.02 
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Increased Limited Factors Exhibit IV 

(1) (2) (3) (4) (5) (6} (7)* (8)* 

o" 

-1.5 .04871o .284267 .186949 1.324071 11.745089 1.353434 3.14457 

-1 .155801 .362889 •860435 1.061534 13.363123 1.094942 2.54399 

-.5 •330885 .885834 2.425967 .680985 14.5438ii .717345 1.66668 

0 .533291 1.58903i 4.873]83 .397018 13.354i80 .430403 1.00000 

.5 .713208 2 .302312  7.704674 .210377 I0.460275 .236528 •54955 

l .843333 2.882251 10.292049 .i01770 7.101659 .119524 .27770 

1.5 .923029 3 ,276798 12.246940 ,045233 4.248274 .055854 .i2977 

2 .965591 3 .508574 13.509924 .018602 2•273409 .024286 .05643 

3 .99460! 3 .685267 I4.588247 .002567 .490539 .003793 .00881 

4 .999351 3.71884I I4.825890 .000284 .077647 •000478 ,00111 

5 .999937 3.723562 14.863940 .000026 .009605 .000050 .00012 

(*) Parameters: Frequency mean = 100.551724, severity coefficient of variation : 2 . 5  aggregate coefficient~-:JT~@IJB 

laoding coefficient c = .0025*0" . Aggregate mean is selected as the stop - loss basic policy l imit  

Note: Columns (2), (3) and (4) are calculated by using extended simpson's rule with integration range Lg~ioJ 
subdivided into 50 intervals. 

i 
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Appendix 

A, Backgrounds on distributions listed in this naDer. 

AI. Function tj, ipes 

Table AI 

Frequency Distributions 

Type Density Function ~(n) Range of Earameters 

Poisson e-~An/~l A ~0  

Negative Binomial 20 ~ . ~ } w ' ( ~ } F } ) ~  4,J'~°. O ~  

Table A2 

Seyerity. Distribution~ 

Cumulative 
Type Notation Dist. Function Range of parameters 

G~ G(x~b,~,) - ~ r . ~ ; ~  ~,~o 
Inverse Normal ~ (XIQ, ~) ~e-~'~'~,~ R,~,O 

Pareto p(Xi ¢illi) ~ - O .I. ~ ) ' ~  c ,o, ~I a (  

A2. Characteristic Functions 

A powerful feature in the study of distribution Functions and their 

moments is the characteristc function. ~(~),  associated with a given 

distribution function F. which is defined as 21 

~O. T.e p~oete ,  a~ given b~: ~: c~-~, ~/,/ ~ d ~ - ~ , ~  
see [q] p.167 

zl .  See E~] Chap. 4 
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where i = ~ is the imaginary number. The overwhelming advantages of 

using the characteristic function is evident from the following: 

(1) A moment generating function is defined over real nomber; the 

characteristic function is i ts complex analogue. I t  retains all the desir- 

able properties of the mo~nent generating function and unlike 

the moment oenerating function, i t  always exists; 

(2) a standard mathematical technique known as the Laplace transformation 

(or Fourier transformation) asserts that as long as the characteristic 

function is known, one can rediscover the associated distribution 

function. This invertible property (not valid for moment generating 

function) offers an algorithm to compute the aggregate loss probability 

directly. 

Without using these two features of characteristic functions, 

the derivation of our formula for the new model would be v i r tual ly 

impossible. 

Among the six severity distribution functions listed in Table A2, only 

the f i r s t  three have an explicit Form for their characteristic function. 

The last three do not admit any closed form for the characteristic functions. 

We wil l  derive the characteristic function of the inverse normal distribution here, 

22 and leave that of the normal and gamma to the interested reader. 

~.etting the variable ~ ' ~  in the c.d. f of inverse normal (Table A2), 

we have 

22. See {9] pp. 147 and 152 - 381 - 



NOW, observe that 2&J~:d(~Fa/~.) + , ~ ( ~ - : I ~ - ) ,  thus 

= l 

mxtsettingvariable~.&J+a/~- in the f i r s t  integral and ~ = ~ - # ~  in the 

second, i t  follows that 

(change ~ : ' I ~  ) 
L r 4.m, ,.~,-a~ +F~-/,~i I e-I'/, d~ 

Thus, we have a practical form for the inverse normal distribution 

expressed in terms of the normal distribution: 

I(~,;a,s) = = '~r ~ , - d , ~ ; o , 1 )  
The calculation of the characteristic function follows closely the 

approach ~idq led to the derivation of formula (l l ) .  In fact, by defini t ion, 

~e joe - 

(change ~ -- #"[~ ) 

Compare the form inside the oarenthesis with the r .h .s  of  ( I0 ) ,  i t  is ident ica l  

to I(~;f~, b )13taking~ the fact that cumulative probability is a]ways equal t~ 

I when the argument tends to i n f i n i t y ,  then 

~3w~ ) = ex r (~b(.-~T)) (~) 
The comparable results for the normal and gamma distributions are given by 

{ ~ m  = e~Hi~ t , -~e  ; ,  for norm°, (13) 

~ m  = { | ° ' ( V b )  ° ~  1 for  gamma 

2-3-.-Since parameters of d i s t r i bu t i on  have to be real numbers, while, here we have 
complex numbers involved, i t  is thus confusing to use same notat ion. However, 
in this par t i cu la r  case (and except this ambiguous notat ion) the property of  
d i s t r i bu t i on  s t i l l  holds in the extended s i tua t ion ,  see M Abramowitz and 
I .A.  Stegan: "Handbook of Mathematical Functions" Mational Bureau of Standards, 

- 382 - 
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A3. Background information on the Inverse Normal Distributio_n. 

An immediate consequence of deriving the characteristic function is 

that one can readily determine the cumulantS of a givwn distribution 

function. Since, by definit ion, log ~O..(t) can be formally expanded as 

follows: 24 

where ~## ~ and T# are the mean, variance and skewness of S.  Now, appl~ (S4) 

to inverse normal d i s t r i bu t i on ,  we have 

t 

From a comparison with the right hand side of (14), i t  can be deduced that 

Next, solving the f i r s t  two equations for  a and b, and placing the resul ts 

in the last  equation, i t  can be seen that:  

A4. The skewness of severity/ d i s t r i bu t i on  

The last equation of  ( l l )  proved the case of inverse normal d i s t r i bu t i on  

stated in Table 3. The case of the normal is qui te s t ra ight  forward, since: 

24. See[gJ formula (4.3.3) p. 111, note that in [ 9 ] ,  the term semi-invariants, 

instead of cumulants, is used. 
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thus ~h~=oi.e., ~=o. As for the gamma distribution: 

log %(,~ =-/, .Is (~-~dh) 

or &=1,16,,¢=i,/~/' a°d &~'=~*l~{ ,t follows that 

which completes the case for the gamma distribution. 

For the other three types, i t  is necessary to use an alternative definition 

of skewness, which ( i f  i t  exists) is 25: 

= , ~ ' ~ ( £ t ~ ' 1 - J N E [ e J  +z~/) {,6) 
In carrying out the calculation of the f i rs t  three moments of the pareto, 

log-normal and log-gamma distribution, we have the following table: 

Table A3 

Type E(X) E(X 2 ) E(X 3) 

I og-gamma (i" qa)'r (I-21a)-v" (,- ~la )-4, 

where in order to ensure the existence of the integration in the derivation of the 

3rd moment, the following conditions have to be satisfied: 

/ ~ )3 t in pareto case (~7) 

)'3n in log-gamma case 

?5. See [q] P. 73 
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By solving the f i rs t  two columns of Table A3 for parameters in each case 

and substituting the results in the last column and in formula (16), we have the 

following table: 

Table A4 

Type Parameters Skewness 

l og-gama'' (2 

By using an expl ici t  value for m in (17)~ the assertion of the footnote 14 

for the pareto case is established. For the log-gamma case, since ( | / ~ )  is 

the root of H~-,x ) (see footnote 26) and the graph of H(@.x.) can be 

portrayed as follow: 

H 

H(.,J) 

| X 

where (~-2)/2(E,-I) is a local minimum point of H(G~X). Thus the requirement 

of (17) asserts that ( ~ ) ( ~  ,~vhichis equivalent to ~.l(~. I/~)~0 s Or 

We thus prove the last assertion of footnote 14. - 385 - 

26. Since from the f i r s t  two colums in Table A3, we have ~ / l~ )=- I# ' ,~e~ l° ' l /Q)  
log ( ~ z # ~  ) : - v log  (.L-X/G), hence ~ )  is the solut'Ibn of the fo l lowing 
equation " "  



B. Anal~tical Model 

A fundamental equation in collective risk theory demonstrates that the 

aggregate cumulative distribution function F(z) of annual aggregate loss less 

27 thanorequal to Z, is given by 

where sn*(~) is the nth convolution of S or, equivalently, the cumulative 

distribution ofexactlynclaims with total loss less than or equal to Z and 

p(~,) is the frequency density function as listed in Table AI. 

Formula (18) has practical value only when the characteristic function 

of S has a closed form, so that the precise form of sn*(z) can be derived. 

Among the severity functionsin Table A2, only the f i r s t  three meet this 

condition. For the rest three which do not admit a closed form for the 

characteristic function an alternative numerical technique has to be devised to 

calculate their characteristic functionsjthis would cause the whole computation 

not only time consuming but also, sometimes~very messy. 

In the case of normal, gamma and inverse normal, where their characteristic 

functions are known, i t  is possible to use the following two fundamental properties 

of characteristic function: 

( i) the characteristic function of the convolution of two Functions is 
the product of their respective characteristic functions; 

( i i )  i f  two distribution functions oossess identical characteristic 
functions, then the distribution functions are equalp 

we can derive the expl ici t  form for the sn*(z) as shown in the following table: 

27. For an expository treatment of collective risk theory, please see I~l  
and ~17~. 
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(1) (z) (3) 

,o l 

Gamma ~(~;I,,/0 (~-~V6)'~ (~-~16)"r 

Inverse Normal Z(E;~I,~) ~Xt(Zk(O-¢~) ) e , ~ ( z , b ( a - , ~ ) )  

(4) 
s"T(z) 

~(~;6,~,) 

In column (3)iproperty (i) is used and in column (4)#property ( i i )  is used. 

C. Gamma Approximation 

CI. T.he derivation of the 9amma aporo×imation 

The gamma distribution G(~b,?) has only two parameters which are' 

determined by the f i r s t  two sample moments. I f  we add one more parameter 

to the function, G(x¢~;bn~ ), then the third moment is required to estimate 

the parameters. This procedure is called the gamma approximation. 

To specify parameters x, b and p, one sets up three equations 

for the f i r s t  two moment and skewness, then solves them for x, b and p. To 

do this let us f i rs t  calculate the characteristic function of G(~f~.m;~ i ~  ). 

Since the density function of G(~.+m/bl ~) )is 

d b P 

then the characteristic function is defined by 

% (4.)= ~) ~'e~'tz(''.l"4e'bOz'"d~ 
( letting y = x ÷ ~ )  

= rlf~ 

: e "~*" ( ( -  ~+/6 ) -e  ((9) 

- 3 8 7  - 



take logrithm both side)and expand the le f t  hand side into power series 

of ( i t ) ,  we have 

compare the coefficients of the three lowest terms of ( i t ) ,  we set up three 

equations : 

solve them for x, b and p, we have 

Therefore the gamma approximation is expressed as 

o 

(lett ing ~, : Z  } / ( ~ ) ~  ) ) 

Ca°) 

t20 
C2. Aggregate skewness 

In applying NP or gamma approximation, one needs the input of aggregate 

mean, standard deviation and skewness. In this section we are going to derive 

the aggregate skewness for both generalized poisson and negative binomial 

models. 

As usual we f i r s t  calculate the characteristic function of either model. 

Taking the fact that characteristic function of S n* is the product of n 

characteristic functions of S, together with formula (18) and the expl ici t  

form of p(n) in Table At, i t  is not d i f f i cu l t  to see that the characteristic 

function of the aggregate distribution function F is given by. 

)}, 

h J- } ~ h - ~  
" i  I -  ~ / s 

- 388 - 
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Where %( * ) : I  + ~ ( i { )  +~f2, ( ; tF+~, , [6 ( i tF  . . . . .  is the 

characteristic function of the severity distribution S. Taking the logrithm 

both sides, i t  becomes 

for poisson 

for negative binomial 

Identifying the coefficients of ( i t )  3 both sides, we can evaluate 28 the 

aggregate skewness. They are qiven as follows: 

(z3) 

Table A5 

A99regate Skewness 

Generalized poisson model Generalized negative binomial model 

Table A5 is a general formula for aggregate skewness and does not use the precise 

form of severity statistics. I f  the individual severCty type is incorporated the 

formula for skewness would bear the following form. 

28. This is done by expanding~( ~ ) into series of ( i t ) ,  and using footnote 20 
for the negative binomial model. 
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Table A6 

A99regate Skewness 

Severi t~,/Frequency Poisson Negative binomial 

inverse normal P ~  ¢'J~l ¢' L ) ~  t l  ("~:'fJd/'1) ÷~ t/~ 

pareto J/T~;i-/f"'aJg) {,~O,.~)l~4)~A1/e 

l og-no~al ( ,  V )"1,~ t ,m~)'+ A 1 la 

log-game 29 (c~-~l.~lt,-qo)~/~ ~(~.~r';~W~/,~l,~+,~lla 

where c a=o~/jlf ~ is the severity coefficient of vatiation, 

~o~(#-~)+#~-~) ' /~  and ~(~,+~,~ ~'/' 
D. Modified Gamma Approximation 

DI. Derivation fo the new model 

The approach we adopt for the new bodel is that, f i rs t  we use the 

game approximation technique to match the selected severity distribution 

(one of the six types in Table A2) by identifying the statistics /t/## ~ 

and ~m with those of the slected type, then uti l ize the following well 

known formula 30 

F(Z) = , , I -  

to invert the aggregate distribution function from its characteristic 

function. Thus what we have to do here is to substitute ~(-(.) in 

(24) by (22), then simplify it to the form given in (I), Table I and Table 2. 

29. See footnote 26 for a and v. 
30. This fomula uses property (ii) discussed in section A. For detailed 

information on Laplace transformation please see [17J. 
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NOW, let ~(.~ ) be the modules (or absolute value) of ~If/~r) 
and-g(t) be the arguments of ~('~, then 31 

~(*1?) = Im e';~'~ 
where both f ( t )  and g(t) are real numbers. Replace 

s:'N" in(24) and ~place ~(.~-) by (2~), i t  turns out that 

(Change the 2nd integral by s =-t) 
: ~.- ~ (C~¢~r~'~-.~'~'~v"~ ~ 

(taking the fact that ei~,~ ~ : 2 1  ~'~[~) ) 

which is the form given in ( I ) .  The next step is to find out f ( t )  and 

g(t) in either models. To continue our derivation, let us decompose 

~I~l-~ into two parts: 

then identify (25) with (22) via (26), w~ have 

for poisson 
(27) 

for negative binomial 

The case of the generalized poi.sson model in Table i is obvious from (27). 

31. An complex number can be expressed by its modulus and argument, see ~6] o.6 

32. l~re we take the following fact that 

to demonstrate that "~("'t')=~(i[') a.nd ~I;~'I:-~HJ, and uIt i ] ize in our 
derivationj for conjugate number see [B ] -  
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For the generalized negative binomial, by the ~f '~nit ion of 
35 

modulus and argument , w~ find that 

i 
~t~= ~,- ~trm,,f+ (-~w~1 -~ 

last item that has to be veri f ied is Table 2. This is straight-forward, 

since by (]9) and (20), we have 

(ae) 

where 

~ )  ° a~solu~ values of C ~ - i ~ . '  ) - ( ~ '  C:') 

Comparing bothsfdes of (26) and (28), andexplor ingtheleft  hand side of (29), 

we come to the results of Table 2 

D2. Formula ( t )  via Extended Simpson's Rule 

The extended Simpson's rule is adequate to handle the numerical 

integration of formula (1)and Table 5. Since integration over an in f in i te  

interval is pract ical ly impossible, i% is necessary to integrate over 

a truncated interval. The l im i t ,  R, of the range of integration has to be 

determined. ~so the size, h, of the equally divided subinterval has to be 

chosen in u l t i l i z i ng  Simpson's rule. 

33. See t&'1 p.5-7 

34. For a detailed treabnent of this, please see Stephen G. Kellison: 
'Fundamentals of Numerical Analysis' Richard D. Irwin. Inc. 1975, -~hap. 8 
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I f  a precision up to the sixth decimal point is required, h=.2 would be 

satisfactory. The selection for R would be more complicate. A quick and 

practical way to select the appropriate R is to input t until the value of 

is less than, say, ]0 -6 . Choose that t for R. Generally, the appropriate 

value of R would fal l  in to the range from lO to I00, depend on ~ and ~ . 
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I .  INTRODUCTION 

An excess-of-loss reinsurance treaty provides the primary 

insurance company (cedant) with reinsurance protection covering 

a certain layer of loss for a specified category of individual 

(direct) insurance policies. Hence, for each loss event (occur- 

rence) coming within the terms of the treaty, the reinsurer re- 

imburses the cedant for the dollars of loss in excess of a cer- 

tain fixed retention up to some maximum amount of liability per 

occurrence. For example, if the cedant's retention is $i00,000 

and the reinsurer's limit of liability is $400,000, then the re- 

insurer covers losses in the layer $i00,000 up to $500,000; in 

reinsurance terminology, this is the layer $400,000 excess of 

$100,000. The reimbursement generally takes place at the time 

that the cedant reimburses the injured party. Allocated loss ad- 

justment expenses are usually shared pro rata according to the 

loss shares, although in a few treaties they may be included in 

with the loss amounts before the retention and reinsurance limit 

are applied. 

In thls paper, casualty coverage will mean either third 

party liability coverage or worker's compensation coverage, al- 

though on certain treaties it my be broader. For example, for 

automobile insurance, first party coverage ~y be included within 

the terms of the ~xcess treaty along with the third party coverage; 
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in any case, the to ta l  loss covered per occurrence is added to- 

gether before appl~eation of Me retention and the relnsurer's 

limit. 

A working cover is a treaty on which the reinsurer expects 

to pay some losses; reinsurance underwriters say that the cover 

is substantially exposed by the primary insurance policy limits. 

Typlcally, layers below $i,000,000 per occurrence for casualty 

coverage are considered to be working covers. For a more com- 

plete discussion of this coverage, see Reinarz (1969), The Insur- 

ance Institute of London (1976) or Baffle (1978). 

An excess-of-loss casualty working cover is typically a 

large, risky contract. The annual reinsurance premium is usually 

six figures and quite often is millions of dollars. Although 

losses are expected, the number of losses to the treaty and their 

sizes are highly uncertain. Each cedant's insurance portfollo is 

unique, so there are no simple standard reinsurance rates. Indus- 

trywide average increased limits factors might be used as a startfng 

point for pricing; however, competition and uncertainty force the 

reinsurer to be more sophisticated in his analysis of each proposal. 

A further complication is that the reinsurer usually has much less 

information to work with than does his primary insurance colleague. 

The reinsurer is provided with often vague and incomplete estimates 

of past and future exposure, of underlying coverage, of aggregate 

ground-up direct losses, and with some details about the very few 

- 401  - 



historical large losses which are known. The final price will 

be reached by competitive bidding and by negotiation over par- 

ticular contract terms. To compete, the reinsurer must work 

wl thin severe time and manpower constraints to estimate a price 

which he believes to be adequate and which he can justify to 

the cedant. 

Pricing excess-of-loss casualty working covers with any 

degree of accuracy is a complex and difficult underwriting end 

actuarial problem. We believe that the general theoretical 

pricing problem will remain insolvable: there will always he 

more questions than there are answers. However, in the spirit 

of a "Call for Papers", we offer a progress report on our work 

to date, knowing that we have only the beginnings of a truly sat- 

isfying practical solution. We will illustrate the actuarial 

problem by prlcing two relatively simple end representative treaties. 

The approach is mathematical/actuarlal; underwriting considerations 

are only briefly and incompletely mentioned, although these are very 

important. Some general solution criteria are presented and some 

tentative partial solutions are discussed. Although the point of 

view is that of a reinsurance actuary~ we believe that the general 

approach may be of interest to other actuaries and that some of the 

particular techniques will be immediately useful to our primary in- 

surance colleagues. 

Any complicated procedure such as the one presented in this 

paper develops over time from the work end ideas of many people. 
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We wish to acknowledge the help of a few who have contributed 

to this development: Ralph Cellars, Howard Friedman, Charles 

Hachemeister, Mark Kleiman, Stephen Orlich, James Stanard and 

Edward Welssner. 

II. 1340 TREATY PROPOSALS 

Reinsurers often receive proposals for which historical 

data are virtually non-existent. Such is the case when a newly 

formed or an about-to-be-formed primary company seeks reinsur- 

ance coverage or when an existing company writes a new insur- 

ance line or a new tercltory. There may be some vaguely anal- 

ogous historical data, general industry information and some un- 

derwriting guesses about next year's primary exposure, coverage, 

rates and gross premium. An example is that Of a new doctors' 

mutual offerlng professional liability coverage to the members 

of the medical society in state A. 

Example A: A Doctors' Mutual Insurance Company 

Proposal 

i. reinsured layer: $750,000 excess of $250,000 

per occurrence; no annual aggregate re- 

insurance limit; allocated loss adjustment 

expense shared pro rata accordlng to loss share. 
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2. mnderlying coverage: professional liability 

clalms-made coverage for limits of 

$1,000,000/$3,000,000 per claimant/ 

annual aggregate per doctor using the 

standard ISO policy form. 

3. coverage period: beginning July l, 1980 

and continuous until terminated. 

4. reinsurance rate: the of£er is 25% of the 

gross direct earned premium with a 20% 

ceding commission mnd brokerage fee 

(thus, the net rate is 20~). 

Information 

5. exposure estimate of 500 doctors; no class 

breakdown. 

6. class definitions - identical with ISO classes. 

7. List of claims-made rates to be charged by 

doctor class for $1M/$3M limits. 

8. summary of calendar/accident year 1974 - 1978 

aggregate known losses and earned premiums 

for state A doctors covered by the BIG 

Insurance Company. 

9. details about the five known losses paid or 

presently reserved for more than $I00,000 

in state A for accident years 1974 - 1978. 
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I0. a booklet describing the organization and finan- 

cial structure of the doctors' mutual, to- 

gether with biographies of the principal 

managers, clalms-persons and attorneys and 

a statement of a get-tough attitude toward 

defending professional llabil~ty claims. 

II. other miscellaneous letters and memos stating why 

this is an especially attractive deal for 

the reinsurer and the doctors. 

It should be apparent that mast of this information is only 

indirectly useful for pricing the reinsurance coverage. The 

offered rate ~st be analyzed using analogous industry information. 

There is great uncertainty regarding the potential loss situation. 

At the opposite extreme is the treaty proposal for which 

there is a great wealth of historical information. This is some- 

times the case when a treaty has been in place for many years with 

only ~ninor changes, such as increasing the primary retention over 

time to parallel the inflation in indlvidual loss amountS. If a 

reinsurer has been on the treaty for a few years, his underwriting 

~nd claims-persons have gotten to know the primary company people 

and have audited the treaty accounts. Thus, there is less uncer- 

tainty regarding the potential loss situation. A much simplified 

example of this situation is considered (only one llne of business). 
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P&C Insurance Company 

Proposal 

i. reinsured layer: $400,000 excess of $I00,000 

per occorrence; no annual aggregate rein- 

surance limit; allocated loss adjust- 

ment expense shared pro rata according 

to loss share. 

2. underlying coverage: general liability premises/ 

operations coverage, mainly in state B, 

written at various limits for bodily In- 

Jury and property damage liability. 

3. coverage period: beginning January i, 1980 

and continuous until terminated. 

&. reinsurance rate: the net rate Is to be nego- 

tiated as a percentage of gross d~rect 

earned premium. 

Information 

5. estimate of 1980 gross direct earned premium. 

6. estimate of 1980 premium by policy limit. 

7. sugary of calendar/accident year 1969 - 1978 

aggregate known losses as of 6/30/79 and gross 

earned premiums for P&C's general liability cov- 

erage insurance portfolio. 
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8. list of rate changes and effective dates for this 

line of business for 1969 through present and 

information that no change is contemplated 

through 1980. 

9. detai]ed listings of all 358 general llab~llty losses 

occurring since 1969 which were valued greater than 

$25,000 as of 6/30/75, 6/30/76, . . . or 6/30/79. 

At each evaluation, the information listed for 

each loss includes the following: 

a) i d e n t i f i c a t i o n  number 

b) a c c i d e n t  y e a r  ( o c c u r r e n c e )  

c)  amount o f  l oss  pa id  

d) amount o f  l oss  o u t s t a n d i n g  

e)  policy llmlts 

The evaluation of these two treaty proposals will illustrate 

the pricing procedure. Note that for example A we are to eval- 

uate an offered rate, while for example B we are to propose a net 

rate and negotiate. 

Before proceeding with the details, we believe it necessary 

to discuss some general pricing philosophy. 
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Ill. PRICING PHILOSOPHY 

An I n su rance  con t r ac t  may be thought o f  as  a financial 

stochastic process - a random pattern of pay-lns and payouts 

over time. The financial repercussions of a casualty excess- 

of-loss treaty may continue for 20 years or more. Thus, a 

reinsurer must consider the many aspects of this financial 

process to be able to estimate prices which are reasonably 

consistent with broad corporate policy. An actuarial goal is 

to combine all the contract financial parameters and all the 

corporate (Lmderwrltlng) declslon-making criteria into one 

comprehensive premium calculation principle or function - 

a black box which for each particular treaty produces the final 

premium or, more realistically, s negotiable premium range. 

Such a black box will not be purely mathematical, but will re- 

quire substantial subjective input. 

Present actuarial ~owledge is short of this utopian goal. 

However, actuaries and underwriters have identified certain 

major contract parameters and declslon-maklng crlteriawhich 

should be considered when evaluating a particular contract. See 

Pratt (1964), Reinarz (1969), B~hlmann (1970), Gerber (1974) and 

Freifelder (1976) ~ang others for discussions of premium 

calculation principles. 

We believe that a reinsurer should consider the following 

items for each treaty either expllcltly or Implloitly: 
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I. The potential distribution of the aggregate loss to be 

ultimately paid by the reinsurer. Although the whole (past and 

future) coverage period should be considered, most important is 

the potentlal distribution of the aggregate loss arising from the 

next coverage year. The potentlal distribution of the aggre- 

gate loss is based upon the reinsurer's subjective evaluation of 

the situation and is difficult to specify in detail. Consequently, 

only certain major characteristics are estimated, such as the ex- 

pected value, the variance or standard deviation, and certain per- 

centiles, such as the 90th, 95th and 99th. 

2. The potential distribution of the cash flow. The overall 

pattern over time is of interest, but more easily understood is the 

present value of the cash flow generated by the next coverage 

year. This random variable is distributed according to various 

price assumptions and the reinsurer's subjective assessment of the 

potential distributions of aggregate loss, payout patterns and In- 

vestment rates-of-return. Since the loss pay~Jt varies by line of 

business, consideration of the potential distribution of this pres- 

ent value for each treaty may provide a more reasonable basis of 

comparison than does Item (i). 

3. Various corporate parameters and decision-making criteria. 

These include the following: 

a) the potential distributions of aggregate loss 

and/or present value of cash flow estimated 

on the rest of the reinsurer's contract portfolio. 
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b) the reinsurer's financial surplus, both the 

current evaluation and the potential dlst ribution 

of future values due to reserve changes and 

losses arising from the rest of the contract 

portfolio. 

c) the reinsurer's flnancial assets and investment 

opportunities. 

d) various corporate goals, e.g., "growth and 

profits with honor" (David J. Grady, address 

at the ~rch 7, 1979 Casualty Actuaries of 

New York meeting). 

e) the reinsurer's attitude toward the trade-off 

of risk versus rate-of-return on each contract 

and on his whole reinsurance portfollo. 

Items (a) - (e) are meant to indicate some of the consldera- 

=ions which might define a utility function for corporate decision- 

making. For any typical treaty evaluation, it may be possible to 

localize our attention and only reflect these global considera- 

tions indirectly. However, in the long run they may not be ig- 

nored. 

Other more ambiguous items which a reinsurer might consider 

include: 

4. The surplus necessary to "support" the treaty from the 

relnsurer's point-of-vlew. The seller of any insurance or re- 

insurance contract exposes part of his surplus or net worth to 
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the risk that the loss will exceed the pure premium. Although 

it seems reasonable that some amount of surplus might be allo- 

cated to support any contract, there is yet no sarlsfactory 

theoretical functional definition. Note that this "supporting 

surplus" per treaty may not sum to the reinsurer's total surplus; 

he may be interested in surplus allocation on a relative basis: 

Does treaty A need raore "supporting surplus" than treaty B? 

5. The potential distribution of rate-of-re turn on the 

"supporting surplus" for this treaty relative to the rates-of- 

return on other treaties in the relnsurer's contract portfolio. 

It should be apparent that neither we nor anyone else has a 

premium calcuiatlon principle which explicitly considers all these 

items. They are listed here to illustrate the complexity of the 

problem of accurately pricing reinsurance treaties. (Indeed, we 

would argue that it is almost as difficult to price any other 

large insurance contract or group of contracts.) We believe that 

thoughtful reinsurance underwriters do evaluate treaty proposals 

along these or similar lines. To model thls process reasonably 

well is difficult but not impossible, since there are many good 

theoretical models and estimation techniques available to the 

modern actuary. 

Of all the items, item (I), the potential distribution of 

aggregate loss to the reinsurer, is the least ambiguous and the 

most important. Thus, the remainder of this paper concentrates 
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upon the estimation of this distribution for excess-of-loss 

casualty working covers. We will describe a reasonable mathe- 

matical model for this distribution and an estimation procedure 

for parameterizlng the model. 

IV. AN AGGREGATE LOSS MODEL 

This section describes a mathematical model for the aggre- 

gate losses to be paid out on a particular insurance contract. 

The general insurance loss model will then be specialized for an 

excess-of-loss reinsurance treaty. The model is based upon the con- 

cepts of collective risk theory developed by B~hlmann and others: 

for ex&mple, see B~hlmann (1969) and Beard, Pentik~inen and Pesonen 

(1977). The model is designed to allow the observer to account 

for and quantify his uncertainty regarding the "true" distribu- 

tion of aggregate loss for a particular insurance contract(s). 

This uncertainty arises from many sources; among them are: 

i. Any particular probability model is inexact. 

2. Any parameters estimated from sample data are random; 

that is, subject to sampling errors. 

3. The historical loss data may not be at final settle- 

ment values, but are themselves random estimates. 

4. The proper adjustments for inflation over time are unknown. 
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5. The underlying insured population for the coverage 

period to be evaluated is different from the past 

population. 

6. There are o£ten data errors and analytical blun- 

ders. 

The model will be developed from a subjective Bayesian 

viewpoint; the particularization of the model is determined 

from the viewpoint of an observer at a particular time with 

particular information. An honest competent reinsurer and an 

honest competent cedant would most likely have different final 

parameterized models for any given treaty. For a further dis- 

cussion of subjective or "personal" probability, see Savage (1954) 

and Raiffa (1968). 

The collective risk model describing the distrlbution of 

aggregate loss consists of many possible particular probability 

models, each of which is given a "weight" based upon its subJecrlve 

likelihood. In this way, the total uncertainty regarding the par- 

ticular outcome which will be realized is broken down into two 

pieces: i) the uncertainty regarding the "best" particular model, 

some times called the parameter risk, and 2) the uncertainty re- 

garding the actual loss value to he realized even when the partic- 

ular probability model is known, sometimes called process risk. 

See Frelfelder (1976) or Mieeolis (1977) for further discussions 

of these actuarial concepts. 
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We wiJ] use the term "parameter" in a broader sense than 

is customary. A "parameter" will consist of a complete speci- 

flcation of a particular probabillty model such as the lognormal, 

or group of models, together with their usual parameters. Our 

uncertainty as to which parameter is "beat" will be defined by a 

subjective probability distribution on the set of possible para- 

meters. 

It is easier to start with the case where the parameter is 

known (the particular model is specified). Let the random variable 

L denote the aggregate loss to be paid out on a given insurance 

cot tact for a particular coverage year. We begin by assuming that 

the total coverage (exposure) can he split into independent homo- 

geneous coverage groups in the following manner. Suppose that L 

can be ~itten as: 

(4.1) L = L + L + . . . + L 
1 2 k 

where L I = random variable denoting the aggregate loss for 

group i, i = i, ~,° . .., k. 

Further, suppose that each L i can be written as: 

(4.2) L - X + X + . . . + × 
i i 1 i2 iN i 
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where N i 

xlj 

- random variable denoting the number of losses 

(occurrences) for group i. 

- random v a r i a b l e  denoting the  s i z e  ( l o s s  amount) 

of  t he  j t h  l o s s  f o r  group i .  

Croups may be d e f i n e d  by any g roup ing  of  imsu reds  or  cov-  

e rage  which our  power of a n a l y s i s  can r e a s o n a b l y  and c r e d i b l y  

s e p a r a t e .  Examples o f  groups  c o u l d  be:  

i. dlstlnct groups of classes of Insureds or coverages. 

2. similar Insureds grouped by distinct policy limit. 

3. the overall coverage t i m e  period split into sub-perlods. 

For example A, our groups will be defined by year of coverage and 

ISO doctor class (the older seven class scheme). For example B, 

our groups will be defined by combined bodily injury and property 

damage policy limit. 

Let F(x[B) = Prob[L !xl B] be a particular c.d.f. (cumulative 

distribution function) for L with known parameter O. Think of  0 as 

being a comprehensive parameter (vector) containing all the para- 

meters necessary to specify the particular c.d.f.'s for the Li's, 

Ni's and Xij's. Now make the following assumptions: 

Assumption I: Given O, the Li's are stochastically independent. 

Assumption 2: Given 8, the Xij's are stochastically independent of 

the Ni's. 

Assumption 3: Given 8, for fixed i, the Xij's are stochastically 

imdependont and identically distributed. 
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These aasumptlons split the total coverage into independent homo- 

gaseous coverage groups. 

The model with known paraneter 0 has very nice properties. 

The first property is that F(x[8) is the convolution of the c.d.f.'s 

for Indlvldual groups: 

(4.3) F(xl0) F1Cxl6)tF2CxIe)* " '" *FkCXl0) 

where F l ( x l e )  - Prob[L I i x [ a S  for i = i ,  2 . . . . .  k. 

From this it follows that the cumulants of L given 0 are straight- 

forward sums of the eumulants of the Li's given e: 

(4.4) KIn(LIe) - ~ Km(Llle) 

where Km(L[~) is the m th derivative of the logarithm of the 

moment generating function of L evaluated at 0 (if it exists). 

for  the  Km(Li le ) ' s .  Likewise 

See Kendall and S tua r t  (1966), pp. 157ff ,  for  a d i s c u s s i o n  of cu~u- 

Imnts.  In p a r t i c u l a r ,  the  f i r s t  t h r e e  cu~ulonts  add: 

z 1(LIe) - zELle] - ~ ZCLi[e] 
i 

(4.5) Z2(L[e ) - VarCLle 3 . [ VarELlle] 
I 

Ks(LIe) - us(LIe)  ~ 03(Li le)  

= ~ ( L  - EELle3)fle3 where ~m(LlS) 
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Because of assumptions 2 and 3, each F i ( x l S )  can be w r i t t e n  

in terms of the c.d.f.'s of N i and Xi, where X i is the common 

loss amount random variable for group i: 

(4.6) Fl(xle) ! probE~i-ole].c~(xle) 

where G i(xl8) - Prob[X i !xl 8] for i - i, 2 ..... k. 

A consequence of (4.6) is that the first three moments of L i 

given e may be written: 

(4.7) 

~Lile3 - EE~ile].EExile] 

VarELile3 - EENile].var[Xile] + VarENilg].ECxile]2 

~(Lile) ECNile]'~3(xiEe) + .3(Nile).E[xile]3 

+ 3.Var[~ile].Z[Xile3.Var[Xile] 

The scheme will be to develop parameterlzed models for the Ni's 

and Xl's, calculate their first three moments given 8, and then use 

( 4 . 7 )  to  c a l c u l a t e  the  f i r s t  t h r e e  moments of  the  L t ' s  and use  (4 .5 )  

to c a l c u l a t e  the  f i r s t  th ree moments of L g i v e n  ~. 

The c o l l e c t i v e  r i s k  model i s  o b t a i n e d  by d e l e t i n g  the  r e s t r i c t i o n  

t h a t  B i s  ~movn. I n s t e a d ,  assume t h a t  t h e  s e t  ~ o f  p o s s i b l e  p a r a -  

m e t e r s  i s  known and t h a t  we can s p e c i f y  a s u b j e c t i v e  p r o b a b i l i t y  d i s -  
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trlbutlon U(8) on n which gives the subjective likelihood of each 

subset of ~. B~hlmann (1970) calls U(0) a structure function. 

For simplicity, assume that n Is finite so that U(O) Is a discrete 

probability: 

Assumption 4: ~ is the flnlte set of possible parameters and 

U(O) is the likelihood of  the parameter O. 

and U(O) specify the observer's uncertainty regarding the "best" 

parameter. 

With G and U(8) specified, the unoondltlonal c.d.f. F(x) of 

L Is the weighted sum of the conditional c.d.f.'s F(xle): 

(~.8) FCx) = [ FCxIS).U(O) 

e 

Likewise, ~or each Fi(x), the c.d.f, of L£. 

A consequence of (4.8) Is (B~hlmann (1970), p. 66): 

(4.9) E[Lm] " ~ E[LmIe~.U(8) for m = O, l, 2 .... 

8 

L i k e , r i s e ,  for each L 1. 

With 8 unknown, a s s u m p t i o n s  (1) - (3) may no l o n g e r  h o l d ,  f o r  

t he  uncertainty regarding 8 may simultaneously affect the model at 

all levels. For example, the c.d.f.'s of the Ll's are usually sub- 

Jectlvely derived from historical data altered by loss development 

and inflationary trend esetnnptlons. The assumptions made simultane- 

- 418 - 



o~sly shout each L i and Lj are usually not independent, i . e . ,  the 

p a r t i c u l a r  parameters  for the c . d . f ,  of L t are  c o r r e l a t e d  wi th  the 

p a r t i c u l a r  parameters  for the c . d . f ,  of L~. Symbol ica l ly :  

(4.10) 

E~LtLj] - ~ E~LiLj l0] 'U(8)  

" ~ E~LilO] 'E~LjlO] 'U(e)  
8 

{~8 E[L i ]8 ] 'U(8 )} ' {~  ~ L j [ e ] . u ( e ) }  

~'hen ~ i s  unknown, equa t ions  44.3) - 44.7) u s u a l l y  no longer  

hold.  Yn p e r t t c u l a r ,  equat ion  (4.5)  now holds  only  for  the f i r s t  

moment: 

(4.11) 

~ z 3  = I ~L i3  
i 

t 

um(L) ÷ ~ Um(Li) 

for  m ,~ 1 

for  m ~ 1 

fo r  tD ÷ 1 
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Thus ,  t h e  moments o f  L must now be e v a l u a t e d  d i r e c t l y  f rom ( ~ . 9 )  

by  u s i n g  (4 .5 )  and ( 4 . 7 ) ;  l l k s w l s e  f o r  each  L i .  For  e x a m p l e ,  t h e  

second  moment of  L is now , w r i t t e n :  

ECL23 = ~ ECLZIO3"U(e) 
e 

( 4 . 1 2 )  ~(VarCL{8~ + E~LIO32} 'U(0)  
0 

~( (~  V a r C L i l 0 3 ) + ( ~  ~ L i I 0 3 ) 2 ) ' U ( 0 )  
0 i  l 

C o n t i n u e  the e x p a n s i o n  u s i n g  fo rmu la  (4.7). 

L i k e w i s e  f o r  each  L i .  

T h i s  g e n e r a l  c o l l e c t i v e  r i s k  model  may be s p e c i a l i z e d  co t h e  

c a s e  of  an e x c e s s - o f - l o s s  r e i n s u r a n c e  t r e a t y .  Suppose t h a t  t he  

t r e a t y  c o v e r s  group  i l o s s e s  i n  t h e  l a y e r  f rom r t ( r e t e n t i o n )  up to  

b 1. The g e n e r a l  model  may ba  s p e c i a l i z e d  i n  a t  l e a s t  t v o  d i f f e r e n t  

ways .  The f i r s t  i n t e r p r e t a t i o n  v i e w s  X i a s  t h e  e x c e s s  p o r t i o n  of  

each  l o s s .  We d rop  t h e  s u b s c r i p t  i i n  t h e  f o l l o w i n g :  

Model I N o t a t i o n :  

N - random v a r i a b l e  d e n o t i n g  t o t a l  number o f  non-  

z e r o  l o s s e s  g r o u n d - u p .  
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X - random v a r i a b l e  d a n o t t n g  t h a t  p a r t  be tween  

r and b of  e a c h  Bround-up l o s s .  

$ - random verlable de~otlng the ground-up loss 

amoum t .  

Given t h a t  a l o s s  has  o c c u r r e d ,  X and S e r e  r e l a t e d  by:  

(4.13) 
I! if S < r 

- -r if r < S < b 

r if b!S 

Thus ,  t h e  c . d . f . ' s  of  S and X g l v e n  6 a r e  r e l a t e d  by:  

( 
Gs(rle) 

(4.14) I |Gs(x+rle) if x ! 0 
G x ( X l % )  = I f  0 < • < b - r 

1 if b - r ~ x 

I f  N I s  t o  d e n o t e  t h e  number of  exce s s  l o s s e s ,  t h e n  use  the  

second s p e c i a l i z a t i o n :  

Model 2 Notation: 

N - random v a r i a b l e  d e n o t i n g  t h e  number of  e x c e s s  

l o s s  o c c u r r e n c e s .  

X - random variable deuotlng t h e  e l s e  of  an e x c e s s  

l o s s ,  Btven t h a t  an e x c e s s  l o s s  has  o c c u r r e d .  

BN = random v a r i a b l e  d e n o t i n g  t h e  t o t a l  number o f  non-  
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zero  ground-up l o s s e s ,  c a l l e d  "base  number".  

$ " random variable denoting the ground-up loss 

amount. 

Nlth known parameter 8, the c.d.f.'s of N and BN are related 

by: 

Prob[N=nl8 ] - ~{Prob[BN=m,8].(~) x 
( 4 . 1 5 )  m>._n 

n m-n 
(1 - G s ( r l e ) )  .Cs(rle) ) 

~nere  G$(rle) = Prob[$ ! rl 8] 

In particular, it is easy to show that: 

(4.16) E[N[8] m E[BNI83.(I - Gs(rIe)) 

Likewise, the c.d.f.'s of X end $ for Model 2 are related by: 

(4.17) Cx(XIe) 

I O if x ! 0 

= Gs(x+r[e)'(l - Gs(r[8)) -I if 0 < x < b - r 

I if b - r ~ x 

Model 1 is easier to work with since the definition of N remains 

t h e  same when d i f f e r e n t  r e t e n t i o n s  a re  c o n s i d e r e d .  But,  i t  i s  eesy 

to  t r a d e  back  and f o r t h  between t he  two models  and ,  most i m p o r t a n t l y ,  

they  bo th  y i e l d  i d e n t i c a l  answers  f o r  the  d l s t r l b u t l o u  of  L. We p r e -  

f e r  to  use  Hodel 1, so h e r e a f t e r  N w i l l  be  t he  number of  non -ze ro  

ground-up  l o s s e s .  

The n e x t  t h r e e  s e c t i o n s  show how t h i s  g e n e r a l  model may be used  

to  e v a l u a t e  t he  l o s s  p o t e n t i a l s  o f  p a r t i c u l a r  t r e a t i e s .  To do so ,  we 

- 422 - 



~.I St : 

1 .  

2 .  

speclfy the homogeneous groups. 

specify the set of possible parameters ~ and 

the subjective llkellhood U(e), of each e in ~. 

calculate (using a computer package) the mom- 

ents and approximate various percentiles of L 

from the moments of the Nl's and Xi's given the 

e's. 

V. PARAMETER ESTIMATION: EXAMPLE A 

The most difficult part of this aggregate loss evaluatlon 

procedure is eatimatlng the parameters to  be used in the models. 

The estimation for A Doctors' Mutual Insurance Company, example 

A, will illustrate the case where there are no credible historical 

loss data dlrectly related to the exposure. In this case, general 

industry information must be used together with substantial Judge- 

ment. In general, in this s~tuatlon we presently estimate three 

parameters based upon low, medium and hlgh loss frequency and se- 

verity assumptions (We purposely use the word "medium" to avoid the 

statistical theoretic connotatlons of words such as "mean" and 

"medlan".) For example A, the estimates will be based upon Insur- 

ance Services Office ratemaklng data and further modified by Judge- 
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meet  based  upon t h e  NAZC H e d l c a l  M a l p r a c t i c e  Closed  Cla im S u r -  

v e y s  (1977) and (1978). 

The groups fo r  example A are selec led to  be the seven doc- 

to rs  classes in  the old ZS0 c lass  plan because we be l ieve  the re  

are s u f f i c i e n t  data to  separate these classes fo r  loss f requency 

and s e v e r i t y .  The c o m p l e t e  p a r a m e t e r  m a t r i x  I s  d i s p l a y e d  i n  

T a b l e  5A. I t  l ooks  f o r m i d a b l e  bu t  I s  r e a l l y  q u i t e  s l m p l e ;  much 

o f  ~t  i s  r e p e t i t i v e  and based upon standardized Judgement. Each 

c lass  Is represemted by three rows: the low 8 is  the f i r s t  row 

f o r  each c lass ,  the medium 6 is  the second row fo r  each c lass  and 

the high 0 i s  the t h i r d  row fo r  each c lass .  In Sectimn VTI these 

parameters w i l l  be inpu t  eo a P ruden t ia l  Reinsurance Company com- 

puter  package named RISKMODEL which w ' l l l  ca l cu l a te  the moments of 

the aggregate loss L f o r  the laye r  $750,000 excess of  $250,000 for  

the coverage year 1980/81 using the formulas from Seet inn IV.  The 

p a c k a g e  a l s o  a p p r o x i m a t e s  s e l e c t e d  p e r c e n t i l e s  o f  t h e  d i s t r i b u t i o n  of  L.  

The form of  t h e  p a r a ~ e t e r l z e d  c . d . f . ' s  we s h a l l  u s e  f o r  t h e  d l s -  

t r I bu t t om of the number of  loss occurrences N t f o r  c lass t i s  the 

negative binominl defined in Appendix D. Thus, we must specify two 

parameters for each c.d.f.; we wlll specify E[NiI%~ and the ratio 

V a t ,  Nt iS3  ~ E[Ni Ie~ f o r  each  c lass ,  t f o r  each e. The expected num- 

b e r  of  a r o u n d - u p  l o s s  o c c u r r e n c e s  E~NI]8 ]  i s  based  upon t h e  exposure 

and loss frequency estimates in Table 5A, columns (2) and (3). The 

estimatea of exposure by class are based upon IgO exposure date 
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T A B L E  5A 

GROIJ@ EXPO~I~RE F R L a l I L N E Y  V C ~ J ' E [ N I  D ~ !  CObE PAR I pAt~ 22 T R U N C .  PT E X £ [ ~ 5  PROP UGT | H P E X  
T XP 

CI,A¢~ 1 ] 2 1 5 . 0 0 N O  . 0 0 ~ 0  t . o 0 0 0  2 23~LLO. o n f l o  i .t4SlL~O IOPO . U O g n  , ~T, OO 
Cc~: ,~ , t  2 : z ~ . o o n o  . o o 6 3  1 . ~ o o o  77 s:t.~:;o u o , o  1 . 2 v u o  t o o 0  .o : ; t ,O . : , o o 0  
CLASS 1 ] ~ 1 5 . 0 0 0 0  . 0 C 1 5  2 . 0 0 0 0  2 181 i.~;. f i g 0 0  1 . 1 9 1 0  I 0 0 0  .U~UO .2~,r lo  O 

C L A S S 2  I 7 7 . 0 0 0 0  . 0 0 7 2  1 . 0 0 O 0  2 7 3 6 q 0 .  O000 | . q o q o  1 o 0 0  . o o G o  . ~ 5 0 0  [ 
r . LAS3  2 2 7 7 . o 0 o o  . , , o v o  1 . 5 o o o  2 i n 4 . ~ o ,  o o o o  i . : 9 o o  | o o o  . H ~ 6 a  . ' ~ o 0  0 
C L ~ $ 3 2  3 7 7 , 0 0 0 0  , 0 1 0 8  2 .  0 0 0 0  2 t O | Z 3 .  DO00 I ,  t ~ t O  1 0 0 0  . BJRO . 2 ~ 3 0  0 

C L ~ S 9 3  I ~ 6 .  0 0 0 0  , 0 O R 5  ~ .  0 0 0 0  2 2 . ~ ? ~ 3 .  n 0 0 0  1 .  ~ t c ; 0  ! o 0 o  *1~,,;o ~ * n 0  ] 
CL.~$53  ~ 6 6 ,  0 ~ 0 0  . 0  I n6  . h o l l o  2 ?O I 0,~, OOoo I .  ~ 'HIO 1 0 ¢ 0  .814,'~ 0 . ~ 0 0 0  m 
C[ C,S~3 3 ~ 6 .  0 3 0 0  . ~ I ~ 7  2 .  O00O 2 ; 'P ; ' 11 .  0 0 0 0  I .  I U'~O I OOO . ~;~bO .2~.00 0 

CL,',% 5 q 2 l O . O 0 0 O  . 0 1 3 0  | .~ ,000  2 : '17~"=.  COIlO I . : ' T H O  1 6 0 0  . nfl,~O . 5 n  fro 0 
C L A 3 S ~  3 tO  0 0 | 0  . 0 1 ~ 6  2 .  0 0 0 0  2 2 )  7 '~ i ! .  OOUO I ,  t 8 9 0  1 0 0 0  0' / '~0 . ~ , 0 0  0 

C ~ A ~ S 5  I 14/~. 0 0 0 0  , O 130  I .  U0110 ~ : 7 ' 7 1  t .  0 0 0 0  I .  q/,Y, 0 ] 0 a 0  U: ,~0  . ~ S n 0  l 
C L & ~ , ~  ~. L~6.0O00  . 0 1 6 3  I . . ~ 0 0 0  ~ ~3;~:,11, O n rio I .  ~'?1]0 [ 0 0 0  .14~60 .~.,0 a o o 
C L , ' - ~  ] '~¢,. CO00 . O l V 5  ~ .  0 o 0 0  :z ~ ' ~ o 3 1 .  o o a o  t .  1 0 7 o  ! o o 0  . n~ : ; o  . :~:.no 0 

CL¢:SS& I 3 5 .  (1000 . 0 1 6 9  1 . 0 0 0 0  2 ~ 3 9 2 3 .  O00O I . ' ~ 0  1 0 0 0  . B ~ O  . 2 5 o o  I 
C;.A'~ 5 6  2 3 : , . 0 0 0 0  . 0 2 1 2  I .T .o00  2 2 0 1 0 6 . 0 0 0 0  I . ~ 7 0 e  ShOO .00 ,50  . 5 0 0 0  0 
L~L.~S56 3 ..S..~. 0 0 0  O . 0 2 ~  2 . 0 0 0 0  ~' 2 0 5 9 7 . 0 0 0 0  1 . 1 8 9 0  1 0 0 0  .H�~O . ~ 5 0 0  0 

Cl..,~ ~ 5 7  I 5 1 . C 0 0 0  . 0 1 ~ 6  1 . 0 0 0 0  ~ 3 0 . ~ . ~ 9 . 0 0 0 0  1.14&50 1 0 0 0  . 8 5 6 0  . 2 5 n 0  1 
C L ~ 5 3 7  2 5 1 . 0 o n 0  . 0 1 9 5  s ~ 0 o 0  2 T . ~ , 9 ~ . r , 0 0 0  l . : ' T t J 0  x 0 o ~  . ~ l ~ . 0  . s e n 0  0 
CL¢.SS7 • b l .  0 0 0 0  . O~3q ~ .  0 0 0 0  2 2 6 3 2 0 .  o 0 o o  1 . 1 8 9 o  1 0 0 0  . O?~O . ~ 5 o 0  0 



and the assumption that there w~ll be 500 doctors. Possible 

variance of the actual exposures from these eatlmates will be 

simply accounted for when selecting the low and high frequency 

estimates. The medium frequency (ground-up) estimates are de- 

rived In Appendix A, p. AI. They are based upon projections of 

overall countrywide doctor loss frequency at the mld-polnt 

(January I, 1981) of coverage year fiscal 1980/81, modified by 

various offsets: i) class, 2) state, 3) year in clalms-made 

program (in this case, first year) and 4) contagion (multiple 

doctors par incident). It is necessary to use a contagion fac- 

tor to adjust the basic leo data, which are number of occurrences 

per doctor, since the treaty will cover loss per occurrence for all 

covered doctors added together. All the offsets are selected on 

the basis of ISO data and NAIC (197), 1978) information. The low 

and high loss frequencies are selected to be ± 20% of the medium 

loss frequencies; this is pure Judgement to reflect the uncertainty 

regarding the actual exposure and the "true" expected frequency per 

class. The ratio Var[Ni]8] ÷ E~NIIe] values 1.0 (low), 1.5 (medium) 

and 2.0 (high), Table 5A, column (4), are selected on the basis of 

research by the ISO Increased L i m i t s  Subcom~nlttee. 

The parameters for the loss amount c.d.f.'s are in Table 5A, 

colu~s (5) - (9). The number 2 in column (5) apeelfies to the com- 

puter package RISRMDDEL that the form of the c.d.f, is the 4-para- 

meter modified Pareto distribution defined in Appendix D; the other 
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choices are 1 - lognormal and 3 - Welbull. Columns (6) - (9) are 

i t s  f o u r  pa rame te r s  f o r  each c l a s s  and each e .  We and the  ISO 

I n c r e a s e d  L i m i t s  Subcommit tee  have found t h i s  g e n e r a l  Pa re to  c . d . f .  

t o  be  v e r y  u s e f u l  f o r  d e s c r i b i n g  l o s s  amount d i s t r i b u t i o n s .  The 

p a r t i c u l a r  pa rame te r s  d e r i v e d  on Appendix A, pp. A2 and A3 a r e  based 

upon ISO country~rlde l o s s  amount da t e  and m o d i f i e d  by v a r i o u s  o f f -  

s e t s  ( c l a s s ,  s t a t e  and c o n t a g i o n )  s e l e c t e d  on the  b a s i s  of o t h e r  ISO 

d a t a  and NAIC (1977, 1979) i n f o r m a t i o n .  Note t h a t  the  o f f s e t s  a p p l y  

t o  t he  ~ pa ramete r  (PAP.l) on ly .  We do no t  p r e s e n t l y  o f f s e t  a c c o r d i n g  

t o  yea r  In  c la ims-made  program, a l t h o u g h  we might  i f  we ever  s ee  

any c l a ims-made  l o s s  d a t a  s u f f i c i e n t  fo r  t h i s  purpose .  The low,  

m e d i ~  and h i g h  p a r a m e t e r s  a re  s e l e c t e d  from c . d . f . ' s  f i t t e d  t o  f i v e  

p o l i c y  y e a r s  o f  I$0 d a t a  v l e  t he  maximum l l k e l l h o o d  t e c h n i q u e s  de -  

s c r i b e d  i n  P a t r l k  (1980)  and a r e  indeed t h e  low, medium ( a l l  f i v e  

y e a r s  camblned)  and h l g h  e . d . f . ' s .  

Column (10) of T a b l e  5A d i s p l a y s  t he  s u b j e c t i v e  w e i g h t s  a s s i g n e d  

t o  t h e  t h r e e  p a r a m e t e r s .  In  t h i s  ease ,  t h e y  a re  p u r e l y  J u d g a m e n t a l ,  

vlth the medium parameter assigned a llkellhood of 50% and the low 

and high parameters assigned 25% likelihoods. 
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Vl .  PARAHETER ESTIYIATION: EXAbWLE B 

The p a r a m e t e r  e s t i m a t i o n  f o r  example  B, t h e  e x e e s s  p r o -  

p o s a l  for P&C Insurance Company's general liability coverage, 

will illustrate the case where there ere credible historical 

loss data directly related to the exposure. In this case, we 

t r ~ l l  use  a s  much o f  t h e  d a t a  a s  we can t o  s e l e c t  t h e  homo- 

gemeous c o v e r a g e  g r o u p s ,  t o  e s t i m a t e  t h e  forms of  t h e  l o s s  

amount c.d.f.'s and t o  estimate some ~'s and U(~)'s (the l o s s  

count c.d.f.°s are assumed to be adequately modeled by nega- 

tlve binomial distributions). Recall from Section 11 that the 

proposal Is for $750,000 excess of $250,000 and that the PbC 

Insurance Company has provided a detailed history of large 

losses (greater than $2S,000), gross earned premiums, an over- 

a l l  r a t e  his tory  and more. 

The s t e p s  of  t h e  p r o c e d u r e  we w i l l  f o l l o w  a r e :  

I .  S e l e c t  t h e  homogeneous c o v e r a g e  g r o u p s .  

2. Decide vhlch historical exposure years are 

most i nd i ca t i ve  of (can be eas i l y  adjusted 

t o )  n e x t  y e a r ' s  e x p o s u r e .  

3 .  E s t i m a t e  l o s s  amount I n f l a t l o n a r y  t r e n d  f a c t o r s .  

4 .  S e l e c t  a p r i m a r y  r e t e n t i o n  t o  d i r e c t l y  e v a l u a t e  

l o s s  count  and amount d i s t r i b u t i o n s  f o r  t h e  n e x t  

c o v e r a g e  y e a r  and r e s t r i c t  a t t a n t l o ~  t o  t h o s e  
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large losses whose trended values are greater 

than this retention. This retention is not 

necessarily the proposed retention, but is In- 

stead the one which we believe will yield the 

most credible est lmat es of the potential loss. 

5. Decide how to adjust the large loss data to an 

ultimate settlement basis. 

6. Estimate ground-up loss amount c.d.f.'s for the 

next coverage year, both forms and parameters, 

from the large loss data and general informa- 

tion. 

7. Estimate the number of excess IBNR losses (ex- 

cess of the deflated values of the selected 

retention (4)). 

8. Estimate excess loss frequencies for the next 

coverage year. 

9. Estimate base (ground-up) loss count c.d.f.'s 

for the next coverage year based upon (6), (8) 

and the estimated exposure. 

10. Select the parameter weights U(@). 

The procedure for example B will follow this outline very 

cleamly. In practice, however, airy of the steps may be reversed 

and any of the decisions may be changed later during the pro- 

cedure if the analysis so indicates. 
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We d e c i d e d  not  t o  d i s p l a y  t h e  c o m p l e t e  P&C I n s u r a n c e  

Company d a t a  in  an append ix  f o r  t h r e e  r e a s o n s :  

I. We would llke to focus on the general procedure, 

not all the details. Most of the detailed steps 

c o u l d  be done i n  many d i f f e r e ~ t  ways. 

2. The d a t a  a r e  voluminous. 

3. The data, used w~th the primary company's per- 

m i s s i o n ,  should  r ema in  c o n f i d e n t i a l .  

Many sugary exhibits are displayed in Appendix B. 

g t e ~  i 

The groups are defined by the major policy limits based 

upon the policy limits listed on the large loss records and P&C 

Insurance Company's estimate of their policy limits distrlbu- 

tlon for 1980. However, the general liability coverage will be 

analyzed as a whole; thus, the parameters of the esti~ted 

ground-up loss amount =.d.f.'s and the loss frequencies will be 

the same for each group - only the policy limits and the under- 

lying exposure will he different. The complete parameter matrix 

which will later be Input to the RISKMODEL computer package is 

displayed in Table 6A. In this case, there are four policy 

limltgroups: $200,000, $250,000, $350,000 and $500,000 or more; 

t h e r e  e r e  f o u r  p a r a m e t e r s  O: t h e  f i r s t  i s  t h e  c o m b i n a t i o n  of  

t h e  f i r s t  row f o r  each  g r o u p ,  and so on. 
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TABLE 6A 

I 

Cc 

I 

GL/~no  I 

GL/~OD ~ |17~.0000 
GL/~O0 ~ 1175 .0060  

GL /~O  1 : 175 .0000  
GL. '~50 2 1175 .0000  
GL /~O  3 1173 .0000  
5L /250  ~ 1175 0000 

G~ /35n  1 23~o .noeo  
Gt , /3~O 2 23~0001~0  
GL /350  3 2350 .0000  
6L1350  ~ =350 .0n00  

GL /~O0*  1 1~000 .0000  
~L I~00*  2 10n~0 .0000  
UL /~oo+  3 1~oo .oooo  
GL /~O0*  q t~UOU,OOGO 

I~×FOSURE FREQIJCNCY VLN3~E[N] PST CO[,E 

1175 .0000  . 010n  1 .5000  
1 )73 ,0000  .01.~5 ~ ,0000  

.oo~b I . ~000  

. o l ~  2 .00on  

, 0108  1 .~000  
.01,~5 2 .0000  
. 0096  1 .5000  
.01o~ 2 .0000  

. n tNn  1 . 5 0 0 0  

. o1 ,~ ;  2 . 00o0  

. 00V6  1 . 5 0 0 0  
, 0 [ 0q  2 .0000  

0 t0B  1 ,5000  
. 0 1 3 5  2.0000 
. 0~9~  1 .~ooo  
. 01o~  2 .0000  

1 2 ~ 0 [ & . 0 0 0 0  
11~; '31.0000 

I ,HJT~? ,000g  
2 1 3 o & ? ~ . 0 n o 0  

121~01/, ,000 u 
t 1 ' ~1 .0o00  

2 ¢3~?'J7.#0oo 
2 1 .~0~v3 .00o0  

12t~01/ , ,C000 

130 /q7 ,0~00  
1 ~ o ~ 3 . o o 0 o  

, l ~qO I6 ,0000  
o7231,oon0 

130?q? .O000  
13O693.OOOO 

pAR ~ T R U N C .  P [  eXCE l : :  PROP WG1 INI IEX 
T YP 

3 ,679~  0 I .O~QO . tO00  1 
3 . t ?~a  0 Z .O000  . '6000 0 
3.071,+; OJ 1,0000 .I~00 0 
3 .7~59  0 l . uOOn  . 3~00  0 

3 .67?5  0 I .OOQO 1000  1 
3 .1~90  0 1 .0000  . 4000  
3 .0769  D 1 .0000  . J~oo  D 
3 .7b~0  0 I .OO00  . 3~00  0 

3 .~79~  0 t .  OCQe . 1000  I 
3 . 1270  0 1 .0~00  .~000  0 
3 ,076v  0 { ooeo  . J~no  o 
3 .7~6  0 I.OOOO . . ~oo  o 

3 ,6795  0 1 .0000  , 1000  I 
3 , 1290  0 1 .00oo  .~ooo  0 
3 .B769  o 1 .oooo  . 1~oo  o 
3 . 7 ~ 0  0 1 .ooo0  . 3500  o 



Step 2 

We restrict our attention to the large loss data from 

accident years 1973 through 1978 since we believe that these 

data are more easily adjustable to 1980 level in a reasonable 

manner. Also, there does not appear to be any significant 

development of loss counts or amounts beyond the 78 month eval- 

uations of the data presented in P&C's June 30, 1975, . .., 

June 30, 1979 loss evaluations. With this decision, we still 

have quite enough data, over 200 large losses, to analyze. 

Step 3 

Many different loss amount inflationary trend models may 

be developed using many different economic end actuarial assump- 

tions. We shall use two very simple models: 

I. Exponential trend model: ISO general llab111ty 

bodily injury average loss amounts of various 

k i n d s  from the  p a s t  s e v e r a l  y e a r s  may be fit 

by expon~Clal curves in the usual manner. In 

this case, our model produces an annual trend 

estimate of 16.81. 

2. Econometric trend model: Slightly more sophls- 

t i c a t e d  t r e n d  e s t i m a t e s  a r e  d e r i v e d  v i a  a p r i m i -  

t i v e  bu t  r e a s o n a b l e  economet r i c  model u s i n g  the  

Bureau o~ Labor S t a t i s t i c s '  Consumer P r i c e  I n -  

dex and i t s  Med ica l  Care S e r v i c e s  component as 

independen t  v a r i a b l e s  and some leO l o s s  amount 
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index as the dependent variable. The trend 

factors to adjust each accident year's data 

to 1980 level are displayed in Appendix B, 

p. B2, cohmm (I), 

Loss parameters will be derived separately from the two sets 

of data adjusted by these two trend models. In general, use 

as many reasonable tread models as possible and assign sub- 

Jective weights to them. 

Step 4 

Our objective is to estimate 1980 ground-up loss amount and 

loss count c.d.f, models which produce accurate estimates of the 

losses in the layer $400,000 excess of $100,000. However, to as- 

timate these models, it is not necessary to restrict our atten- 

tion to only those historical losses whose 1980 level values are 

greater than $100,000. With the exponential and econometric 

trend models, a 1980 retention of $75,000 deflates to 1973 values 

of $Z5,291 end $25,299, respectively (see 6olumn (2) of Appendix 

B, pp. B1 and B2). Since these deflated values are larger than 

$25,000, the 1973 - 78 large loss data contain all known losses 

whose 1980 values are larger than $75,000. Furthermore, more 

credible excess frequency and loss amount estimates may be ob- 

talnad from evaluating a lower retention of $75,000. That is, 

there are 171 (exponential) end 158 (econometric) known losses 

whose 1980 values are greater than $75,000 (see Appendix B, 
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pp. B1 and B2), while only 109 (exponentlal) and 104 (econo- 

metric) have 1980 values greater than $100,000. Therefore, 

we restrict our attention to those large losses whose 1980 

level values are greater then $75,000. The 1980 level average 

values and number of occurrences at each evaluatlon date are 

shown in Appendix B, pp. B1 and B2. 

Step 5 

For each historical coverage year, we want an estimate of 

the distribution of ultimate settlement values (1980 level) of 

losses greater than $75,000. The age-to-age development fac- 

tors displayed in Appendix B, pp. Bl and B2, for the 1980 level 

average values indicate that the large loss distribution for 

the recent years will change as more losses pierce the retention 

and as the losses are settled. Thus, these data must he adjusted. 

In this case we observe that the loss amount distribution appears 

to develop little beyond the 42 month evaluation. Also, the 

t w o  years for which we can expect the data to substantially de- 

velop, 1977 and 1978, have only 14 and 3 large losses respec- 

tively. Thus, in this case we choose to use multlpllcatlve average 

size development factors applied to the large loss values. These 

factors are displayed in Appendix B, pp. B1 and B2. (For a more 

sophlstlcated approach, which simultaneously accounts for the 

development of loss counts and amounts, s e e  Hachemelster (1976)). 
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Step 6 

The 1980 loss amount c.d.f.'s are derived from four data sets 

by using the maximum likelihood estimation techniques and testing 

procedures described in Patrlk (1980). The data sets are: 

1. The large losses together with their policy limits 

adjusted to 1980 level via the exponential trend 

model and developed to ultimate settlement. 

2. Same as (1) except that the losses and policy 

limits are censored at (limited to) $500,000. 

3. The large losses together with their policy 

limits adjusted to 1980 level via the econometric 

trend model and developed to ultimate settlement. 

4. Same as (3) except that the losses and policy 

limits are censored at $500,000. 

Censorship at $500,000 is used in (2) and (4) for two 

reasons : 

I. The p r o p o s e d  r e : I n s u r a n c e  layer s t o p s  a t  $500,000. 

Thus, we may focus upon the loss amount distribution 

below $500,000. 

2. In general, we have found that censored (by policy 

limits) loss amount c.d.f.'s estimated via the 

method of maxlmum likelihood fit better when there 

are some losses at the censorship points: the para- 

meter estimates appear to have smaller sample error. 
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However, the  da t a  i n  t h i s  case  have  no l o s s e s  a t  

t h e i r  p o l i c y  l i m i t s .  

The p a r a m e t e r s  f o r  c . d . f . ' s  (1) - (4) a re  d i s p l a y e d  i n  

Tab le  6A, columns (5) - (9) .  Both t he  Kolmogorov-Smtrnov T e s t  

and an " a c t u a r i a l  ad-hoc expec ted  v a l u e  t e s t "  ( see  P a t r i k  

(1980)) show the Pareto model fitting much better than either 

the lognormal or  the Welbul l  models. Thus, each se lected c . d . f .  

i s  Pareto (column (5) en t r y  i s  2 ) .  The column (8) and (9) en- 

t r i e s  are se lec ted f o r  convenience to be 0 and 1, r e s p e c t i v e l y ,  

because we are not concerned w i t h  the lower end of  the loss 

amount distribution. See Appendix D and note that if XP- i, 

then the four parameter model reduces to a two parameter model 

with the parameters PAR1 and PAR2 in Table 6A, columns (6) and 

(7). C.d.f.'s (2) and (4) fit well, while the fit of (i) and 

(3) is only fair. This information will be used later when 

selecting the subjective likelihoods (weights) of the parameters. 

Step 7 

The number o f  IBNR ( i ncu r red  but not r epo r t ed )  1980 l e v e l  

losses excess o f  $75,000 f o r  each year 1973, . . . ,  1978 are es- 

t imated using a method developed by James Stanard and described 

In Patrlk (1978). The first step is to estimate a c.d.f, model 

for the distribution of report lags. In this case, the report 

lag is defined as the time in months between the date of occurrence 

of  a loss and the date i t s  1980 l e v e l  i ncu r red  va lue  f i r s t  ex -  
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ceeds $75,000. Welssner (1978) showed how to estimate thls 

c.d.~, using the method of maximum likelihood when the data 

include month of occurrence and month of report for every 

loss. However in this case, such detail is not available: 

the data have only year of occurrence (accident) end year of 

report. Thus, we select s report lag c.d.f, model by com- 

paring the actual number of occurrence age-to-age factors in 

Appendix B, pp. B1 and 82, to tables of annual age-to-age 

factors generated by various theoretical report lab distribu- 

tions, such as the exponential, lognormal or ~eibull. In 

this case, a Nelbull distribution with parameters 8 ° 34.0 

and 6 - 2.75 (see Appendix D) appears to describe both sets of 

actual age-to-age factors best; so we will use it to calculate 

IBNR. The annual age-to-age factors generated by this Weibull 

are the row underlined in the table in Appendix B, p. B3. The 

I~NR calculatlons are displayed in Appendix B, pp. 84 and B5. 

Step 8 

Appendix B, pp. 86 and 87, displays the estimated IBNR per 

year (column (4)) and the inplled 1980 level frequency excess- 

of-$75,000 per year (column (6)) with respect to gross direct 

earned premium at present (1980) rate level (column (2)). 

Columns (7) and (8) display our estimates of the 1980 level base 

frequency per year. We use the term 'base frsquency" to dis- 

tinguish these numbers from the true ground-up loss frequency. 

The base frequencies are sllghtly fletlclous numbers derived 
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s o l e l y  as  c o n v e n i e n t  i n p u t  f o r  t h e  RIS~ODEL computer  package  

( t a b l e  6A, column ( 3 ) ) .  They a r e  £ n t e r p o l a t e d  downward from 

t h e  e x c e s s  f r e q u e n c i e s  by  use  o f  t h e  p r e v i o u s l y  s e l e c t e d  l o s s  

amount c . d . f ,  mode l s .  Fo r  example ,  t h e  b a s e  f r e q u e n c y  of  .0108 

f o r  1973 in  column (7) o f  Appendix g ,  p. B6, i s  d e r i v e d  f rom 

t h e  e x c e s s  f r e q u e n c y  of  .0019 in  column (6) v i a :  

(excess frequency) + Prob[X>$75,000[c.d.f.(1)] 

( e 6 
(6 .1)  o ( .0o19) , ~ -Ts~6db)  

- .0108 

where 6 = 124,016 and 6 - 3.6/95. 

The b a s e  f r e q u e n c i e s  w l c h  r e s p e c t  to  a l l  f o u r  l o s s  amount c . d . f . ' s  

a r e  d i s p l a y e d  i n  Appe~dlx B, pp.  B6 and BT, a l o n g  w i t h  f o u r  

selected values which are input in Table 6A, column (3). 

Step 9 

T~a n e g a t i v e  b i n o m i a l  c . d . f ,  i s  s e l e c t e d  as  t h e  g e n e r a l  fo rm 

f o r  t h e  d i s t r i b u t i o n  of  N i ,  t h e  number o f  1980 b a s e  l o s s e s  f o r  

p o l i c y  l l m l t  g roup  i .  The e x p e c t e d  v a l u e  f o r  each  p a r t i c u l a r  c . d . f .  

i s  t h e  b a s e  f r e q u e n c y  c ~ e s  t h e  e s t i m a t e  o f  t h e  1980 g r o s s  d i r e c t  

e a r n e d  premlum in  Tab l e  6A, c o l u ~  ( 2 ) .  The r a t i o s  

V a t [ N i l e  ] t E[Ni [e  ] i n  column (4) a r e  a g a i n  s e l e c t e d  on the b a s i s  

o f  r e s e a r c h  by cha ISO I n c r e a s e d  L i m i t s  Subcommi t t e e .  
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Step I0 

The parameter weights U(e) in Table 6A, colu~m (I0), are 

selected on the following basis: 

1. Each trend model is given weight .50. 

2. The weight selected for loss amount c.d.f. 

(2) together with its implied base frequency 

is .40 (out of .50 possible) since it fit 

best; the remaining .I0 goes to c.d.f. (I). 

L i k e v i s e ,  l o s s  amount c . d . f .  (4) t o g e t h e r  

with its implied base frequency is given a 

weight of .35 because of I t s  good fit, with 

the remaining .15 going to c.d.f. (3). 

As a final remark on the parameter estimation for example 

B, it should be apparent chat if we believe that the P&C large 

l o s s  da t a  i s  no t  f u l l y  c r e d i b l e ,  then  we can append more p a r a -  

m e t e r s  based  upon g e n e r a l  i n d u s t r y  i n f o r m a t i o n  as i n  example A. 

The pa rame te r  w e i g h t s  would be a d j u s t e d  a c c o r d i n g l y ,  pe rhaps  v i a  

some c r e d i b i l i t y  p rocedure .  

VII. MOMENTS AND PERCENTILES OF THE 
DISTRIBUTION OF AGGREGATE LOSS 

T h i s  s e c t i o n  d e s c r i b e s  a computer  package named RISIO{ODEL 

vh~ch t a k a s  i n f o r ~ t i o n  such a s  i n  Tab le s  SA and 6A and t r a n s f o ~ s  
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it Into moments and percentiles of the dlstribution of aggre- 

gate loss for any selected mixture of loss layers. Tables 

7A, 5A and 7B-7D document a RISKMODEL run for example A; the 

run for example B is contained in Appendix C and Tables 6A and 

7E. In both cases the printout displays both the package 

interrogatories and the user's input. Almost complete runs are 

displayed so that the reader can see how easily the complicated 

model formulas translate into a working computer package; the 

only parts eliminated are the step-by-step data input process 

and some ending details regarding further displays and memory 

storage. 

Table 7A displays the beginning of the RIS~240DEL run for ex- 

ample A. The user enters the grollp names "class i i class ~, 

• . ., class 7", specifies that there will be three parameters 

and indicates that he wants the limits matrix L D4 in the 

package to be assigned the elements of a previously created matrix 

LIMA. Since the proposed coverage is $750,000 excess of $250,000, 

the loss layers we want to consider are 0 - $250,000 and $250,000 

- $ l , 0 0 0 , 0 0 0 ;  we o b s e r v e  t h e  o u t p u t  f o r  t h e  l o w e r  l a y e r  t o  p r o -  

v i d e  an e x t r a  c h e c k  o~ t h e  r e a s o n a b l e n e s s  o f  t h e  o u t p u t  f o r  t h e  

e x c e s s  l a y e r .  For  each group  ( c l a s s ) ,  t h e r e  a r e  two rows w i t h  

lower  and uppe r  l i m i t  columns and a t h i r d  co lumn,  INDEX, which 

indicates when there is a change in group. 

The user next specifies that he wants the parameter matrix 

PAR in the package to be assigned the elements of a previously 

- ~40 - 



TABLE 7A 

R['~K(IUIIEL 
I'O NOT PANIC IF YOU HAKE AN ERROR WHILE INPUTTING, 
OPPORFUNITY TO CHANGE LATER, 

ENTER ~AJOR GHOUP NAMES AS FOLLOWS: /ORPI/GRP2 . . . . . . . . . .  
~OTE: MUST DE IN QUOTES. FOR MORE THAN I LINE OF INPUT, USE ,0 

"/CLAS~I/CLASS2/CLASS3/CLASS~/CLASSS/CLASS~/CLASS?" 

ENTER THE NUMBER OF PARAMETERS, E.G. 5 
D: 

3 

DO YOU WISH TO ( I )  INPUT VECTOR OF LIMITS, OR 
(2) USE MATRIX OF LIMITS PREVIOUSLY CREATED. I OR 2 .  
D: 

2 
E~ITER THE NAME OF IHE MATRIX OF LIMITS PREVIOUSLY CREATED 
NOTE NAME SHOULD HAVE PREFIX LIM 
LIMA 

DO YOU WISH TO SEE THE ~IM MATRIX. Y OR N 
Y 

LIMITS 
LOWER UPPER INDEX 

0 250000 I 
250000 lO00OO0 0 

0 250009 1 
250000 1 0 0 0 0 0 0  0 

0 2 5 0 0 0 0  1 
250000 I000000 0 

0 250000 1 
250000 I000000 0 

0 250000 I 
250000 I000000 0 

0 250000 I 
2 5 0 0 0 0  1 0 0 0 0 0 0  0 

0 250000 I 
250000 1000000 0 

DO YOU WISH TO MAKE ANY CHANGES IN THE LIM MATR2X. Y OR N 
N 

DO YOU WISH TO 
(I) INPUT VECTOR OF PARAMETERS FOR THE FIRST SUBGROUP OR 
(2) USE MATRIX OF PARAMETERS PREVIOUSLY CREATED. 1 OR 2 
D" 

2 
ENTER THE NAME OF THE MATRIX OF PARAMETERS PREVIOUSLY CREATED 
NOTE: NAME SHOULD HAVE PREFIX PAR 
£ARA 

DO YOU WISH TO SEE THE PAR MATRIX. Y OR N 
Y 
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created matrix PARA. The parameter matrix was displayed in 

Table 5A. 

Table 7B continues the run after the display of the para- 

meter matrix PAR, Next displayed is a matrix of intermediate 

calculations for layer i: 0 - $250,000. The notation here is: 

(7.i) A - layer lower bound (here A - O) 

B = layer upper bound (here B - 250,000) 

S - ground-up loss amount random variable 

PCS~A3 - i-Ci(AI0) 

P[S>B] = l - e l ( s i s )  

g 

~s*m3 - f x~ dCl(xle) 
A 

where 

for each group i for each 0 

for each group I for each e 

for each group i for each 8 

m - l, 2, 3 

c i ( x l e )  " Prob[Sl ! =[e3 

These values will be used to calculate the moments of the aggre- 

gate loss L given 8 by using foz~nula (4.7). They are displayed 

so that the user can check that the run is going alrlght. 

Table 7C eoatlaues the run with a display of a matrix of in- 

termedlate calculations for layer 2: $250,000 - $1,000,000. 

These ere similar to those for layers i except that here A - 

250,000 and B m 1,000,000. Next input are the selected c'a 
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TABLE 73 

DO YOU WISH TO M~KE ANY CHA~GES IN THE PAR MATRIX. Y OR N 
N 

GROUPS AND PARAMETER INPUT COMPLETED 
TO PROCESS iNTERMEDIATE CALCULATIONS, HIT EXECUTE 

[~0 YOLI WIS~ TO PRIP~T THE INTERMEDIATE CALCULATIONS, 
P [ S : A ] , P L S > B ] , E [ S I , E [ S ~ 2 ] , E C S m 3 ] .  Y OR N, 
Y 

GROUPS 

CLASSI I 
CLASS1 2 
CLASSi 3 
CLASS2 1 
CLASS2 2 
CLASS2 3 
CLASS3 1 
CLASS3 2 
CLASS3 3 
CLASS4 I 
CLASSY 2 
CLASS4 3 
CLASS5 1 
Ct.ASS5 2 
CLASS5 3 
CLASS6 1 
CLASS& 2 
CLASS6 3 
CLASS7 1 
CLASS7 2 
CLASS7 3 

LAYER 1 

PES>A] P[S>B] E[S] E[SN2] E[S*3]  

.000 .021 2.21&E04 1.B13E09 2.~15E14 

. o 0 0  . 0 2 6  2.250E04 1.870E09 2.546E14 

.000 .034 2.363E04 2 . 0 6 5 E 0 9  2.868E14 

. 0 0 0  . 0 2 1  2 . 2 1 6 E 0 4  1 . U 1 3 E O q  2 . ~ 1 5 E 1 4  

.000 , 0 2 6  2,258E04 I,UTBEO? 2,5~6E14 

. 0 0 0  . 0 3 ~  2 , 3 6 3 E 0 4  2.06~E09 2.86OE14 

.000 .024 2 . 3 9 2 E 0 4  1.985E07 2 . 6 6 0 E 1 4  

. 0 0 0  , 0 3 2  2 . 5 0 0 E 0 4  2 . 1 5 4 E 0 7  2 , 9 6 0 E 1 ~  
, 0 0 0  .OW2 2 , 7 1 7 E 0 4  2 . 4 5 7 E 0 9  3 . ~ 5 6 E 1 4  
. 0 0 0  . 02&  2 . 4 7 B E 0 4  2 . 0 9 3 E 0 9  2 . 8 2 4 E 1 4  
. 0 0 0  . 0 3 4  2 .505COLt  2,261EOq 3,12#E14 
. 0 0 0  .OU4 2 . 8 0 2 E 0 ~  2 . 5 7 1 E 0 9  3 . 6 3 2 E 1 ~  
. 0 0 0  . 0 3 0  2 . 6 4 2 E 0 4  2 , 3 0 q E 0 9  3 . 1 4 6 E 1 4  
. 0 0 0  ,038 2,7~5E04 2 , 4 6 8 E 0 9  3.~44EI~ 

,000 .050 2.962E04 2.787E09 3.973E14 
. 0 0 0  , 0 2 4  P . 3 9 2 E 0 4  1 . 9 8 5 E 0 9  2 . 6 6 0 E 1 ~  
, 0 0 0  , 0 3 2  2 . 5 0 0 E 0 4  2.154E09 2.960EI~ 
, 0 0 0  . 0 4 2  2 . 7 1 7 E 0 4  2 . 4 ~ 9 E 0 9  3 , ~ 5 6 E 1 ~  
, 0 0 0  . 0 3 3  2 . 7 9 5 E 0 4  2 , 5 0 7 E 0 9  3 , ~ 6 3 E 1 4  
. 0 0 0  . 0 4 3  2 , 0 9 3 E 0 4  2 . 6 6 7 E 0 9  3 . 7 5 6 E 1 4  

1 . 0 0 0  . 0 5 5  3 . 1 1 0 C 0 4  2 . 9 9 4 E 0 9  4 . 3 0 3 E 1 ~  
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TA3LE 7C 

LAYER 2 

GROUPS P[S:.A] PISs.B) E[S3 E[S*2]  EES*3] 

CLASS) I .021 .003 D.OlSE03 4.093E09 2.431E15 
CI,ABSI 2 .02& .005 9.75qE03 5.103E09 3.097E15 
CL¢,$51 3 .034 ,007 1.227E04 6.522E09 q. O14E15 
CLASS2 I ,021 .003 8.015E03 4,093E09 2.431E15 
CLASS2 2 .026 .005 9.75~E03 5,103E09 3.097E15 
CLASS2 3 .034 .007 1 .22TE04  6.522E09 q.O1qE15 
CLASS3 I ,024 .003 ?.025E03 ~.622E09 2.753E15 
CLA$S3 2 . 0 3 2  . 0 0 6  1 . 1 7 6 E 0 4  6 . 1 7 7 E 0 9  3 , 7 6 3 E 1 5  
CLASS3 3 .Oq2 , 0 0 9  1 .513EOq 8 . 0 5 9 E 0 9  q . 9 6 7 E I S  
CLASS4 ) , 0 2 6  .00~ 9 . 7 0 1 E 0 3  q . O 7 3 E b 9  2,96qE15 
CLAS~ 2 .034 ,006 1 .253EOq 6.5BDEO? q.O16E15 
CLASS4 3 .Oq4 .009 1.605E04 O . 5 5 & E 0 9  5.27&E15 
CLASS5 1 .030 .004 I.IOBEO4 5.690E09 3.396E15 
CLASS3 2 ,030 .007 I.qODE04 7,419E09 4.527E15 
CLASS5 3 .050 .010 1 .790EOq 9,551E09 5,897E15 
CLAS~ I ,024 .003 9.025E03 4.622E09 2.753E15 
CLASS6 2 ,032 .OO& 1.176E04 6.t77EO? 3.';63E15 
ELASS~ 3 .042 .009 1 .513EOq 8,059E09 4.D&7EI5 
CLASS? I , 0 3 3  , 0 0 5  1 .24DE04  6 . 4 2 3 E 0 9  3 . 8 4 1 E 1 5  
CLASS7 2 . 0 4 3  .O0@ 1 . 5 6 6 E 0 4  @.25BEO? 5.045E15 
CLASS7 3 .055 ,011 1.973E04 1.055FI0 6.520E15 

TO PROCESS MORE INTERMEDIATE CALCULATIONS, HIT EXECUTE 

ENTER EPSILON(S)  FOR WHICH PROB(LOSS>NAX. PROB, LOSS) = EPSILON.  ( 0 < ¢ $ . 5 )  
D: 

. I  .05 .01 
NOW FOR THE F INAL  PRINTOUT 

ENTER COMPANY NAME 
EXAMPLE A: A DOCTORS MUTUAL INSURANCE COMPANY 

ENTER YOUR NAME (EG. J, SMITH) 
HOWARD H. FRIEDMAN 

ENTER TODAY'S DATE (EO, JAN.  1,  1979) 
APRIL I .  1980 

ENTER IN PARENTHESIS AND OUOTES A SEVEN CHARACTER NAME FOR THE UNITS 
( E . G .  " (DOCTORS) '  OR ' - - ( B E D S ) - ' }  
g: ~ F  EXPOSURE CENTERED IN 9 SPACES 

"(DOCTORS)' 

ADJUST PAPER TO TOP OF NEW PAGE & HIT EXECUTE 
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TABLE 7D 

GROUPS 

CLASS! 
C L ~ 5 ~ 2  
G L A S S ]  
C L A ~ 3 ~  
CL~SS5 
C L A S S 6  
CLA~SZ 

T O T A L S  

S ~ o u P s  

c~.~SsI 
CLA~S 
C L A : ; S 3  

L L . 5 5 ~  
C L A S S ~  
C L A S S 7  

T O T A L S  

L I H I I S  

LOWER U I ' P [ R  
15 o 0 0 )  

250 

250 
2S0 

[ X P O S ' I R I :  

( P O C I O R n )  

2 1 5 , 0 o o  
7 7 , 0 0 0  
6 ~ , u o 0  
1 0 . 0 0 0  
~ 6 . 0 0 0  
~ , 0 0 0  
~ 1 . o o 0  

5 0 0 . 0 0 0  

EXAMPLE A;  A I+IJCTI)R~ ~ t l I I IAL INSUPA~CC CPMPANY 

L~YI~R 1 

£XPFi :  l ISP C P ~ F F .  
NlJm [,1" ~ EX Pl.(: t ~ S I ~NllA~ll IJK 

OF L O ~ H L S  L ~ S ~  D E V I A I  I U N  SKLW~rss 
( $ )  ( $ )  

1 . 3 ~  3 9 , 0 7 2  " 1 S , 2 2 7  2 , 9 9 3  
, b 9  2 0 , h 2 6  T , 3 , 9 6 ~  q . l ~ S  
, 7 0  ~3,6~11 ~ 9 , ~ q ~  3 , 9 1 7  
. 1 3  ~ , S U O  2 ~ , , s n ~  8 . 0 2 6  
,7~ ~ 0 , 3 5 9  6 6 , ? ~  3 , 6 0 6  
, 7 ~  2 5 , 0 1 S  6 1 , 0 7 6  3 . 8 1 0  

l o g  ~ 0 , 3 1 9  n o , 9 3 6  3 . 0 % ~  

O , 3 5  | 0 2 , ~ 0 ¼  l A 9 . ~ I ¼  ] . S ] ]  

~AYER 2 

L I H I I S  EXPECTED C ~ t . F F .  
.EXPOSURE NUML.ER ~ X P K C I E r l  STANPARP OF 

I .OUE~ IJPP~R OF LO~SffS I.[]S~ [ l ~ V l ~ . l l U H  S ~ W N ~ S  
( $  s a g )  ( P O S I U R S )  ( $ )  ( $ )  

P~O I 0 0 0  2 1 ~ . 0 0 0  .Oq l l , O f l ]  2 f l ,  l : ' l l  I I . ' i V ~  
2 ~ 0  I n o 0  7 1 . 9 0 0  , 0 2  ~.7.1:~ ~:~.1~;~ 1 1 . 7 9 0  
25~ 1000 ~ &.O 0 0  . 0 2  7 , 0 ~ 1  ~ , 5 9 1  1 0 . 6 3 7  
~sO l o o o  ~ . o n o "  . o o  t , ~ o ; I  2 7 , 9 o ~  2 3  I~')q 

~ O  ICGO 3 3 . 0 0 Q  . 0 ~  7 , ~ 7 S  6 q , q O ~  1 0 . 3 5 9  
2S0  1 0 0 0  ~ 1 . 0 0 0  .Oq  1 3 . Y O U  0 6 . 9 7 0  7 , 7 ~ 0  

~ 0 0 . 0 0 0  , I n  5 ~ , 3 6 7  l ? & , 3 0 ~  3 . 8 6 2  

f iAXIMLI f f  p~II I . i ' , I .LE LOSS 
O m  r ,  

l O . O  "CLAPS 2 0 . 0  Y£ARS l o 0 . ~  YEAgS 
( $ 1  151 ~L)  

1 6 0 , g 1 9  2 2 " / . & 9 2  3 8 0 . 5 6 9  
113,657 I'/2,'t66 3 1 0 . O g A  
I 2 ~ . 6 0 0  I S 7 , 3 f l q  3 3 2 . 7 0 ~  

g s , n n o  9 ~ . 6 u o  2 3 5 , 3 ~ 6  
139.709 2 0 6 . A ~ , 2  360,7~,g 
128,2Z0 l ~ l , ~ V I I  3 . ~ 8 , 3 2 ~  
170,Sg7 2~3,008 ~to. S3g 

k 2 7 . 3 0 6  ~ 3 ~ , g 7 6  7 6 5 , 9 0 7  

MAXIMUM PNOI '~P[ .~  LOSS 
ONF IN  

I 0 . 0  YEAR~ 2 0 . 0  ~ A N ~ ;  1DO.P YI .nRS 
( $ 1  ( $ )  q¢~ 

I I U . 0 2 0  2 2 1 . & ~ 0  ,~oo.v~? 
S 7 . 3 3 ~  111~,6~0 5 v 3 . 3 ~ 0  
7 0 . & I I  I q I . ~ P ~  6 ~ 3 , q 1 ~  

9 1 . 0 3 0  ~ 0 2 . 0 ~ ?  6 6 8 . 3 3 3  
7~,752 1 4 " , t ; 0 3  6 4 8 . I 6 3  

1 3 5 . 0 8 1  2 7 0 . 1 6 3  ? { 1 . 7 3 ~  

3 5 ~ , 2 0 ~  ~ 3 9 , 0 8 ~  9 6 6 . 4 3 9  

P R E P ~ R E b  BY:  HOWAR[I H.  F R I E ~ A . ~  
B A T E :  A P R I L  I ,  LgOO 



(.I0, .05, .01) for the aggregate loss dlstrlbutlon percentiles. 

In the package, the i - c percentile, L¢, the point which i has 

subjective probability ¢ of exceeding, is called "the maximum 

probable loss for one in 'e -I' years"• This wording was chosen 

to be more meanlngful to the underwriters who see the main output. 

The main output is displayed in Table 7D. Various infor- 

matlon about the distribution of aggregate loss for each layer 

Is shown. The display should be self-explanatory to actuaries. 

Note for example, the amount of "risk" being assumed by the 

reinsurer as evidenced by the coefficient of skewness: 1•513 

for the primary layer versus 3.862 for the excess layer. Or, 

notice the coefficients of variation: •930 (169,514 ÷ 182,404) 

for the primary layer versus 3.184 (176,305 ÷ 55,367) for the 

excess layer. Approximations of the aggregate loss percentiles 

a r e  in  t h e  l a s t  t h r e e  columns.  

There  a r e  many methods  f o r  a p p r o x i m a t i n g  t he  p e r c e n t i l e s  

of a dlstrlbutlon. The method used by R~SKMODEL is the NP- 

approxlr~stlon described by Beard, Pentlk~inen end Pesoneu 

(1969 - 2nd ed., 1977). This approximation is given by: 

(7.2) L~ ~ ElL3 + ( V a r [ L ] ) ½ " ( z ¢  +!l'(z~ - I)} 
6 
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where L£ is minimal such that Prob[L>Lc] ! c 

z£ = @-I(1_¢) for ~ the standard normal (O,l) c.d.f. 

YI = ~3 (L) ÷ (Var[L]) 2, the coefficient of skewness. 

A prob lem w i t h  t h e  N P - a p p r o x i m a t i o n  i s  t h a t  i f  7 1 i s  

very large (say Yl >8), then for certsXn values of ¢, the 

approximation is much too large. However, there is a natural 

bound on L¢ which RISKHODEL uses to bound the NP-approxlmatlon. 

This bound Is: 

( 7 . 3 )  L c ! c - ] ' E [  L]  

The n e c e s s i t y  of  t h i s  C h e b y s h e v - l i k e  bound i s  s een  i = e d i a t e l y  

from: 

ELL] - J x - d F ( x )  s i n c e  F ( x )  = 0 f o r  x < 0 
0 

>_ S x ' d F ( x )  s i n c e  L c >_ 0 
(7.4) Lc 

• [ L c ' d F ( x )  

£ 

- ¢ ' L ¢  

The e x t r e m e  v a l u e s  o f  7 1 ,  which t r i g g e r  t h i s  bound on t h e  

N P - a p p r o x l m a t l o n  seem t o  o c c u r  o n l y  when t h e  e x p e c t e d  number o f  

l o s s  o c c u r r e n c e s  i s  v e r y  s m a l l .  For . . - - r~ple ,  t h e  bound o c c u r s  

i n  t h e  example  A ~aim o u t p u t ,  T a b l e  7D, f o r  t h e  e x c e s s  l a y e r  f o r  
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each individual class when c - .I0, .05 and sometimes .01; 

in each case, the expected number of excess losses is less than 

.05. It does not happen for the overall excess layer where the 

expected number of losses is .18. 

Thus, in certain extreme situations, the NP-approximation 

may not be very accurate. In fact, there has been quite a dis- 

cusslon in the recent literature regarding the accuracy of the 

t~-approxlmatlon versus its various alternatives. The reasonable 

alternatives presently include: i) approximation via simulation, 

2) an NP3-approximatlon which uses the fourth moment of L in 

addition to the first three and 3) approximation via the 3- 

parameter gamma distribution. See the argument carried on in 

Kauppl and 0Jantakanen (1969), Seal (1977), Pentik~inan (1977) 

and Seal (1979) and also the  discussion in Cummins and Frelfelder 

(1978). 

The reasons to use the h~-approxlmatlon are: 

1. it is easier to compute than any of its reasonable 

alternatlves. 

2. in most situations, it is lust as good. 

3. it is slightly conservative; that is, L C is less than 

the NP-approximation. 

In particular, it is as good as the alternatives for the usual 

excess-of-loss casualty working cover situation. Beard, Pantlk~inen 

and Pesonan (1977), p. 5, said it well: "Thus it is important 
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not to develop mathematical tools of disproportionate accuracy 

(and complication) without regard to the context in the problem 

being solved". 

The example B run, Appendix C, has four pollcy limit groups 

and four parameters (see p. CI). The reason for grouping by puIicy 

limit should be obvious. Asaln, the limits and parameter matrices 

have been previously input. Mince the proposed coverage is 

$400,000 excess of $iO0,000, the loss layers of interest are 

0 - $I00,000 and $i00,000 - mln {$500,000, policy limit}. The 

parameters, Table 6A, were discussed in detail in Section Vl. 

The intermediate calculations and the c selection (pp. C2 and C3) 

are analogous to example A. 

The main output is displayed in Table 7E. Again note the 

"risk" Being assumed by the reinsurer as evidenced by the co- 

efficient of skewness: .216 for the primary layer versus .437 

f o r  t he  e x c e s s  l a y e r .  Or a g a i n  n o t i c e  tbe c o e f f i c i e n t s  o f  v a r i a -  

t i o n :  .129 (1 ,247 ,991  ÷ 9 , 6 7 8 , 6 1 8 )  f o r  the  p r ima ry  l a y e r  v e r s u s  

.287 (642,998 ~ 2,238,766) f o r  the excess l aye r .  Note chat there 

is much less uncertainty in example B than there was for example A. 

Since we are using "base frequencies" as explained in Section VI, 

the expected number of losses in layer i are probably understated; 

the expected loss in layer I may also be understated. The estl- 

mates  f o r  l a y e r  2 have no knosm s y s t e m a t i c  b i a s .  
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T A B L E  7E 

EXAMPLE S: PSC iNSUlANt(  COI4P4NY-O~N'ERAL LIABILZTY 

LATER ! 

~1~11~ EXPI[CTED COEFK. M~XI~IJH PROBATqL,E LOSS 
EXeOSUIt[ NI.JII~B~:A [XPEC1[b STANDARD OF ONE |N 

LOVES UPPER OF LOSES L O S S  D(VIAT!ON OKEVNCS9 |B,O YEAIS 20.0 YCAf lS ! O | , i  YEARS 
OI~JPI ( I  O i l )  tOOl) co) co) ($ )  ( I )  ($ )  

O L / 2 I i  l I I I  1 2 ? ~ . i l l  I ] . 9  SOS,931 219,139 ,662 780,360 08~,753 1,100,611 
GL/2~I  i |10 I | ? S . O i i  1 3 . ~  k03,931 219o139 .662 701,360 085,7~3 I , l O O , 6 l O  
~tJS~O I | i S  23~0,100 2 7 , | ?  967,962 314,939 .~01 | ,Z07,750 1 .529 ,07 ]  l , O l 2 . O ' 5  

YOT/ed,*8 235gO,O00 ~ ! , 6 6  9 , 6 7 0 . 6 1 9  1 .2~7 ,991  ,216 1 1 , 3 0 7 , 1 6 6  1 1 , B 0 0 , ~ 7  1 2 , 7 0 0 , 6 0 6  

L~Y[R 2 

LZH|T9 (XPECT'[D COEFF. RAXZ~U.~ PROBAE;1.~ L,OS8 
[XPOgURI[ NUHJI1Em EXPECTED 8TANPARD OF ONE IN 

LOI/ER UPPER ~ LOSSES L O S S  DI~VIATION SK[UH(SS |O*g Y(AIm 20.0 Y[RRS | 0 0 , |  7[RRB 
OROUP'9 (B 000) (OiO) ($)  ( t )  (e )  ( s )  (e )  

a l l 2 0 0  lOO 200 117~+10| | . q 6  77,g23 79,995 1.22v4 191,0+6 236,~86 335,192 
GL/2SI I00 251 I 1 ~ , 0 0 0  | .S6  91+81~ lOe,s9~ 1.3~2 235,g95 296,823 ~ 7 , 2 8 6  
OLISSI LO0 350 2350.100 2.92 213.77~ 180.223 1*123 q66.qS6 ~ & ? . o ~  782,016 
OL/~OI+ 100 SO0 IOO00,O00 23,37 1 .8~6 , | 56  600,30S ,qO6 2,656,95q 2.926,009 3,~67;6~5 

TOT~O 23~00,100 29,21 2 ,230,766 6~1,990 ,~37 3 . | 9 1 , 6 9 6  3.37~,779 3,930,912 

PREPARED BY: R44.PH H, CEL.LARS 
gATE: OCTOBER 31, 1979 



V I I I .  CONCLUSION 

We tmve d e s c r i b e d  a p rocedure  f o r  estimating the distrl- 

b u t i o n  of  the  a g g r e g a t e  l o s s  f o r  the  nex t  coverage  year  of  an 

e x c e s s - o f - l o s s  c a s u a l t y  working cove r  r e i n s u r a n c e  t r e a t y .  R e c a l l  

t h a t  f o r  both t r e a t y  p r o p o s a l s , f o r  each i n d i v i d u a l  l o s s  t he  

r e i n s u r e r  s h a r e s  t he  a l l o c a t e d  l o s s  a d j u s t m e n t  expense (ALAE) 

pro r a t a  a c c o r d i n g  t o  h i s  sha re  of t he  l o s s  ( t he  r e i n e u r e r ' s  

unallocated loss adjustment expense is included in his general 

overhead  expense ) .  The ALAE share increases the reinsurer's 

aggregate loss by 3% to 6g depending upon the line of business 

and the excess layer. For both examples, we will increase all 

aggregate loss figures by 5%. 

According to the list in Section llI, there are four more 

general items to consider before deciding about the adequacy of 

the rate offered on example A or before proposing a rate for 

example B. Without offering complete, elegant solutions, let us 

briefly consider those items (2) - (4). 

Item (2) is the potential distribution of cash flow. Both 

p r o p o s a l s  a r e  f a i r l y  t y p i c a l  e x c e s s - o f - l o s s  c a s u a l t y  w o r k i n g  

c o v e r s  which we may assume w i l l  have s t a n d a r d  monthly or  q u a r t e r l y  

premium payment patterns and typical long tail casualty loss pay- 

out patterns. That simple general cash flow models can be con- 

structed should surprise no one who has read the CAS exam materials. 

In the long run, such general models should be constructed so that 

- 451 - 



any two treaty proposals can he compared to each other. However, 

even wlthout such models explicitly set up, we can say something 

about these two treaty proposals. For Instance, based upon 

typical medical malpractice clalms-made loss payment patterns, 

the one year aggregate loss expected values or higher percentiles 

for example A could be discounted from 10% to 15% on a present 

value basis with respect to rates-of-return on investments of 5% 

or greater. Based upon typical casualty loss payment patterns, 

the discount for example B would he 10Z to 20%. The present values 

of the premium payments for both examples would be discounted 

around 5%. How this is viewed by the reinsurer depends upon items 

(3) - (s).  

Item (3) is the collection of the relnsurer's various cor- 

porate financial parameters and declslon-maklng criteria. Assuming 

that the reinsurer is at least moderate sized and is in good 

financial condition, then neither proposal in isolation leads to 

overwhelmingly complex decision problems; there is nothing un- 

usual o r  very exciting here. It is highly unlikely that either 

treaty by itself could hurt such a reinsurer very much. However, 

t h e  loss results of a whole portfolio of typical medical mal- 

practice treaties, for example, would be correlated and could hurt 

a l o t  i f  p r i c e d  b a d l y .  

I t e m  (4) i s  t h e  s u r p l u s  n e c e s s a r y  t o  " s u p p o r t "  a t r e a t y  f rom 

the relusurer's point-of-vlew and i t o m  (5) is the potential dis- 
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trlbutlon of the rate-of-return on this "supporting surplus". 

These are very ambiguous but we believe useful concepts. Strictly 

for lllustrstlon, let us define an ad-hoc measure of supporting 

surplus for our two treaty examples. In each case, we will con- 

sider the supporting surplus to be the  difference of  the 90th 

percentile of the distribution of aggregate loss and ALAE minus 

the pure premium (that part of the premium available to pay losses). 

The A Doctors' Mutual Insurance Company proposal, example A, 

is expected to be profitable to the reinsurer based upon the 

1980/81 expected aggregate loss of $55,367 in the layer $750,000 

excess of $250,000 (Table 7D) and an expected net reinsurance 

premlu~ of $115,248 (Appendix A, p. A3). But the 90th percentile 

of the reinsurer's subjective distribution of aggregate loss is 

$354,284 (Table 7D), over three times the net premium. This is 

very risky, and our ad-hoc supporting surplus is (1.05 x $354,284) - 

(.97 x $115,248) = $260,208 (take 3% out of the net premium ~or 

overhead expenses). The expected rate-of-return on this supporting 

surplus is 21Z (((.97 x $115,248) - (1.05 x $55,367)) ~ $260,208). 

The reinsurer's decision to accept or reject the proposal would 

be based upon h i s  a t t i t u d e  toward r i s k  and upon the  e x t r a  premium 

he wants for assuming such risk. 

Example B could be profitable to the reinsurer if he can 

negotiate a reasonable net rats with the P&C Insurance Company. 

E x a c t l y  what t h e  f i n a l  r a t e  w i l l  be  depends upon the  two com- 
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p a n i e a '  a t t i t u d e s  toward r i s k ,  t h e i r  e e p a r a t e  e v a l u a t i o n s  of  the  

l o s s  p o t e m t l a l ,  t h e  r a t e s  t h a t  arm a v a i l a b l e  f o r  such c o v e r a g e  

in the  relnsuraace marketplace and finally the amount of premium 

that P&C le collecting from his insureds for the layer $400,000 

excess of $i00,000. A quick check of the 150 increased limits 

f a c t o r s  f o r  s t a t e  B fo r  t h i s  c o v e r a g e ,  i . e . ,  t h e  p r e m l s e s / o p e r a t l o n s  

b o d i l y  i n j u r y  t a b l e  g (XSO 8 u b l i n e  Code 314) ,  i n d i c a t e s  t h a t  about  

15Z of P&C's gross general llab111ty premium is collected for 

t h i s  l a y e r .  Since the expected excess aggregate l o s s  i s  

$2,238,766 (Table 7E) end the expected gross d i r e c t  earned .premium 

is  $23,500,000 (Table 7E t o t a l  exposure) ,  there  Is  room to  nego t ia te .  

Pure ly  f o r  i l l u s t r a t i o n ,  suppose tha t  a f l a t  net  r a t e  of  

12X is  nego t ia ted  f o r  example B. Then the r e i n s u r e r ' s  premium 

is  .12 x $23,500,O00 - $2,820,000 and b in  pure premium i s  .97 x 

$2,820,000 - $2,735,400. The 90th p e r c e n t i l e  o f  the r e t n s u r e r ' s  

sub jec t i ve  d i s t r i b u t i o n  of  aggregate loss  i s  $3,091,686, so our 

ad hoc s u p p o r t i n g  s u r p l u s  i s  (1 .05 x $3 ,091 ,866)  - $2,735,400 - 

$511,059. The expected rate-af-return on this supporting surplus 

is 75Z (($2,735,400 - 1.05 x $2,238,766) + $511,059). 

Tf the insurer and the reinsurer disagree strongly an the 

loss p o t e n t i a l ,  the ra te  could be nego t i a ted  to  inc lude a p r o f i t  

commission arrangement by which they would share good years and 

bad yea r s  f a i r l y .  Re in s u ra nc e  c o n t r a c t  wording  i s  often v e r y  

i n v e n t i v e ;  t r e a t i e s  a r e  custom-made f o r  the  p a r t i c u l a r  s i t u a t i o n ;  
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the terms are adjusted to suit both parties. This is an example 

of a fundemental principle of reinsurance: reinsurance works 

best when it is a long term beneficial partnership between the 

parties. 

Ne hope you noticed that the models, estimation techniques 

and decision procedures presented in this paper are not really 

specific to excess-of-loss reinsurance. They may be useful for 

pricing any large casualty contracts; with suitable modifications, 

they are useful for property insurance also. You may have noticed 

that we have presented no cookbook formulas for pricing reinsurance; 

the area is too rich in diversity and too interesting for such 

simplistic nonsense. We consider the work described here as only 

the beginning of a truly satisfying pricing procedure. 

We close by noting that the Bibliography contains some papers 

on excess reinsurance pricing in addition to thoee previously 

mentioned. You will find most of these to be informative and 

i n t e r e s t i n g .  
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Ai 

EX~24PLE A: 

A2PENDIX A 

A DOCTORS' MUTUAL INSbqRA/4CE C0~,~PAlrf 

Parameter Selection 

(i) 
Doctor 
Class 

1 
2 
3 
4 
5 
6 
7 

(2) (3) (4) (5) (6) (7) 
Frequency Medium Severity Low Medium High 

Offset Frequency Offset B 8 S 

.90 .0062 1.00 23,640 18,450 18,155 
1.30 .0090 1.00 23,640 18,450 18,155 
.65 .0106 .90 23,923 20,I06 20,597 
.80 .0130 .95 25,253 21,224 21,742 

1.00 .0163 1.05 27,911 23,458 24,031 
1.30 .0212 .90 23,923 20,106 20,597 
1.20 .0195 1.15 30,569 25,692 26,320 

(i) 

(2) 

(3) 

(4) 

(5)- (7) 

ISO old class plan. 

Selected on the basis of ISO data; the class I, 2 countrywide 
mean frequency is selected to be .O385 and the class 3 - 7 
countrywide @ean frequency is selected to be .0904 for i/I/81. 

The state A frequency 6ffset is selected to be .90; the first 
year clalms-made offset is selected to be .25; the contagion 
(multiple doctors per incident) is selected to be .80, To- 
gether with col. (2), these offset the countrywide mean fre- 
quencies in note (2). For example A, the low and high fre- 
quencies are selected to be + 20% of the medlum frequencies. 

Selected on the basis of ISO data. 

The state A severity offset is selected to be .70; the con- 
tagion offset is selected to be 1.25. Together with col. (4). 
these offset the countrywide ~ parameters on p.A~. 
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A2 

APPENDIX A 

EXAMPLE A: A DOCTOHS' MUTUAL INSURA/~CE COMPANY 

General Loss Amount Distribution Model 

Countrywide Loss Amount Parameters: 
i/1/81 

6 ~ XF 

Physicians - low 27,017 I.$84 I000 .808 
(i, 2) - medium 21,086 1.298 i000 .856 

- high 20,749 1.191 i000 .838 

Surgeons - low 30,378 1.465 I000 .856 

(3 - 7) - medium 25,531 1.278 I000 .886 
- high 26,155 1.189 I000 .895 

The parameters are selected based upon ISO medical malpractice daLa 
via maximum llkellhood estimation - See Patrlk (1980). The gen- 
eral loss amount c.d.f, is the L-parameter Pare~o described in 
Appendix D. 
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A3 

APPEffDI X A 

E'X~,'.[PLE A: A DOCTONS' MUTUAL INSUPJLNCE C014PAi-,5 

Estimated Premium: 7/1/80 - 6/30/81 

(I) (2) (3) 

1980 
D o c t o r  # in iM/3M 
Class Class Rate 

1 215 $ 400 

2 77 720 

3 65 1,200 

4 II 1,600 

5 46 2,000 

6 35 2,400 

7 51 3,200 

500 

(4) 

1980 
1MI3M 

Premium 

$ 86,000 

55,440 

78,000 

17,600 

92,000 

84,000 

163~200 

$576,240 

(I) These are older ISO doctor class plan. 

(2) Based upon ISO doctor distribution and the estimate 
of 500 doctors. 

(3) First year claims-made rates to be used by A Doctors' 
Mutual Insurance Company. 

(4) The reinsurance net premium is .20 x $576,240 = $115,248. 
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I 

r~ 

I 

Trend  I~t~lmted 
Fmctor  R©tentto~ 

2.966 $25,291 1973 Avg. $ 
t 

2. 539 29.540 1974 Avg. $ 
# 

2.17& 3&,$02 1975 Avg. $ 
f 

1,861 60,299 1976 Av 8 • $ 
# 

1.593 47,069 1977 Av$. $ 
# 

1.366 ~ , 9 7 6  197B AVlS. $ 
I 

EXJLMPLE I :  P&C INSL~/J~CE COtTP/cNT 

Avermge Incur red (Ground-Up) and Occurrence Loss DeveLopment 
[xcess o~ ~ . ~ j _ ~ a t  19S0 Leve l  as of 6/~0/79 

Fgltpovtenttsl Trend ~,xl~l 

Accident A~e In Nonths 
• Year IB 30 42 54 66 78 

HA 141.778 170,019 162.867 1§9,706 159.117 
19 ]0  65 64 46 

117,269 136,211 165.289 173,331 183,696 
4 17 39 64 43 

92.26B 103,421 113.232 127.553 
2 21 2B 61 

112.&82 109,284 109.583 
5 10 24 

0 100,650 
0 14 

103,172 
3 

AvQra~e I n c u r r e d  / q~e - to -U l t lm~ te  F a c t o r s  
18 - U I& .  30 - U l t .  ~2 - U ] [ .  56  - U l t *  66  - U l t .  

Fa:tual* ] 1 .2 ]  1.22 1.0~ 1.02 l .O0 

Selected I 1.20 1.12 1.05 1.02 1.00 

Occurrence (count )  ARe- to -A~  Factors 

18 - 30 30 - k2  42  - 54 56 - 66 66 - 78 
Actua l  •*  ( 5.64 ] .81  1 .14  .98 1.05 

Selected ] 5.22 1.94 1.36 .98 1.05 

• based  on ~e lgh t , ed  evern~e  i n c u r r e d  
• & bsBed on &vQragQ n ~ b c r  of  occu r r enceB  



Trcnd 
F a c t o r  

2.964 

2.420 

2.O12 

1.721 

1.506 

1,350 

Def la t ed  
Retention 

$25,299 

30,992 

37,283 

43,584 

49,817 

5~,546 

EXAHPLE ~: F6C ]NSURgNCE COHPANY 

gv l r age  fncurrQd (Crcund-Up) and Occurrence Loss Dovelopn~ent 
Exceel Of ~751000 ut 1980 Lcvu l  as o£ &/30/79 

Econometric Trend Hod e l  

tS~ 1~ Honth~ 
Acc ident  

Year 1R 30 4Z 54 

1973 Avg. $ 170,257 
# 20 

1974 ^vg, $ 160,O26 
# 38 

1975 Avg. $ 124,117 
# 18 

1976 Avg. $ 102,667 
# 23 

1977 ~vE. $ 
# 

1978 

66 7B 

Avg. $ 
# 

NA 141.960 163,076 159,912 259,321 
19 45 44 46 

111,925 140,014 ]72,256 183,063 
4 14 41 40 

100,600 118,962 131o$88 
I I I  32 

121,726 121.905 
5 9 

O 95,101 
0 14 

102,150 
3 

Aver lge  ] nuc f red  Age-to-U1¢imate Fac tors  

16 - U l t .  ~0 - U l t .  42 - I]1~. 54 - 01¢. 66 - 01¢- 

I 
A c t u a l *  J 1,16 1,12 1.03 1.02 1.00 

Se lec ted [ 1,20 1.12 1.05 1.01 1,C0 

Occurrence (coun t )  kge-co-P~e Factors 

1 8  - 3 0  3 0  - 4 2  4 2  - 5 4  5 4  - 6 6  6 6  - 7 8  

A c t u a l * *  4,RO 

Selec ted 5.22 

2,06 1.37 .98 1.05 

1.9~ 1.36 .96 1.05 

baced on wetghted avarage i ncu r red  
a* based on average number o f  occurrences 



EXAMPLE B :  P&C INSURANCE CO{'-[PANY 

WEI l l U L t .  D [.ST R [ loUT l i l t ;  . 
ACCJ[ ,ENT YCAR ,~V,E-TO-AGE F'6C1~]05 

M C ~ N  P ~ R A ~ T ~  I ~  "TO 3 f i  "TO ~1~ TO 5L~ TO 6!~ IO  ? 0  111 90  TO 10~  10  I l l :  f r l  
MON.  SCALE ~JIIAPE 3q 'T?. 3[,  6 t ,  71] '70 1O:T 1 1 '; UL.T 

2 7  3 0 . 0 0 0  2 . 5 0 0  t~ . 050  1 . 7 9 0  I . ? t E l  1 . ~'~'~ I . L~II~ 1 . L I ~  1 . 0 0 ~  1 . 0 ~ 0  l . O O n  

2E] ~33.00O L~.'.sBO ~ . I ' / ?  I . [ q ] 6  1 , : ! ' I : .  ~ I . 0 , ~  J.  LIIJ't 1 . 0 0 |  l . O 0 0  ] . [ IUO 1 . 0 0 0  
:.'9 .~.3. OOq ~ . 3 0 0  I 1 . 2 3 5  1 . 9 2 7  1 . ~ 7 9  1 . 0 7 7  I , (113 I . fl[) [ ~ ,~0[~ ] . [1(10 ] . ~  
,3(] 3z~ .UO0  ~ , . ~Of l  ¼ .?L~tl  ~ , rt/~/~ $ , ~ [~  1 .0 ' ; 1  1 . 017  I , [)1).~ 1.0110 [ . g t l o  I ,o rJo  

31 3 5 .  OOO 2 . 3 0 0  ~ . 3 3 6  2 . 0 0 3  1 . 3 : ; ~  1 J {1'.; ~ . 0 : ' .  ~. I . II11:'~ 1 . f lUO I ,  I ' : lO 1 . ( I f l l l  
3 2  3 & . ~ u q  2 . ~ 0 0  ~ .  :.:UJ 2 , 0 3 0  1 . 3 / l ]  1 .  I : ' .0 I .  9'.'.7 1 . q ~  1 . 0 0 ~  1 . 0 9 0  1 . 0 t ~ 9  
~3 3 7 , 0 q 0  ~ . 5 0 0  t~ . q: '?.  2 .  0"11 I i , I ]3  I . J. l~j  1 , f l  ;'1 ] . 0;1!~ I .011[ l . f l i [ O  1 . ~JC~) 
3'~ 311. (tO0 2 . 5 0 ( 1  I$ • N/ . [ I  2 , 1 0 2  1 . 11:~1 1.  1:',1 ] . ( I h t  l . C n 7  1 . P O t  1 . P ~ 0  1 , : t (13 
3 ~  3 '? .  000  . ~ . ~ 0 0  t~ .ml'13 2 . 1 3 1  1 . =1L*:! 1 . 1 A 7  I . [ ]4 ' /  J . ( I J O  I . I JP I  I .Ol!O 1 . ( l ~ l l  

~7  30 .000  2 . ' / ~0  :1, t , - / , i  1 , 0 ' t 7  1 ,  .~.111 1 ,  I).~ [ ] , 00~ !  | . ~ ,~0  I ,  0(11"~ ] , []110 1 .'11~0 
~ 8  ~ 1 . 0 0 0  ~ .  7',30 g .  7,',0 1 . ' / ~  1 . : " l ~  1 . 0 ~ 1  | . Oll.~ 1 . (100 l . l l f l O  [ ,P f :9  1 .F=AI] 
: H  3 '~.  [ Ip0 2 , ' 7 ~ U  ~ .112~'7 2 . 0 9 7  I . i '  ,;J I .  t1'.333 1 .  I)P'., I ,  Dr i l l  I .  Ltrlg I . f lUO I r l ; lO 
2 9  ~ 3 . P 0 0  .~.. ?;',0 II . ','1 .~' 2 . 0 6 1  1 . : . l l  0 I . 0/,11 1 . 0 0 7  1 . 0 0 0  1 . { I P P  I , [ ' 0 ( I  I , ('{]lJ 

mk~" 30  3 ~ . 0 0 0  ~ .  7L.O q . ~ T U  2 . 1 1 0  I .3=)~  1 . 0  ?'/ 1 . 0 [ 0  1 . 0 0 1  1 .( IUO 1 . 0 [ 1 0  1 . O 0 0  

31  3 ~ . q ~ O  2 . 7 ~ 0  5 . 0 ~  ~ . 1 5 7  1 . 3 7 q  l . g ? : l  l . O t [ ~  1 . f l 0 1  l . O q O  1 . 0 ; 1 0  J . g n o  
32  3 & . O P O  2 . 7 ~ 0  ~.D~' l~  2 . ~ 0 1  l . q O ~  1 . 1 1 0  1 1 1 1 ~  ] . 0 0 ~  1 . 0 0 ~  1 . 0 n o  : . ~ 0 ~  
3 3  3 7 . 0 0 0  2 . 7 ~ 0  5 . ] 4 ~  2 . 2 , 1 ~  1 . 4 3 7  I . t 2 0  1 . 0 : ' , ~  l . ( l ( ; : ~  1 . 0 0 0  1 . 0 0 0  1 . N n O  
3~ 3 G , O U O  2 . 7 0 0  5 . 1 V 3  2 , 2 3 l  t , q t , ~  1 . 1 4 %  1 . ~ 3 1  1 .00~ I  1 . 0 0 0  1 . 0 0 0  l . ! l O 0  
3 ~  3 7 . 0 0 0  2 . 7 5 0  ~ . ~ 3 6  2 . 3 1 0  l . X l ' ~ /  1 . 1 6 ~  1 . 0 ~ 0  1 . 0 0 ~  1 . 0 0 0  1 . 0 0 0  1 . 0 ~ 0  

* Expected value of annual a~e-to-ege factors that would be Rcnerated 
Jf the report legs of losses occurr~n~ in each month are distrlbuted 
according to the ~elbull dlstrlbut~on with specified parameters. 

*e Report le R c.d.f, selected with respect to hoth trend models. 

> 
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APPENDIX B 

EXAMPLE B: PbC INSURANCE COMPANY 

Number of IBNR Occurrences Excess of $75m000 
at 1980 Level as of 6/30/79 

Total number of IBNR occurrences excess of $75,000 f o r  

accident years 1973 - 78 as of 6/30/79 are estimated using 

the  method d e s c r i b e d  i n  P a t r i k  (1978) .  

(Known)" 
Total IBNR = 

1 - m 

Here 

Know 

- 87.2 and 80.4 w i th  r e s p e c t  t o  the 
e x p o n e n t i a l  and economet r i c  trend 

models, r e s p e c t i v e l y .  

total number of known occurrences excess of 
$75,000 for accldent years 1973 - 78 as of 
6/30/79. 

171 and 158 w i t h  r e s p e c t  to  the  e x p o u e n t i a l  
and e c o n o m e t r i c  t r e n d  mode l s ,  r e s p e c t i v e l y .  

KP m 

EP 

EPm'[i - W(~m)3 

EP 

.3375 for months m such that 1/73 < m < 12/78 

monthly exposure base, in this case GL gross 
direct earned premlum at present rates, 
f o r  1/73 < m < 12 /78 .  

m~ KP m f o r  1 /73  < m < 12/78 
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W(.) selected report lag c.d.f. (see~p. B3). 

x m - ~ x ' i m u m  o b s e r v a b l e  r e p o r t  l a g ;  t h a t  i s ,  f o r  
accident month m the difference bergen 
6/30/79 and the mid-point of m. 

Letting IBNR(x;6/30/79) denote the number of IBNR 

occurrences for accident year x as of 6/30/79, the total IBNR 

is allocated to accident year x using the formula: 

IBNR(x;6/30/79) - R • ~ EPm.[I - W(Xm) ] 

where 
Known + Total IBN~R 

R = t 
EP 

I/x !m ~. 12/x, and x - 73 .... ,78. 

The assu~ptlons underlying this IBNR method are: 

I. homogeneous coverage groups 

2. the ratio of ultimate number of occurrences to 
earned exposure is constant and independent of rice 

3. the report lag distribution does not vary with 
occurrence d a t e .  
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EXAMYLE B: P~C ~NSU~NCE COMPANY 

Excess  and Base Freque~tcles ~nd Excess 1BNR 
by Accident Year ac 1980 Level 

E x p o n e n t i a l  Trend Hedet 

A c c i d e n t  
Year 

1973 
1974 
1975 
1976 
1977 
1978 

S e l e c t e d  

P r e s e n t  L e v e l  O c c u r r e n c e s  Excess  o f  $75 ,000  
Gross  D l r e c t  F requency  

Earned  Premium Known IBNR ~ Excess Of 
~000~ ( 6 / 3 0 / 7 9 )  (6/30/79) U1timmte $75,000_ 

$24,524 46 0 46 .0  .OOi9 
21 ,860  43 .5 43.5 .0020 
19,435 41 3.2 44.2 .0023 
19,685 24 12.5 36.5 .~019 
21,137 14 28.6 62.6 .0020 
22,701 3 42.4 65.4 .0020 

Base Frequency*  

e . d . f . ( 1 )  e . d . f . ( 2 )  

.0108 .0128 

.0116 .0 ]35  

.0131 .0155 

.0108 .0 ]28  

.01]~ .I)135 

.0114 .~135 

.0108 .0135 

* Base f r e q u e n c y  - e x c e s s  f r e q u e n c y  d i v i d e d  by t h e  p r o b a b l l i C y  oE an o c c u r r e n c e  
e x e e e d l ~  $73.080 fo r  l o s s  amount c . d . f . ( 1 )  and c . d . f . ( 2 ) .  

t~ Based on t h e  ZENR method d e s c r i b e d  in  Appendfx B, pp.  B6 nnd B5. 



19?3 526.524 66 0 46.0 .no19 
1974 22,8bO LO .c ‘0.4 .0018 
197s 19.039 32 2.9 34.9 .O",R 
1976 19.685 23 11.5 34.5 .OOlR 
1917 21,117 IL 26.6 L0.L .0019 
1978 22.701 3 39.2 42.2 .0019 

Selected 

ssss Frcqucncy* 
c.rl.f.<4~ C.d.f.(3) 

.0101 .0104 

.0096 .“0?9 
SO096 .CO99 
.0"96 .00?9 
.OlOl .0104 
.o\n1 .01OL 

.0096 . OlO‘ 
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APPENDIX C 

EXA~£~I,EB: P&C INSURANCE COMPANY RISK]MODEL RUN 

RISKMODEL 
~0 NOT PANIC IF YOH mAKE AN ERPOR WHILE INPUTTING, 
OPPORTUNITY TO CHANGE LATER. 

ENTER MAJOR GROUP NAMES AS FOLLOWS / G R P I / G R P 2  . . . . . . . . . .  

NOTE: MUST-BE IN GUOTES. FOR MORE THAN 1 LINE OF INPUT, USE ,O 
G: 

"~GL/200&GL/250&GL/350&GL/500+' 

ENTER THE NUMBER OF PARAMETERS, E.G. 5 
O: 

[~0 YOU WISH TO (1)  INPUT VECTOR OF L IM ITS ,  OR 
¢2~ USE MATRIX OF L IM ITS  PREVIOUSLY CREATED, I OR 2. 
5:  

2 
ENTER THE NAME OF THE MATRIX OF LIMITS PREVIOUSLY CREATED 
t;OT~: NAME SHOULD HAVE PREFIX LIM 
LIhP&C 

DO YOU WISH TO SEE THE LIM MATRIX. Y OR N 
Y 

L IMITS 
LOWER UPPER INDEX 

0 100000 1 
100n00 200000 0 

0 1 0 0 0 0 0  I 
tO0000 2~0000 0 

0 lOOtlO0 1 
100000 SSO000 0 

0 100000 I 
100000 500000 0 

Y OR N DO YOU WISH TO HAKE ANY CHANGES IN THE LIH MATRIX. 
N 

DO YOU WIG;; 10 
(1) INPUT VECTOR OF PARAMETERS FOR THE FIRST SUBGROUP OR 
(2) USE MATRIX OF PARAMETERS PREVIOUSLY CREATED. 1 OR 
D: 

2 
ENTER THE NAME OF THE MATRIX OF PARAMETERS PREVIOUSLY CREATED 
NOTE: NAME SHOULD HAVE PREFIX PAR 
pAwP&C 

DO YOU WISH TO SEE THE PAR MATRIX. Y OR N 
Y 

(The P~R matrix is displayed in Table 6A) 
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EXA~@LE B : 

C2 

APPEI~IX C 

P&C INSI/RA/{CE COFiPAI~ RISK]MODEL RUN 

DO YOU WISH TO MAKE ANY CHANGES IN THE PAR MATRIX. 
N 

GROUPS AN[, PARAMETER INPUT COMPLETE[, 
TO PROCESS INTERMEI, IATE CALCULATIONS. HIT EXECUTE 

Y OR N 

1,0 YOU WISH TO PRINT THE. INTERMEI=IATE CALCULATIONS, 
P E S ~ A ] , P E G , ~ ] , E [ S 1 , E [ S * 2 ] , E E S . 3 ] .  Y OR N, 
Y 

*JLI~_R~_E_[2 ~ 6!E C0L_cyL~_!LoL~S 

LAYER 1 

GROUPS P I S : A ]  PES>b ]  EES3 E [ S , 2 3  EESuS]  

GL/200 I 1.000 .11~ 2.54~E04 1.270E09 8.047E13 
GL/200  2 1 . 0 0 0  . 0 ? 5  2 . 3 9 ~ E 0 4  1 . 1 4 7 E 0 9  7 . 1 1 2 E 1 3  
GL/200 3 1.000 .122 2.591E04 1.312c09 8.3U4EI3 
GL/200 4 1.000 .118 2.5&BE04 1.292E09 0.225E13 
GL/250  1 1 . 0 0 0  . l i b  2 . 5 4 u E O q  1 . 2 7 0 E 0 9  8 . 0 4 7 E 1 3  
GL/2~O 2 1.000 .095 2.394E0~ 1.147E09 7.112E13 
GL/2~O 3 1 . 0 0 0  . 1 2 2  2 . 5 9 1 E O q  1 . 3 1 2 F 0 9  8 . 3 8 4 E I 3  
GI./PGO 4 1 . 0 0 0  . 1 1 8  2 . 5 6 ~ E 0 4  1 . 2 ? I E O V  8 . 2 2 5 E 1 3  
GL /350  I 1 . 0 0 0  . 1 1 4  2 . 5 4 q E 0 4  1 , 2 7 0 E 0 9  0 . 0 4 7 E 1 3  
GL /350  2 1 , 0 0 0  . 0 9 5  2 . 3 7 ~ E 0 4  1 . 1 4 7 E 0 9  7 . 1 1 2 E 1 3  
GL /350  3 1 , 0 0 0  . 1 2 2  2 .5? IEOW 1 . 3 1 2 E 0 7  8 . 3 0 4 E 1 3  
GL /350  4 1 . 0 0 0  . 1 1 8  2 . 5 6 8 E 0 4  1 . 2 9 2 E 0 9  B . 2 2 5 E I 3  
GL/5~O+ 1 1 . 0 0 0  . 1 1 4  2 . 5 4 4 E 0 4  1 , 2 7 0 E 0 9  8 . 0 4 7 E 1 3  
GLI500+ 2 1.000 ,095 2.39~E04 1 . 1 ~ ? E O ?  T.I12EI3 
GL /500÷  3 1 . 0 0 0  , 1 2 2  2 . 5 9 1 E 0 4  1 . 3 1 2 E 0 9  B . 3 8 4 E 1 3  
G L / 5 0 0 +  4 1 . 0 0 0  , 1 1 8  2.S&OEO~ 1 . 2 9 2 E 0 9  B . 2 2 5 E 1 3  
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EXAMPLE B: 

C3 

APPEICDIX C 
P&C INSUFJUiCE CO:.fPA/rY RISK24ODEL RUN 

GROUPS 

G L / 2 0 0  
G L / 2 0 0  
G L / 2 0 0  
O L / 2 0 0  
OL/250 1 
GLI250 2 
GL/250 3 
0L/250 4 
GL/350 I 
OLI350 2 
GL/350 3 
Gt./350 4 
G L / 5 0 0 ÷  1 
G L / 5 0 0 *  2 
OL/~O0+ 3 
G L / 5 0 0 ÷  4 

PCS>A] 

1 11~ 
2 095 
3 1~2 
4 118 

114 
095 
122 
11B 
114 
0~5 
132 
118 
11~ 
095 
122 
118 

LAYER 2 

P[S>B] E[S] E[S,2] E[S*3] 

.02~ 1 , 1 4 7 E 0 4  I.&23E09 2,3B7E14 

.025 9.503E03 1,3q2EOQ 1,972Et4 
,031 1,233E04 1.7#7E07 2,572E1~ 
.OSl 1,195E04 1.692E09 2,~90E1~ 
.017 l .~ lqE04 2.217E0 o 3.71BE14 
.015 1.171E04 1 , 8 3 4 E 0 9  3,07qE14 
, O I S  1,522E04 2.391E09 ~ , 0 1 5 E 1 4  
.01G I.W74E04 2,315E09 3,886E14 
, 0 0 7  1 . 7 0 5 E 0 4  3 . 0 7 3 E 0 9  6 , 2 5 4 E 1 4  
. 0 0 7  1 , ~ l g E O q  2 , 5 6 2 E 0 ~  5 . 2 3 3 E 1 q  
,008 1 , 9 3 7 E 0 4  3.316E09 6,757E14 
,OOB 1 ,TBOE04  3 . 2 1 ~ E 0 9  & . 5 5 0 E l ~  
.003 1.B93EO'~ 3 . B 4 ~ E 0 9  9.493Et4 
,003 1,507E04 3.259E09 8,15hE14 
.003 2,037E0~ 4.1WqEOO 1.021E15 
.003 1.977E04 4.026E09 9,944E14 

TO PROCESS MORE INTERMEDIATE CALCULATIONS, HIT EXECUTE 

ENIER EPSILON(S) FOR WHICH PROB(LOSS,-MAX. PROB. LOSS) = EPSILON. (0<(~.5) 
D: 

.1 .05 .@I 
NOW FOR THE FINAL PRINTOUI 

ENTER COMPANY NAME 
EXAMPLE B: P&E INSURANCE COMPANY-GENERAL LIABILITY 

EMTER YOUR NAME (E@. J. SMITH) 
RALPH M. CELLARS 

ENTER TOI, AY'S DATE (EG, JAN. 1, 1979) 
OCTOBER 31. 1979 

ENTER IN PARENTHESIS AND QUOTES A SEVEN CHARACTER NAME FOR THE UNITS 
(E.G. '(DOCTORS)" OR '__(BEDS)_') 
D: ~ O F  EXPOSURE CENTERED IN 9 SPACES . 

( 0 0 0 }  \ 
ADJUST PAPER TO TOP OF NEW PAGE & HIT EXECUTE 

(The main output is displayed in Table 7E) 
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Probability Distribution Definitions 

Negative Binomial 

density: f(x]p,a) - f o r  x = 0 , I . 2 ,  . . . .  

w h e r e  p , a  • O. 

This is our basic model of the loss occurrence (count) 
process. Note, if Var[N] ÷E~N] = I, then RISKMODEL 
assumes that the occurrence process is Polsson with A = E~N]. 

Four Parameter Loss Amount Distributions 

[~)'{ HC~Is,s) for O<x<_t 
c.d.f: Gs(x[a,B,t,XP) ~XQ + XP.{H(xln,B)-H(t In,S)} for x>t 

w h e r e  t >_ O, 0 < XP < 1 

X Q "  1 - X ~ ' { 1  - H ( r [ a , S ) )  

H ( x l a , ~ )  i s  some c . d . f ,  f o r  x • 0 w"l th  p a r a m e t e r s  ( a , 8 ) .  

RISIOIOIIEL's  p r e s e n t  l l b r a r y  o f  c h o i c e s  f o r  l l ( . ] a , B )  a r e  
( I )  - i o g n o r m a l ,  ( 2 )  = P a r e t o  a n d  ( 3 )  - W e l b u n .  D e f i n i t i o n s  
of each of these distributions are given below. 

faCe~a.8) h(xla'B) f o r  O<x<_t 

{ density: gS(x]a,6,t,XP) 
I ~ n ' - h ( x l a , B )  f o r  x> t  
t ' 
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APPENDIX D 

A graph of the denslcy g(.la,S,t,Xp) in general looks like: 

y-axis 

y - gS(x{a,B,C,XP) 

///~" ~ / Y = h(xla,S) 

I 
C x - a x i s  

~I) Lo6oormal  

c . d . f :  

denslCy: 

(2) Pareto 

c.d.f: 

densSty: 

H ( x l ~ , o 2  ) ~ (  l o~  x - u ) f o r  0 < x < ® 
o 

T,~'here ¢(') is the standard normal (0, I) c.d.f, and 

h(xlp,o 2) - ~ exp{-(..!....Q..g.._,~.l 2 } 
4Zlcrx 2o 2 

H(~(B,6) I - C + I  6 

w h e r e  B , ~  • O .  

J 

h(xJa,6) - ~B6(x + B) -6-!  

f o r  x • 0 
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i~ Weibull . 

c.d.f: 

density: 

H(x[B,6) ~ I - exp{-~ 6} 

where 8,6 > O 

f o r  x • 0 

h(~Is,6) - ~s-6~6-1~p(-~ 6} 

For more details on probability dlstrib~tious, see l~sstings and 
Peacock 41975) or Johnson and Kotz (1969,1970). 
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PRICING EXCESS-OF-L(~S CASUALTY W~3RKING COVER 

REINSURANCE TREATIES 

by Gary Patrik and Russell John 

Discussion by Jerry A. Mlccolls 

GENERAL COmmiTS 

This is an interesting paper. It presents a progress report on 

the analytical a~roach one large reinsurer is developing toward the 

pricing of excess casualty coverage. The approach is an analytical 

one, in that pricing decisions are made on the basis of information 

generated by a theoretical pure premium distribution fitted to 

sample data. 

The authors illustrate their techniques via two examples: one a 

new doctors' mutual (for which there is precious little historical 

data) and the other an excess-of-loss treaty between a reinsurer and 

a large primary insurer (for which there is a wealth Of detailed 

pricing information). 

A note an format. The authors present their work in phases: 

description of the coverages, the pr icing approach, the model, 

parameter estimation, results, and conclusions. Within most phases, 

the two examples are presented separately with much of the technical 

detail left to appendices. The order of presentation is a matter of 
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personal preference, but I had a much easier time following the flow 

of the paper by reorganizing it so that I could trace the complete 

development of first one example through all phases, and then the 

other. 

PRICING PHILOSOPHY 

In Section III, the authors mention five items to consider in 

pricing a reinsurance treaty: i) the distribution of aggregate loss 

of the treaty, 2) the distribution of the cash flow of the treaty, 3) 

a number of corporate criteria (including other treaties in the 

reinsurer's portfolio, surplus, assets, investment opportunities, 

corporate goals, and corporate views on risk vs. rate-of-return), 4) 

"needed surplus" to support the treaty, and 5) distribution of the 

rate of return on "needed surplus" for each treaty in the reinsurer's 

portfolio. The paper concentrates on item (I), the distribution of 

aggregate loss to the reinsurer under the treaty, citing it as "the 

least ambiguous and most important" item of the five. 

I balk slightly at the teem "most important". I ~uld select 

any of the other four items as being more important than item (i), 

and I suppose that when the perfect pricing model is someday devel- 

oped, all five items will be thoroughly treated. However, given the 

present state of cur art/science, I grant that knowledge of item (I) 

is a prerequisite to intelligent formulation of a model treating the 
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latter four items, and in this sense, then, it may be the most 

important, and deserves our current attention. 

AGGREGATE LOSS MODEL 

The conceptual meat of the paper is contained in Section IV. 

The portfolio is assumed to consist of several groups of "independ- 

ent" risks. (I'll explain the use of the quotation marks shortly.) 

Each group has its own distribution of number of claims, and its own 

distribution of size of loss for each claim. Further, the specifica- 

tion of these distributions is contained in a "parameter vector', 8, 

for each group. This is a oonvenient formulation, since anything 

that might cause the losses in different groups to move together 

(e.g., inflation) can be parameterlzed and thrown into the parameter 

vector. This allows one to state that the conditional distributions 

(given 8) for all groups are mutually independent (and hence the 

quotes above) . The authors show how the necessary conditional 

distributions are derived and their moments computed, and then 

describe how to Night these moments together to arrive at the 

moments of the unconditional distribution of aggregate loss for the 

entire portfolio. 

S O M E ~ C ~ I ~ L  ~IN~ 

There are some errata in the version of the paper that I 

received. They are itemized in the Appendix following. 
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Below are some random thoughts of a somewhat technical nature 

arranged in no particular order: 

Section IV 

I. It should be noted that tmless some grouping of the 

portfolio is found such that the authors' three assumptions preced- 

ing equation (4.3) are met (or at least approached), then there is no 

advantage to grouping. 

2. A simple description of the convolution concept before 

equation (4.3) might be useful to the lay reader. 

3. I'm not sure the presentation would suffer if the notion of 

"cumulants" was never introduced. Equations (4.5) could be derived 

without them. 

4. Equations (4.7) might deserve derivation in an appendix. 

Section v 

5. The next-to-last paragraph, last sentence, mentions low, 

medium and high loss-amount c.d.f.'s. On what basis are these 

c.d.f.'s d~aracterized low, medium and high? (unlimited mean? 

coefficient of variation?) 

Section VII 

6. It is interesting to note that the structure function 

(i.e., the subjective distribution function of the parameter vector 

8) in Example A does not permit much mixing of the frequency and 
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sever ity distributions. That is, the "low" clalm-count c.d.f. 

always occurs in conjunction with the "low" loss-amount c.d.f, and 

similarly for the medium and high c.d.f.'s. 

7. TO a casual reader of the risk theory papers in the 

authors' bibliography, it would appear controversial that Patrik and 

John claim good results for the NP-approximation when the coeffi- 

cient of skewness is fairly large (i.e., 2 < ~(l < 8). I think 

further elaboration by the authors on their position and its apparent 

conflict with the views of some of risk theory's pioneers would be 

extremely enlightening. 

8. I wonder if a simulation approach would not produce more 

cost-effective results. In particular, I wonder if it would elimi- 

nate recourse ~o the "Chebyshev-like bound" of equation (7.3). 

9. Despite the above comments, I certainly agree with the 

authors that too much concern over an approximation technique may 

miss the point. There is so much opportunity for error (the 

specification of trend and loss development, the choice of the 

general form of the c.d.f.'s, the use of broad industry data in 

Example A) that perhaps nothing more than ballpark estimates should 

be strived for. 

Appendix A 

i0. Page A2: One would expect a smooth progression of para- 

meters for the loss-amount c.d.f, as one moves from low to medltml to 

high. This is not the case for the XP parameter for physicians nor 
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for the 8 parameter for surgeons. A rationale for these apparent 

reversals might be instructive. 

Section VIII 

ii. In the discussion of item (2), mention is made of discount- 

ing the future cash f.ow. I think treatment of this topic is 

incomplete without consideration of the potentially offsetting 

phenomenon of inflation on o~/tstanding losses. 

12. The discussion of Items (4) and (5) contain some ad-hoc 

measures of supporting surplus and the expected return on such 

surplus. These measures are elegant i n  their simplicity and 

usefulness. 

13. The next-to-last paragraph claims that the paper has 

application beyond excess-of-loss reinsurance. I'd like to issue a 

warning against using the m~del (in particular the font-parameter 

loss amount c.d.f, of Appendix D) for pricing coverage at limits near 

the truncation point, t. ~'he four-parameter c.d.f, was derived in 

the context of increased limits pricing where the truncation point 

was well below basic limits. In this context, the shape of the 

c.d.f, to the left of t is i~aterlal, and the form chosen in 

Appendix D for Gs(Xl~, 8, t, XP) for x< t, is as arbitrary as any 

other c~hoice. Indeed, all that matters is that Gs(XI~, ~, t, XP) 

reach XQ by the time x reaches t from the left, and the route Gs(') 

takes to get bo ~ is quite irrelevant. AS it happened, the ISO 

Increased Limits Subcommittee only decided to use a truncation point 
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in the first place because no theoretical c.d.f, could be found to 

fit empirical data from first dollar. Further, since in increased 

limits pricing the concern is with the "tail" of the distribution, it 

was only necessary tD find a distribution which fit the empirical 

data to the right of a chosen truncation point. This background 

should be kept in mind when applying the authors' model to anything 

other than increased limits or excess-of-loss pricing. 

SUMMARY 

This is an important paper, as are all intelligent attempts at 

modelling an insurance process. It takes some high-powered tech- 

niques and applies them in a practical way. It claims application 

for risk theory techniques beyond the boundaries imposed by the 

originators of those techniques, rn the "spirit of a Call for 

Papers" it should generate much response among actuaries and hope- 

fully some suggestions for future enhancement. 

I commend the authors on their progress thus far. 

- 4 8 1  - 



Appendix 
Sheet 1 

ERRATA 

I. Section IV, first paragraph: the first reference should be 

"S~hlmann (1970)". 

2. Section IV, group definition: the passage reads, "... For 

example A, our groups will be defined by year of coverage and 

ISO doctor class ...". Since the authors are only dealing with 

the first year of coverage in example A, the groups are defined 

solely by ISO doctor class. 

3. Section IV, definition of cumulant following equation (4.4): 

"... the moment generating function of L evaluated at 0 ..." 

should read =... the moment generating function of L given @ 

evaluated at 0 ...". 

4. Section IV, following equation (4.10) : "When @ is unknown, 

equations (4.3] - (4.7) usually no longer hold. In particular, 

equation (4.5) now holds only for the first moment ..." should 

read "When 8 is unknown, the unconditional counterparts to 

equations (4.3) - (4.7) usually do not hold. In particular, 

equation (4.5) would hold unconditionally only for the first 

moment ... • . 

Section IV, equation (4.14) : As it stands, the equation imparts 

a positive probability to the event of a negative claim. The 

equation should read: 
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Appendix 
Sheet 2 

6 .  

G x (xJ0)  

~G 0 if x < 0 

= ( x  + r i B )  i f  0 ,~ x < b - r 

L S i if b- r < x 

Section V, next-to-last paragraph: 1~ne reference, "NAIC (1977, 

1979)" should [ead "NAIC (1977, 1978}". 

7. Appendix A, page Ai: Footnotes (2) and (3) are confusing and do 

not seem t3o match their respective columns. 

8. Appendix D, page DI: The specification of the Negative Binomial 

density function is wrong. It should be: 

flxlp,a) = pCl (i - plX for x = 0, I, 2 ... 

x 

where 0 < p < 1 and ct = i, 2, 3 . .. 

The density may be generalized to the case of non-lnteger C* as 

follows: 

where 

f (xlp,a) . r x ~  p~ ( i -  p)X 
x ;  F ( ~ )  

O<p< i and a >  0 

for x = O, 1, 2 . . .  
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Appendix 
Sheet 3 

9. Bibliography: The following reference is missing: 

Weissner, Edward (1978) "Estlmation of the Distribu- 

tion of Report Lags by the Method of Maxlmt~ Likeli- 

hood", PCAS, Volume 65. 
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Using an ind iv idua l  i n s u r e d ' s  o ~  pas t  loss  exper ience  to a r r i v e  a t  

i t s  r a t e  is  a procedure tha t  is  used in many d i f f e r e n t  a reas  of  in- 

surance.  In add i t ion  to the formal ind iv idua l  r i sk  r a t i n g  p lans ,  

ad hoc procedures  of  t h i s  type are  used in l a rge  r i sk  depar tments  

of  primary" companies, excess and surp lus  l i ne s  companies,  t r e a t y  and 

f a c u l t a t i v e  r e i n s u r e r s ,  and by' va r i ous  types  of  insurance c o n s u l t a n t s .  

The purpose of  t h i s  paper i s  to d i scuss  the concepts  o f  bias and 

va r i ance  of  exper ience  r a t i n g  procedures  1, and i l l u s t r a t e  these con- 

cepts  by using a computer s imula t ion  model to examine the  p r o p e r t i e s  

of  some simple exper ience  r a t i n g  techniques .  We w i l l  a l so  d i scuss  

the e f f e c t  tha t  the mises t imat ion  of  an i n s u r e d ' s  t r ue  loss  poten-  

t i a l  has on the " r i s k "  t h a t  the i n s u r e r  faces .  The r a t i n g  techni -  

ques used are  not represented  as being the bes t  a v a i l a b l e  -- hewever,  

the paper p r e s e n t s  some use fu l  r e s u l t s  concerning the s u p e r i o r i t y  of  

c e r t a i n  types of  techniques .  

5XPERIENCE RATES AS ESTIHATORS 

View the loss  p rocess  as fol lows:  a g iven i n s u r e d ' s  los ses  dur ing  

an acc iden t  yea r  "a"  are  random v a r i a b l e s  drmm from some p r o b a b i l i t y  

d i s t r i b u t i o n  determined by a v e c t o r  of  parameters  @a" Let O repre  

sent  a v e c t o r  con ta in ing  a l l  the parameters  from the f i r s t  acc iden t  

year  of  the exper ience  per iod thru  the year  to  be r a t e d  (denoted y) .  

So 
o = (o 1 ..... o>,) 

1. For the purposes of  t h i s  paper ,  de f ine  "exper ience  r a t e "  as a r a t e  
quoted to a g iven  insured ~'bere the expected losses  por t ion  of  the 
r a t e  is  ~holl>, or  predominantly determined by the  i n s u r e d ' s  o~m 
less  exper ience  over  the past  s e v e r a l  yea r s .  Note t ha t  the term 
insured here  could r e f e r  to anyth ing  from an ind iv idua l  auto to 
an e n t i r e  insurance company (under a t r e a t y  r e in su rance  agreement) .  
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Let X be a vector representing the insured's known loss experience 

during the experience period. X is a random sample drawn from the 

distributions determined by e. 

Let the ultimate losses that a particular insured will have for the 

policy period to be rated be a random variable "L". The purpose of 

the experience rate is to give the "best" estimate of E(L) 2. E(L) 

is some function of the @y, whereas the experience X was drawn from 

distributions determined by @l,...,Oy_l. In order for X to be use- 

ful in estimating E(L), there must be some relationship between 

Ol,...,Oy_l and Oy. 

The simplest assumption would be that O 1 = ... = By, that is that 

an i n s u r e d ' s  l o s s  p o t e n t i a l  i s  cons tan t  over  the exper ience  pe r iod .  A 

more r e f ined  model would be t h a t  the s e v e r i t y  and frequency componants 

of  the Oi ' s  would be in f luenced  by i n f l a t i o n a r y  t rends  and by changes 

in  a measurable  exposure base 3, and t h a t ,  a f t e r  proper  ad jus tments  for 

t h e s e ,  the parameters  would be s t a b l e  over  t ime. 

The experience rating procedure is an estimator 4 of E(L); it is some 

function "R" of the insured's past known loss and exposure informa- 

tion X 5. A perfect experience rating system ~uld be a function R 

such that R(X) = E(L). However, X is also a random variable, so ful- 

2. This paper will only consider estimates of E(L). In real life 
cases, we might want estimates of other attributes of the dis- 
tribution of L, such as Vat(L) or 95% percentile of L. 

3. Such as number of cars in a commercial fleet, or subject prom- 
ium in a reinsurance treaty. 

4. An estimator is a function of a random sample and is therefore a 
random variable; an estimate is the result of the estimator func- 
tion applied to a particular realization of the random variable, 
and is therefore itself a particular number. 

5. Consider X to be a vector containing all pertinant rating infor- 
mation. 
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filling this condition is not possible, except by chance. We can, 

however, hope that R(X) is an unbiased estimator of E(L), that is, 

that E(R(X)) = E(L). 

We would also like R(X) to be close of E(L), on the average. One 

com~n ~y of expressing this is to minimize E(R(X) - E(L))2), the 

mean square error (MSE), which for an unbiased estimator is equiva- 

lent to minimizing Var(R(X)). For many simple statistical models, 

the fore of estimator R that satisfies these criteria can be ex- 

plicitly calculated. This is referred to as a ibIVU 6 estimator. 

For large samples, the Maximum Likelihood Estimator (bilGE) usually 

satisfies these properties (asymptotically). However, there are 

reasons why we cannot always use the MLE, the main one being that 

in order to calculate it we must explicitly know the forms of the 

probability distributions that generate X. Of course, we can specify 

a model of the process that we believe is "reasonable" (as is done 

later in this paper), but there still are several problems. First, 

the MLE can be very difficult to calculate; second, although it is 

known to have good properties for large samples, it may be a bad 

estimator for smaller samples (it is usually biased); third, while 

it may be a good estimator if the model we assume is in fact the true 

one, it may be a bad estimator for a different model -- that is, it 

may not be robust. 

6. Uniform Minimum Variance Unbiased. 
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The approach taken in this paper is to take several ad hoc (but hope- 

fully reasonable) estimation techniques and examine their properties 

by a computer simulation model. Briefly, for an individual insured, 

the computer generates several accident years of known loss exper- 

ience (X i for the ith trial) from distributions with fixed parameters. 

It then applies several rating techniques to this set of known loss- 

es, arriving at several different estimates of E(L). The estimates 

and the actual ultimate losses are stored. This whole process (gen- 

erating experience, then calculating estimates) is repeated several 

hundred times -- using the same underlying distributions and para- 

meters. It can then be determined how well the estimates R(Xi) 

fared as "guesses" of E(L), and which estimator function R does the 

7 
best . 

C(~IPUTER MODEL 

An individual insured's past experience was "rerun" several hundred 

times in order to see how tile results of a single rating method would 

be distributed. 

Each iteration produced a set of loss experience for six accident 

years -- a five year experience period to rate from and the exper- 

ience for the year to be rated (denoted y = 6). Not only was the 

ultimate experience generated for each of these years, but also the 

portion of it that would be kno~m at an)" point in time. 

7. E(L) can in principle be calculated explicitly from @. However, 
for the loss generating model that was used, the calculation is 
quite complex, so the actual loss outcomes Li were used to esti- 
mate E(L). The standard errors on these estimates were small 
compared w i th  the s t a n d a r d  e r r o r s  o f  the  e s t i m a t e s  o f  E(R). 
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A s ing le  acc ident  year  for  a s i n g l e  i t e r a t i o n  was genera ted  as 

follows 8 : 

A random number of l o s s e s ,  N, was drawn from a Normal 9 d i s t r i b u t i o n  

with mean = 40, va r i ance  = 60. 

For each of the N claims, the following random variables were 

drawn : 

M i = Date of loss within year (Uniform with minimum = 0, maximum = i) 

Qi = Report Lag (waiting time between accident date and report date) 
(Exponential with mean = 1.5 years) 

All experience was viewed as being analyzed as of year-end, so 

a claim would first become knewn in V(N i + Qi - i) years after 

10 
the accident year . 

Pi = Payment Lag (waiting time between report date and payment date) 
(Exponential with mean = l year) 

So ['(M i + Qi + Pi - 1) is  the  number of  years  a f t e r  the acc iden t  year  

t h a t  the  c la im is  paid 11. Let "a"  denote the acc iden t  y e a r ,  a = 

1 , . . . , y .  Then F(M i + Qi + Pi + a - 1) i s  the y e a r  of payment of  the  

cIa im,  where year I i s  the f i r s t  year  o f  the exper i ence  pe r iod .  

8. The computer model a l lows the choice of s e v e r a l  d i f f e r e n t  d i s t r i b u -  
t i ons  with a r b i t r a r y  parameters .  The d i s t r i b u t i o n s  and parameters  
s p e c i f i e d  here were the p r i n c i p l e ,  but not only  ones,  t ha t  were 
used. 

9. The normal d i s t r i b u t i o n  was chosen as an approximat ion for  the nega- 
t i v e  binomial ,  which i s  more d i f f i c u l t  to s imula te .  Also,  N was re -  
s t r i c t e d  to be between 1 and 65. 

10. The APL symbol " f " ,  r e f e r r e d  to as " c e i i i n g " ,  means " the  s m a l l e s t  
i n t e g e r  g r e a t e r  than" ,  
Note t h a t  i f  M i + Q~ < 1 the  claim i s  r epor t ed  dur ing the  accident" 
) ' ear ,  " ze ro"  years  ~ f t e r  the  acc ident  year .  

l l .  Note t h a t  the maximum va lue  allowed was 10 y e a r s .  
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An i n f l a t i o n  index Ifft i + Qi + Pi + a - 1) of  8% per  year  (others  

were t e s t e d  as w i l l  be expla ined  in the  r e s u l t s ) ,  from y e a r  1 u n t i i  

the year  of  payment was assumed to a f f e c t  the expected va lue  of the  

payment d i s t r i b u t i o n .  

The random pa)~nent amount o f  C i was dra~n from a Lognormal d i s t r i b u t i o n  

with /uk = 8 + In I(bl i + Qi + Pi + a - 1) ,  and ~ - -  2.5.  This means t h a t  

the mean and s tandard  d e v i a t i o n  t rended a t  8% per  year .  

So f a r ,  the number of  c l a ims ,  and ( for  each o f  these  claims} the re -  

port  d a t e ,  the payment da t e  and f i n a l  payment amount have been d e t e r -  

mined. The i a s t  th ing  to do i s  se t  the r e s e r v e  on each open c la im.  

Each r e s e r v e  was se t  as an unbiased guess of  what the c la im would s e t -  

t l e  f o r ,  i f  i t  c losed in the  year  for  which the  r e s e r v e  was being s e t .  

For each c la im t h a t  was r epo r t ed  but unpaid f o r  a t  l e a s t  a yea r ,  a 

random Reserve Er ro r ,  Vi, was drawn from a Lognormal d i s t r i b u t i o n  with 

mean = 1, and variance = 2. This was multiplied by the final payment 

amount and the result was trended backwards from the payment year to 

the year for which the reserve is being set. Two things are important 

t o  n o t e :  

i. The reserve error is only chosen once for each claim, regardless 

of how many years it remains open, so the reserve, once set, will 

mearly be updated each year for inflation, and 2. this system leads 

to under reserving -- by the amount of future inflation 12. 

12. A method of setting reserves at V times the ultimate payment, 
"which does not lead to under reserving, was tested, but it made 
no significant difference in the results. 
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The known loss amount at time "t" on i th loss from accident year 

"a" = 

I 
'0 ifMi +Qi > t 

Ki(a,t) = C i V i I(a-l+t) 
1797Y~7+Ri+Pi) if M i + Qi -< t<Mi + Qi + Pi 

C i if M i + Qi + Pi R t 

N 
So the ac tua l  u l t i m a t e  losses  L = ~ C.. 

i = 1 1 

The f u l l  exper ience  matr ix  known a t  the beginning of  y e a r  y fo r  an 

insured would be 

N1 NI 1 
~ K i ( l ' l )  "" " ~ -  gi [1 ,y -a )  

  l i(y_ i;." ,1) 0 

This r e p r e s e n t s  the  f a m i l i a r  " los s  development t r i a n g l e " .  We w i l l  

denote such an exper ience  mat r ix  by "$"  and the  t r i a n g l e  of  c la im 

counts by .#.13. 

Once the exper ience  ma t r i ces  $ and # have been c a l c u l a t e d  for  one 

i t e r a t i o n ,  they a r e  used as input  f o r  s e v e r a l  d i f f e r e n t  r a t i n g  tech-  

niques ( e s t i ma to r s  of  E(L)) .  These w i l l  be desc r ibed  in the "RATING 

MEI~HODS' ' s ec t i on .  

13. The r e s u l t s  to da te  a re  based on r a t i n g  methods t h a t  use $ and/ 
or  # as t h e i r  input  s t a t i s t i c s .  Of more i n t e r e s t  a r e  techniques  
tha t  use t r i a n g l e s  of  some func t ion  of  each known lo s s  (such as 
losses  t runca t ed  a t  bas ic  l i m i t s ) . .  
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CREDIBILITY 

Often in experience rating we wish to use some outside experience 

that we believe is "related" to the insured in.question. For ex- 

ample, we may use an insured's own basic limits experience, but 

rely on outside information for loss development factors, trend 

factors and expected excess losses. 

The model under ly ing  the use of  t h i s  ou t s ide  da ta  is  t h a t  the  par-  

t i c n l a r  insured being ra ted  was randomly s e l e c t e d  from the  group of  

ai1 p o t e n t i a l  insureds  of  the same type .  There fo re ,  the 0 t ha t  we 

a re  t r y i n g  to e s t i m a t e  is  a r e a l i z a t i o n  of  a random v a r i a b l e .  O's 

p r o b a b i l i t y  d i s t r i b u t i o n  is  r e f e r r e d  to as a s t r u c t u r e  func t ion  

U(0) 14. I f  we have s t a t i s t i c s  a v a i l a b l e  for  many other  insureds  

we can e s t ima te  c e r t a i n  p r o p e r t i e s  of  the group of  a l l  p o t e n t i a l  

insureds  ( r e f e r r e d  to as the c o l l e c t i v e ) .  This then g iv e s  us v a l i d  

informat ion  to use in e s t ima t ing  E(L) for  a p a r t i c u l a r  insured .  

C r e d i b i l i t y  theory  addresses  the ques t ion  of  how to combine da ta  

from the c o l l e c t i v e  with da ta  from the  ind iv idua l  insured to a r -  

15 r i v e  a t  the e s t i m a t o r  of  E(L) with the  bes t  p r o p e r t i e s  . The ~ E ' s  

for  c e r t a i n  c r e d i b i l i t y  systems ]lave been e x p l i c i t l y  c a l c u l a t e d  16 

however, t rend has seldom been 17 and loss  development has not been 

addressed.  

14. H. NJhlm,ann, Mathematical Nethods in Risk Theor~¢, Spr inger -Ver lag ,  1970 

15. More p r e c i s e l y  c r e d i b i l i t y  theory  r e s t r i c t s  i t s e l f  to l i n e a r  
combinations of  c o l l e c t i v e  da ta  and indiv idual  r i s k  da ta .  

16. F1. DeVylder, In t roduc t ion  to the  Ac tua r i a l  Theory o f  Cred ib i l i ty ' .  

17. C. Hachemeis ter ,  " C r e d i b i l i t y  f o r  Regression Models with Applica-  
t i on  to Trend" in C r e d i b i l i t y  Theory and Appl ica t ions  ed. P. Kahn, 
Academic Press ,  19/5. 

- 493 - 



Severa l  r a t i ng  techniques  tha t  use ou t s ide  in format ion ,  in p a r t i c u l a r  

t r end  f a c t o r s ,  were t e s t e d  in the s f i m l a t i o n .  These t e s t s  a re  not 

s t r i c t l y  va l id  wi th in  the  framework of  c r e d i b i l i t y  theory  because 

the  t rend  f a c t o r s  have not  been es t imated  from a c o l l e c t i v e  --  they  

have simply been p o s t u l a t e d  18. However, in a l l  cases  s e v e r a l  d i f f e r -  

ent t rend f ac to r s  have been t e s t e d ,  inc lud ing  ones known to be wrong, 

in o rder  to t e s t  the s e n s i t i v i t y  o f  the r a t i n g  method to i n c o r r e c t  

assumptions about t rend .  

RATING METHODS 

The following methods that used only the information contained in $ 

were tested: 19 

Method #1: Loss d o l l a r s  a r e  p ro j e c t e d  to u l t i m a t e  by a g e - t o - a g e  

f a c t o r s .  A l e a s t  squares  l i ne  20 ( r e s t r i c t e d  to a s l o p e ~ O )  

i s  f i t t e d  to the  f i ve  u l t i nmte  r e s u l t s  to p ro j ec t  the  

s i x th  year .  

Methnd ~2a, b, c, d, e: 

Loss dollars are projected to ultimate using age-to-age 

factors. The ultimate result for each accident ),ear is 

trended to the current )'ear by multiplying it by an in- 

flation factor raised to the appropriate power. The 5 

trended results are then averaged to predict the current 

year. Cases, a, b, c, d and e refer to trend factors of 

0~, 5~, 8~, 121, and 15~, respectively. 

18. To the extent that trend factors serve to project the effects of 
full ,  r e . i n f l a t i o n  r a t h e r  than a d j u s t . e h p e r i e n c e  fQr thl~ F f f e c t s  of  
inrlatlon flurln~ ~he exDerlgnce p~rlq¢1, one wotll~l Drooaoly not 
want to estlJnat~ inflatlon from the aata anyway, but rather use an 
exogenuous f a c t o r  based on economic cops~dera~lons .  ~ - -  . .  

19. A numerical ex.ample o f  each r a t m ~  tecnnlque  i s  conta inc~ in  ~ppenulx B. 
20. U n r e s t r i c t e d  l i n e a r  and exponent ia l  f i t s  were t e s t e d  and gave  s m i l a r  
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Method #3a, b ,  c ,  d ,  e: 

"Adjus tment  to  To ta l  Known Losses method" 

Es t imated  expec ted  u l t i m a t e  l ° s s e s  = o.il Kj ' ( l ' i )  l r l~@,~  

Where K. i s  known l o s s e s  a t  c u r r e n t  yea r  fo r  a c c i d e n t  yea r  j 
3 

f .  i s  the  a g e - t o - u l t i m a t e  f a c t o r  fo r  a c c i d e n t  yea r  j ] 

i i s  a t r e n d  f a c t o r  which was se t  a t  0%, 5%, 8%, 12% 

and 1S% f o r  3a t h r u  3e, r e s p e c t i v e l y .  

The d e r i v a t i o n  o f  t h i s  fo rmula  i s  g iven in Appendix A. 

The fo l l owing  r a t i n g  methods u s i n g  both  S and # were t e s t e d :  

Method 04a, b ,  c ,  d ,  e:  

Claim coun t s  a r e  p r o j e c t e d  to  u l t i m a t e  us ing  a g e - t o - a g e  

f a c t o r s .  The e s t i m a t e  o f  the  6th  yea r  i s  t he  ave rage  o f  

t hese  f i v e  r e s u l t s .  Th i s  i s  m u l t i p l i e d  by a c t u a l  ave rage  

known c la im s i z e ,  t r e n d e d  to  the c u r r e n t  yea r  as  in  Method 2. 

b~thod #5a, b ,  c ,  d ,  e :  

Same as  Nethod 4 except  u l t i m a t e  c la im coun t s  a r e  p r o j e c t e d  

by t h e  Adjustment  to  T o t a l  Known Losses method. 

~ t h e d  #6: U l t ima te  c l a im c o u n t s  by yea r  a r e  p r o j e c t e d  by the  M j u s t -  

ment to  To ta l  Known Losses  method. For each  a c c i d e n t  yea r  

t h e s e  a re  m u l t i p l i e d  by a c t u a l  average  c l a im s i z e .  The 

r e s u l t s  a r e  t rended  by l i n e a r  l e a s t  squa re s  ( r e s t r i c t e d  

t o  a s l o p e Z 0 )  to  p r o j e c t  the  s i x t h  y e a r .  
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RESULTS 

The computer s imula t ion  model was w r i t t e n  in APL and run on an It94 

Sll0 mini-computer .  Crea t ing  s ix  y e a r ' s  exper i ence  ( f ive  years  to 

r a t e  from, and one year  as the  p o l i c y ' s  exper ience)  for  an average  

o f  f o r t y  losses  per  ye a r ,  then applying twenty d i f f e r e n t  r a t i n g  

techniques  to  the known losses  took about 5 minu tes ,  so 500 i t e r a -  

t i ons  took about 42 hours to  run.  

The sin~alation was run under fou r  d i f f e r e n t  s e t s  o f  pa ramete r s .  The 

f i r s t  se t  were the ones given in the p rev ious  s e c t i o n .  The second 

se t  were the same except  t ha t  the  s e v e r i t y  t rend was 8% the f i r s t  

four  years  (during the exper i ence  period)  and 12% t h e r e a f t e r .  The 

t h i rd  se t  was the same as the f i r s t  except  the expected va lue  and 

s tandard d e v i a t i o n  of  number o f  claims (N) i nc reased  by 5% each ac-  

c iden t  year  s t a r t i n g  with an expect  number of  Z5 the  f i r s t  y ea r .  

This could be used to  r e f l e c t  e i t h e r  an i nc r ea se  in exposure u n i t s  

not r e f l e c t e d  in the r a t i n g  method, or an unsuspected frequency t r end .  

For the four th  run, the  d i s t r i b u t i o n s  were se t  as uniform to t e s t  the 

robustness o f  the prev ious  r e s u l t s  to wild d e p a r t u r e s  in the form o f  

the d i s t r i b u t i o n s .  Exhibi t  1 g ives  a summary of  the  parameters  in 

each of  the above cases .  I t  a l s o  shows t r u e  21 E(L) for  each case -- 

t h i s  i s  the va lue  we wish the r a t i n g  techniques  to be c lose  to most 

of  the t ime.  

Exhibit 2 shows the simulation results of the distribution of R (the 

experience rated estimate of E(L)) for the first set of parameters. 

21. Actually this value is also an estimated one, see note 7. 
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EXHIBIT 1 

The four sets of parameters against which the rating methods were tested. 

#i #2 #3 #4 

I I I l 
E(L) f o r  $731 ,000  $837,000  $575 ,000  $1,664 ,G00 
year 6 [ 

I 

Standard 
Error of $8,000 $13,000 $15,000 $29,000 
Estimate based on 2025 iterations based on I000 iterat.ions based on 500 iterations based on i000 iterations 
o f  E(L) 

Number o f  Normal ~ t -  40 Normal u.= 25 x (.l.05)J~. Un i fo rm max = 33(1 
L o s s e s  N o - ~  60 0-% 40 x ( 1 . 0 5 )  ~3 rain = l 

j = 0 . . . . .  5 

Date  o f  Loss  U n i f o r m  max = 1 
w i t h i n  y e a r  min = 0 

bt. 
z 

Report Lag Exponential mean : 1 .5  Uni6orm max = 4 
•L min = 0 

Payment Lag Fxponential mean : 1 

Pi 

Payment Amount 

C i 

2 
Lognormal  *a= 8 + In  I (a+  bl i + Qi * P.i " l )  , 0" = 2 .5  

_ {mean_ 2 _t_0,4_0_5 x _ I  a _  s.t_~da!d_ 51evjat_io_n =_ 34,793_x_ 13 . . . . . . . . .  

t - ,  l ~,1.08t-1 t ~ 5  J l ( t )  = 1 . 0 8  t - 1  
I ( t )  = 1 .08  [ ( t )  = ( 1 . 0 8  q x 1 .12  t - 5  t ,  5 

(mean : I, variance : 2) 

Uni fo rm max = 4 
mi.n = 0 

Uniform max = 100,000  × 

I ( a  + bl i + Q[ + Pi  - l )  

. . . . .  min = J . . . . . .  

' l ( t )  : ~ -  where  r j  j = l  ( l + r j )  

g e n e r a t e d  randomly  u n i -  
form ( . 2 ,  0) 

Reserve Error Lognormal = -.549 Uniform max = 2 
V. = 1 . 0 9 9  min = 0 
l 



ACTUAL INFIATION 8% PER YEAR 
TRUE E(L) = $731,000 

EXHIBIT 2 

Rating 
Method- 

1 

2c / 

3c I 

4c / 

5c / 

6 

In fonmation 
Used 

$ 

$' 

$ 

$,# 

$,# 

Chosen 
Trend 
Factor 

fit 

8% 

8% 

8% 

8% 

fit 

Distribution of R 

Standard 
Bias Deviation 

$240,000 $870,000 

50,000 370,000 

- 30,000 250,000 

- 70,000 220,000 

- 90,000 180000 

- 50,000 540 000 
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The b i a s  (E(R-L))colunm shows whether each method w i l l  produce too 

much or  not enough premium on the average .  The s tandard  d e v i a t i o n  

of  R measures of  how wide a range of  r e s u l t s  the va r ious  methods 

w i l l  g ive .  Because t h e r e  i s  only one r i g h t  answer ($731,000), the 

s m a l l e s t  pos s ib l e  spread of  e s t ima te s  is  the  most d e s i r a b l e .  

The six rating methods can be sorted into two groups depending on 

how they handle trend, b~thods i and 6 fit a least squares line 

thru the estimated ultimate results for the past five years to pro- 

ject the sixth year. They, therefore, try to estimate the under- 

lying trend based solely on the insured's experience. Both of these 

perform poorly in terms of standard deviation, and method I is high- 

ly biased. 

Methods 2 thru  5 use a pos tu l a t ed  t rend f a c t o r  t ha t  ad jus t s  each ac- 

c i d e n t  year  to  c u r r e n t  l e v e l ,  'Of  course ,  the b ias  f o r  the v e r s i o n  

us ing  an 8% t rend f a c t o r  (Methods 2c thru  5c) should be low because 

t ha t  i s  the t rue  i n f l a t i o n  r a t e  under ly ing  the model. The b i a s  need 

not be zero because the  r a t i n g  technique may not take i n f l a t i o n  in- 

to account e x a c t l y  the way the loss  gene ra t i ng  model does ( the  r a t -  

ing techniques  a l l  t r end  pas t  acc iden t  ye a r s  to the cu r ren t  yea r  

whereas in the loss  model i n f l a t i o n  ac t s  on a l l  open claims ac ros s  

c a l e n d a r  y e a r s ) .  

A way of reflecting trend in Methods 2 thru 5 that appears to be 

• 22 
superlor to trending each accident )'ear separately and averaging 

the results (as is done in methods 2 thru 5, b thru e) is to adjust 

22. The conditions under which each of the two methods are superior 
are discussed in Appendix C. The simulation did not provide con- 
clusive results either way. 
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the untrended result for three years trend; in other words, trend 

the average result rather than average the trended results. The 

methods labled 2c/thru 5cJare ones for which the untrended results 

(2a thru 5a) were adjusted by (1.083). 23 The bias and standard de- 

viations shown in Exhibit 2 for methods 2c/thru So/were not arrived 

at by simulation, but rather a straight adjustment of the simulated 

results for methods 2a thru 5a (the untrended versions). 

btethods t ha t  use both $ and # (methods 4 thru  6) have a smal le r  v a r i -  

24 
ance than those  t ha t  use $ a lone (methods 1 thru  3) .  However, 

a l l  the ones us ing  $ and ~ t e s t e d  here  s u f f e r  from a se r ious  d e f e c t .  

That i s  t h a t  they  have no way o f  d e t e c t i n g  r e s e r v e  d e f i c i e n c i e s  from 

the da ta .  In t h i s  model, ( the expected va lue  of) r e s e r v e s  a r e  de- 

f i c i e n t  to the ex ten t  of  fu tu re  i n f l a t i o n ,  so t h i s  l eads  to  a down- 

ward bias in the techniques. Methods that analyze loss development 

from $ can attempt to detect such under reserving (at least to the 

extent that the earliest experience year is truly fully mature). 

One obvious conclusion is that the more things we try to estimate from 

the data (e.g., trend, reserve deficiency) the higher the variance of 

the estimator will be. This suggests that for a given set of data we 

should be realistic about what effects we can estimate from it. This 

is, of course, the "full credibility" question: '~-bw much data do you 

need to give your estimator satisfactory variance?" In the case of 

the risk sizes used in this simulation it seems that one should not 

r l 
23. ~tually the unbiased adjustment is 5/~Z~; which is very 

close to 1.08 ~. = 
24. This is plausable result, which should be true in all but very 

unusual cases. However, it should be noted that the loss model 
further tilts results in this direction because it uses constant 
frequency parameters. 
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t ry  to e s t i m a t e  t rend (methods 1 and 6) but one can use a method 

tha t  is  s e n s i t i v e  to r e se rve  d e f i c i e n c y  (method 3) .  

Method 3clgives the best overall result with a variance slightly 

higher than methods 4c/and 5c( but the smallest (absolute value of) 

bias of any method. It is interesting that the Adjustment to Total 

Known Losses method (methods 3 and 5), which takes the total known 

losses for all years and divides that stml by an overall adjustment 

factor for loss development, has a smaller variance than simply 

projecting accident years to ultimate and averaging the results 

(methods 2 and 4). This is analoguous to the earlier comment about 

mere efficient trend adjustment. Appendix C shows that under some 

conditions this is a Best Linear Unbiased Method. 

The c a l c u l a t i o n  of  the b ias  and s tandard d e v i a t i o n  f o r  any of the 

methods 2 t h r u  5 where a t rend f a c t o r  d i f f e r e n t  from 89 was ( incor-  

r e c t l y )  s e l e c t e d  i s  s t r a i g h t  forward:  

b i a s  for  t rend  r = ( E ( L ) *  b ias  for  8 % ) ( ~ 7 ~ )  3 

(1 + r~ 3 
s td .  dev. for  t rend r = (std dev for  8%) ~ 1 . ~ ]  

A 50% error in selecting r (i.e., 12% or 4% instead of 8%) wi]1 in 

troduce a bias of about + 12g to an otherwise unbiased technique. 

Exhibit 3 shows how well each method performed under parameter sets 

2, 3, and 4. Remember set 2 has an accelerating severity trend, 

set 3 has a frequency trend and set 4 uses all uniform distributions. 
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EXHIBIT 3 

Rat ing  
blethod 

1 

2c / 

3c ~ 

4c / 

5c f 

6 

Parameters ~2 Parameters #5 
True E(L) = $837,000 True E(L) = $575,000 

Bias R Std. Dev. R Bias Std. Dev. R 

$170,000 $1,140,000 $i00,000 $780,000 

- 30,000 460,000 - 60,000 290,000 

- 120,000 260,000 -120,000 210,000 

- 170,000 250,000 -140,000 170,000 

- 190,000 230,000 -130,000 160 ,000  

- 140,000 540,000 -i00,000 360,000 

Parameters ~4 
True E(L) = $1 ,664,000 

Bias S td .  Dev. R 

$800,000 $5 ,120 ,000  

130,000 1 ,870 ,000  

-280,000 380,000 

-330,000 470,000 

-370,000 530,000 

-460,000 570,000 
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Method 2e/does the best  in terms of  b i a s ,  however,  has a high s tand-  

ard d e v i a t i o n .  This e xh ib i t  shows tha t  the ranking of  methods from 

low to  high s tandard  d e v i a t i o n  and from low to  high b ias  seems to he 

f a i r l y  i n s e n s i t i v e  to changes in parameters .  However, performance in 

terms of  abso lu t e  value o f  b ias  depends on how the t rend under ly ing  

the model compares with the  trend chosen in the  r a t i n g  method. 

VALIDITY OF THE RESULTS 

Two i s sues  should be cons idered  when a s s e s s in g  the v a l i d i t y  of the 

r e s u l t s .  

1. Are 500 i t e r a t i o n s  a s u f f i c i e n t  ntunber to  g ive  s t a b l e  e s t ima te s  

o f  the mean and v a r i a n c e  of  the d i s t r i b u t i o n  of  R? The s tand-  
1 

a rd  e r r o r s  of  the b ias  can be es t imated  as ( V a r ( ~ i ~  

A 959 conf idence i n t e r v a l  around the e s t i m a t e s  of  the bias shown 

in e x h i b i t s  2 and 3 should be roughly two s tandard  e r r o r s  on 

e i t h e r  s ide  of  the e s t ima ted  va lue .  

A 
Taking Var(R-L) to equal  Yar(R) + Var(L) where these  are  the v a r i -  

ances  es t imated  bY the  s imula t ion ,  g ive  s tandard e r r o r s  of  the  

b i a s  e s t i m a t e s  ranging from $15,000 to $30,000 ( the r a t i n g  methods 

wi th  l a r g e r  Var(R) having l a r g e r  s tandard e r r o r s ) .  This means 

t h a t  a r a t i n g  method t h a t  is  a c t u a l l y  unbiased could show a b ias  

o f  roughly + $50,000 based on 500 s imula t ions .  

The s t a b i l i t y  of the e s t ima t e s  o f  Vat(R) a r e  not kmown. 
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Note that because several (but not all) rating methods were 

tested during the same computer rum (the same set of 500 simu- 

lated experience periods) there is a positive covariance between 

the estimates of E(R-L) (and also Vat(R)) for rating methods 1 

thru 4,and 5 and 6, but the estimates between these two groups 

of methods are independent. 

2. Are the  r e s u l t s  s p e c i f i c  to  the  form of  the  l o s s  g e n e r a t i n g  model 

t h a t  was used ;  how d i f f e r e n t  would the  r a n k i n g  o f  e f f i c i e n c y  o f  

the  r a t i n g  methods been under  a somewhat d i f f e r e n t  model? 25 

Many p o s s i b i l i t i e s  sugges t  themse lves :  i n f l a t i o n  may a f f e c t  

d i f f e r e n t  s i z e s  o f  l o s s e s  d i f f e r e n t l y ,  r e s e r v e s  n~y be s e t  in a 

d i f f e r e n t  f a s h i o n  wi th  s t r e n g t h e n i n g s  o c c u r r i n g  d u r i n g  a c a l e n d a r  

yea r  a c r o s s  a l l  a c c i d e n t  y e a r s ,  f r equency  and s e v e r i t y  may not  

be independen t .  At l e a s t  the  model has shown t h a t  an  extreme 

change in pa r ame te r s  ( s e t  4) does  not  a f f e c t  the  c o n c l u s i o n s  

g r e a t l y .  

At the time of the writing of this paper, the computer model was not 

sufficiently sophisticated to test rating techniques of real interest, 

such as ones that adjust losses for changes in exposure during the 

experience period, ones that truncate losses at various levels, 

credibility weighing techniques and excess of loss experience rat- 

ing techniques. Hopefully simulation results on some of these types 

of techniques will be available for presentation at the Spring meet- 

ing. 

25. One error in the current model is that the severity distribution 
should allow for claims closed without pa)~nent. 
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RISK 

Viewing premium as a random variable raises some new issues in the 

calculation of profit loading. 

The random variable of ultimate interest to an insurer is its pro- 

fit 26 on a given insured or group of insureds. 

Let U be the random variable underwriting profit on the individual 

i n su red .  

27 
Let rf be a fixed profit loading 

Let R be the experience rated estimator of E(L) 

So U = Experience rated premium - L = (~ + R) - L 

The variance o£ profit on a single insured is 

Vat(U) =Var( ~ + R - L ) 

= Vat(R) + Var(L) - 2 Cov(R,L) 

R is based on known losses for prior years whereas L is losses for 

the period to be rated. We have been assuming that loss occurrences 

are independent, so Cov(R,L) = O. 

26. For simplicity's sake we are ignoring investment income consid- 
erations here. 

27. Of course, this term should depend on the "riskiness" of insured. 
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I f  U were not  random, the i n s u r e r  would face no r i s k  or v a r i a b i l i t y  

of  r e s u l t s .  The i n s u r e r ' s  r i s k  28 a r i s e s  from the v a r i a b i l i t y  of  U, 

which in tu rn  a r i s e s  from the v a r i a b i l i t y  of  both R and L. 

The i n su re r  is  f r equen t ly  in a s i t u a t i o n  of  being one of  s eve ra l  

companies quot ing  p r i ce s  from which the insured w i l l  pick the low- 

e s t .  This means t ha t  E(U) no longer  equals  E(R) - E(L) ÷ g (or 

b ias  plus loading)  but r a t h e r  

E(RIR+~ k) E(L) + g 

where k i s  the minirmm of the o the r  quoted p r i c e s  f o r  the insured .  

Consider an unbiased r a t i n g  technique R . Assume t h a t  the '~proper" 

expected p r o f i t  margin (based on r i s k  c o n s i d e r a t i o n s )  has been de- 

termined to be rr/. That i s ,  we wish 

E(U) = ri" 

E(U) = EfRIR + ~ k )  - E(L) + T r  

= E(R) - E(L) - ( E ( R )  - E(RJR +~rK k ) )  + /T 

So " r r = ~ ' +  (E(R) - ErR JR + T r <  k)) 

This says t h a t  the p r o f i t  margin added to an unbiased  e s t ima te  of  

expected lo s se s  should con ta in  two p i eces ,  1. a r i s k  loading ( / ~ )  

and 2. a f a c t o r  to load fo r  the  a n t i s e l e c t i o n  you expect  to s u f f e r  

28. The proper  measure of  " r i s k "  for  an i n s u r e r  (or  in f a c t  for  any 
f i n a n c i a l  t r a n s a c t i o n )  i s  a much debated t o p i c .  Two the  lead ing  
cand ida tes  are  Vat(U),  which seems to  be favored  by a c t u a r i e s ,  
and Cov(U,M) where M is  the  r e tu rn  the e n t i r e  market of  a s s e t s ,  
which a r i s e s  from the CAt~t. The CAt~t u n f o r t u n a t e l y  impl ies  t h a t  - 506 - 
insurance  underwr i t ing  i s  almost r i s k l e s s ,  because 

Cov(U,M) = Cov(R,M) * Cov(L,M)(with our independence assumptions)  
and both of  the terms on the  r i g h t  should be near  zero.  



in a competa t ive  bidding s i t u a t i o n  ( i f  your quote i s  accep ted ,  i t  

i s  more l i k e l y  tha t  you underes t ima ted  expected l o s s e s ) ,  z9 Notice 

t ha t  an e s t i m a t o r  R wi th  a s ma l l e r  va r i ance  wi l l  be d e s i r a b l e  be- 

cause i t  w i l l  dec rease  both components of  the load ing .  

29. Two i m p l i c a t i o n s  of  t h i s :  
1. in a renewal s i t u a t i o n  with no ou ts ide  quotes ,  an insure r  

should be ab le  to quote a lower p r i ce  than o therwise  be- 
cause  he w i l l  not need t h i s  loading 

2. the  more companies quo t ing ,  the higher  t h i s  loading should 
be 
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APPENDIX A 

Derivation of "Adjustment to Total Known Losses method" 

For A c c i d e n t  Year j 

k.  = Known l o s s e s  ( t h r u  c u r r e n t  y e a r )  
J 

u .  = Ac tua l  u l t i m a t e  l o s s e s  
J 

IBNRj = IBNR 

f .  = A g e - t o - u l t i m a t e  f a c t o r  
J 

i = Trend f a c t o r  

u = True  e x p e c t e d  l o s s e s  f o r  y e a r  6 

Assume 1) u = ~ ~--1 uj (l+i)~-j 

2) u.  = k.  + IBNR. 
J J J 

So 5,u = j~=l= Kj (l+i) "-j + "j~--i IBNRj (l+i) ~-j 

% u Assume 3) IBNRj =(i- ) ~-J 

= T.) So j~=l IBNRj(I+i)~-J u ( 5 - ~  1 
j = l  J 

substituting this into (*) gives 

u = kj ( I + i )  ~ - j  + ~j 

(*) 
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APPFJ~DI X B 

Numer.ical Examples o f  Ra t ing  Methods 

Let 

135,700 536,598 608,794 636,252 
$ = 70,734 535,107 733,341 0 

42,031 222,841 0 0 
185,689 0 0 0 

(1) (2) (31 (4) (5) (6) 
R e c i p r o c a l  o f  

Accident  Age to3~ge Age t o  Ul t imate  Kno~m Ul t imate  Age t o  
Year Factor" F a c t o r  Losses Losses Ul t imate  F a c t o r  

1 I 1 $243,633 $243,633 1 
2 1.0888 1.0888 636,252 692,751 .9184 
3 1.0415 1.1340 733,341 831,609 .88]8 
4 1.2232 1.3871 222,841 309,103 .7209 
5 3.0485 4.2285 185,689 785,186 .2365 

Total $2,021,756 $%862,282 3.7576 

Method ~1 Column 5 p r o j e c t e d  to  a c c i d e n t  yea r  6 by l i n e a r  l e a s t  

squa res  = $782,294 

Method #2c I ((S~Lm of column 5) : 5) x 5/z 7.~' = $716,877 

Method #2c ($243,633 x 1.085 

+ 692,751 x 1.084 

+ 785,186 x 1.08) ~ 5 = $711,317 

Method #3a ((Sum of coltmm 4) : (Stun of colu~ 6)) = $538,044 

30. e.g., 1.0415 = 
636~252 + 223t712 

608,794 + 216,946 
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Let 

I lO 21 28 28 29 
23 45 49 52 0 

# = .14 44 54 0 0 
I i  29 0 0 0 
l l  0 0 0 0 

(7) 

Accident 
Year 

l 
2 
3 
4 
5 

Total  

(8) (9) (1o) (11) 

Age-to-Age Age to Ultimate Kno~ Ultimate 
Factor Factor Counts Counts 

(12) 

Reciprocal of 
Age to 

Ultimate Factor 

] 1 29 29 l 
1.0357 1.0357 52 53.86 .9655 
1.0390 1.0761 54 58.11 .9293 
1.1909 1.2815 29 37.16 .7803 
2.3966 3.0712 ii 33.78 .3256 

i~- -2iT7ffF- 37~D- 

Method g4a 

Method #5a 

(13) 

Accident 
Year 

((Sum of Column Ii)~ 5) x (($243,633 : 29 
+ 636,252 ~ 52 
+ 733,341 ! 54 
+ 222,841 ~ 29 
+ 185,689 ~ ll) ~ 5) = $498,263 

((Sum of Column 4) ! (Sum of Coltmm 12)) : $505,351 

04) (15) O63 
211.91 

(1 - ( 1 2 ) ) x  5 (1.0) + (14 )  ( 1 5 )  x (5 )  ¢ (103 

1 0 29 $243,633 
2 1.46 53.46 654,116 
3 3.00 57.00 774,082 
4 9.31 38.31 294,381 
5 28.58 39.58 668,143 

Method g6 Column 16 projected to accident year 6 by linear least 
squares = $673,657. 
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APPENDIX C 

Comparison of  " ad jus t i ng ,  then averaging" vs "averaging,  then  ad jus t ing"  

Let X i be a random v a r i a b l e  represent ing observed losses  fo r  accident  

year  i 

Assume t h a t  these l o s s e s  a r i s e  from d i s t r i b u t i o n s  with expected 

values  t h a t  a re  constant  over time, except for an adjustment fac tor .  

This adjustment f ac to r  can represent  e i t h e r  a l o s s  development fac- 

to r  or a t rend fac to r  or both. 

So X i °~i ÷ Ei i ; 1 , . . . , n  

where /A = under lying expected losses  

a i = non-random adjustment fac tor  (_~I) 

E.x = random e r r o r  E(~i) = O, Var (~i )  = ~t ~ 

We wish to es t imate  ~A 

1 ~ Xi a i  Let lxa = ~ "=1 

This represen t s  t rending (and/or developing) l~own losses  fo r  each 

year  and averaging the r e s u l t s  

This r ep resen t s  the "adjustment to t o t a l  known los ses  method" 

A I t  i s  easy to  see t h a t  both ~,  and ~ i .  a re  unbiased) ie  

EO~, ) ^ = E(~z) =~ - 5ii - 



Calculate the Best Linear Unbiased Estimate (B.L.U.E.) 31 of ~ 

That i s ,  find weights c( such that /a c[X~ is unbiased and has minimtm~ 
) 

variance, 

"&r c~,~ : Z.c~ 

Let 

~c;.  " " q;  - 

Z 
So ~'= ~ 

So _ 3 ~  

Now consider  var ious p o s s i b i l i t i e s  for  ¢~ % 

1. Let ~.~k =,u+ eL ~here ~,(e~)=~ -~ V~ 

This means that ~ = -~ ~ L = ~.""i ¢ - ~  ~o ~ L = q  " 

Therefore ~, is the BLUE 

2. Let ~ ) = k  yL 

So 

-~; 

31. The approach of calculating the B.L.U.E. was suggested by Aaron 
Tenenbein, Associate Professor, Statisics and Actuarial Science. 
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This  means that. C L = ~. 

There fo re  ~',~ i s  the BHJE 

As was d iscussed  in the r e s u l t s  s e c t i o n ,  At  performed b e t t e r  than ~r  

s imula t ion .  

, in the 
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EXPERIENCE RATES AS ESTIMATORS: A SIMULATION OF 
THEIR BIAS AND VARIANCE 

By James N. Stanard 

REVIEWED BY John P. Robertson 

Mr. Stanard's paper opens a new area of actuarial rease~rch, 

namely the use of simulation to investigate the reliability of 

coaaronly used pricing (and related) models. He is not using sim- 

ulation to forecast insuranoe results directly, but rather to 

determine hcxv ~ii a given technique for ~uch forecasting can 

be expected to perform. I believe this is not a paper to read 

to find final answers, but rather to find groundbreaking results 

from a technique ~hi~h should beoome more widely used. 

In this review, I will om~ment on the interpretation of the 

results from the standpoint of bias and variance, clarify (I hope) 

the algebra underlying the derivation of the "Adjustment to Total 

Known Losses Method" and conclude with some comments on other 

possible areas of application of this technique. 

BIAS OF RESULTS 

On an initial reading of the paper, I was surprised by the 

biases developed by the various experience rating procedures. %~nese 

range from +30% to -10% of the expected losses under the first set 

of parameters and are statistically significant sinoe they are 

quite a bit larger than the standard error of the estimate of the 

expected losses. ~]le techniques used are similar to commonly used 

ones which are not normally asstmned to be biased. It is passible, 

however, to see the causes for the bias in the procedures used. 

Mr. Stanard notes the underreserving of claims by the amount 

of future inflation. ~his combined with the use of less development 

factors that only go to the fifth year, produce a downward bias in 

Methods I through 3. Methods 4 through 6 are given downward biases 

- 5 1 5  - 



both by the use of claim development factors that only go through 

year 5, and by use of the actual average known claim size. Given 

the reserving method used, the average actual known claim size 

for a given accident year will tend to increase as the accident 

year develops since few reported claims come in at a higher 

average amount and outstanding reserves are increased for inflation. 

~e latter has two effects on Method 6; it serves to r~duce the 

average claim size (as in Methods 4 and 5) and since it reduces the 

latest year the most and the earliest year the least, it biases the 

average trend downwards. Finally, the restriction of fitted slopes 

to he positive in Methods 1 and 6 contributes an upward bias to these 

methods. 

qhe above effects are all of the significant sources of bias 

in the cases where the trend factor used is equal to the true inflation 

rate underlying the model (8% per year) . (Sere is another minor 

source which I will discuss in the "Adjustments to Total Known Losses" 

section.) I do not agree with Mr. Stanard's cGnmrent that in this 

case "the bias need not be zero because the rating techmique may not 

take inflation into account exactly the way the loss generating model 

does". If the ultimate losses for each accident year were projected 

without bias (which, of course, they're not) , then any of the Methods 2 

through 5 should give unbiased results. Methods 1 and 6 would also give 

unbiased results if exponential fits were used (the straight line gives 

a very slight dowrward bias) and if the slope of the fitted line were al- 

lowed to beoome negative. Clearly, if the trend factor used is not 
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equal to the underlying r~te of inflation, th(an a bias will be 

introduced into any of the above ~ethods. 

I remain surprised by the positive bias of $50,000 reported 

for Method 2c' under the first set of parameters. ~ne only major 

source of bias in Method 2 is the downward one due to lack of full 

development. ~e possible likely error in the bias, as noted by 

Mr. Sta~rd in his section on "Validity of the Results" is about 

$50,000. ~e direct interpretation of ~_he simulatic~ is, therefore, 

that Method 2 is very unlikely to have a negative bias. Uhis seems 

to me to be in conflict with the "a priori" expectation of Method 2's 

bias. ~he fact that the second set of parameters gives a negative 

bias does not help explain this conflict since under the second set 

of parameters all of the biases (including method 2's) have moved 

down about $90,000 from the biases under the first set of parameters. 

~ne fact that biases exist in the methods under eonsideration 

is interesting, but I hope n~y discussion has shown that their exist- 

ence is not too surprising, since reasons can be found for expecting 

bias. Of more interest is the relative magnitudes of the biases, 

since these are harder to predict in advance. Also Methods 1 and 6 

have both positive and negative sourc~_s of significant bias, and 

predicting which will win out would not be easy by a priori methods. 

VARIANCE OF RESULTS 

I believe that the simulated standard deviations are of far greater 

interest than the biases. Bias in pricing methods is something 

that actuaries are used to dealing with and there are obvoius tech- 

niques for eliminating the bias in Methods 2 through 5. (Under 
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Methods i and 6, it would be difficult to part with the restriction 

of non-negative slope; hence, eliminating bias for these methods is 

not as easy.) 

The standard deviations are not only harder to predict than 

bias, but they cannot be "repaired" in the sense that a suspected 

non-zero bias can be repaired. I do not disagree than Method 3c' 

gives the best overall result of the methods tested, but I would 

rKxn~nate Method 5c' as having the greatest promise since it shows 

the least varianoe. In most applications of Method 5, the lack 

of full develop~nent of claim oount would be apparent and some ad- 

jnst~ent could be made to approximate full development. Similarly, 

the development to ultimate of the average claim size in each ac- 

cident year could probably be addressed. Hence, eleminating the 

bias in Method 5 could likely be achieved. AS the underlying 

parameters are changed, I think Method 5's advantages become clear. 

Moving from the first set of parameters to the second (that is, 

missing a change in the trend) influences the bias of all the 

methods similarly. If all were unbiased under the first set of 

parameters, all would be biased by about $-90,000 t~der the second 

set. While Method 5 does not de any better than the other methods 

here, it doesn't do any worse either, the various methods do not 

react as uniformly to the introduction of an unsuspected claim 

count trend. The bias of Method 5 d~anges less from the first to 

the third set of parameters than any of the other methods. No 
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matter what set of parameters is used, M~tlK)d 5 shows the least 

variance. 

Obviously, neither Mr. Stanard's paper nor my discussion 

will prove that some one experience rating technique is the ultimate 

such tednnique. I do hope that I have s~Town that Mr. Stanard's 

results already o0ntain much information of value in choosing a 

technique and that the variance information he gives is likely to 

be as useful or more useful than the bias information. 

ADJUSTMENT TO TOTAL KNO~N LOSSES ~T[DD (ATI~I~4) 

q~ne ATYKI/4 is an interesting method for applying development 

factors to reported results. ~ purpose here is to show the algebra 

underlying the general application of this method, and to tie to- 

gether all of tJ~e places it is actually used in Stanard's paper. 

~he Appendix to this discussion shows that if AiBi=C for all i 

in sc~e set, then ~.Ai) .~i/Bi)=C and that is essentially the ATEKLM. 

qhe application shown in Standard's Appendix A (used in Methods 3, 

5, and 6) is the first application in my appendix. Additionally, 

Methods 2c' through 5c' use the same theory but with the B i as 

trend factors. Stanard justifies this latter use in his Appendix C, 

wherein he notes that he is also justifying the use as loss or claim 

development factors. While his Appendix A and my appendix show that 

the ATEKIM will not introduce any bias into an experience rating 

method, his Appendix C makes a strong argim~nt for expecting less 

variance in results when this method is used. 

~he paper effectively compares the use of the ATFKLM to the 

more normal "adjust, then average" since this is the essential 
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differenoe between Methods 2 and 3 and also bet~4een Methods 4 and 5. 

In either case, the ATPKLM shows less varianoe than the "adjust, then 

a~agrage" method. It would be interesting to co~pare Methods 2c through 

5c to Methods 2c' through 5c' to further test this comparison. 

Stanard's footmote 22 notes "the sirmalat~T)n did not provide conclu- 

sive results either way~" Since the average loss development factors 

are likely to be larger than the average trend factors, it is pos- 

sible that the thest using loss development factors is more Likely 

to show a difference. 

As a final o~nment on the use of the ATTKLM, I must point out 

that as used in methods 3c' and 5c', it introduces a slight bias. 

To illustrate with Method 3c' , Stanard has taken 

where it is more correct to take 

(# ) f s / z  C, zs.; 
One cannot keep spinning o£f factors B i since after the first time 

the relationship AiBi=C fails to hold. The effect of this difference 

is to introduce a very slight negative bias in 5~ethods 3c' and 5c', 

which ooincidentally is approximately offset by the use of (I.08) 3 

in place of 5-~i/(I.08)6-J. 

CONCLUS ION 

In most applications of Stanard's technique, one is not going 

to be able to specify the distributions underlying the experience 

(if one could, then one cou/d estimate mean losses far more accu- 

rately than any normal experienoe rating method allows). ~nus, 

the most significant conclusions to be drawn from the simulations 
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are not in the area of what model best fits some given data, but 

rather are in the area of dnocsing a technique in the absence 

of ally information other than the reported results. 

Areas worthy of further investigat/on include refinements 

to the underlying assumptions to make the model more realistic 

(including application of credibility weighting techniques) , use 

for larger models (what variation should be anticipated in Home- 

owners or Auto Liability indications when the standard ratemaking 

techniques are used?), and the use for testing possible ~nariance 

in rating or ratemaking methods due to particular components of 

the methods. Obviously the larger the model, either in terms of 

number of assumptions needed or the number of claims and other 

items which may need to be simulated, the greater the possibility 

of the cost of runro.n 9 the simulations of becomlng prohibitive. 

Even though f_he simulations presented ere based on relatively simple 

experience rating techniques, it is clear that a great deal of work 

was required to achieve the results. 

In summary, Mr. Stanard has provided a very interesting and 

useful paper, beth from the standpoint of the results of the sim- 

ulations given and also because of the intr~uctio6 of the "average, 

then adjust" method of applying trend and development factors. 
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APPENDIX 

The following le~ma generalizes the result of Stanard's 

Appendix A. Applications include the two used in his paper and 

two new ones. 

lenma: If AiBi=C for i=l to n 

Then (~iA i) .~ (i/Bi) =C (i) 

Also (~WiAi)-.~i(Wi/Bi)=C for any W i (2) 

Proof : Ai=C/B i 

~Ai=Cx~ i/B i ) 

~A i) e~i/B i) =C 

This establishes (i). (2) follows by substituting WiA i and 

Bi/W i for A i and B i in (i). 

Applications: For these applications, think of kj, uj, and u as 

expected values rather than as actual reported values. 

i) Aj=kj (l+i)6-J, Bj=fj, C=u=Aj-Bj=kj.fj(l+i)6-J 

Then u=~kj(l+i)6-J) -. ~i/~) 

93nis is the application given in Stanard's Appendix A. The fact 

that u=kj,fj (l+i) 6-j follows from his ~ssunption 3) as follcws: 

IBNRj=uj-kj::uj-uj/fj=(l-i/.fj) (uj) (Definitions) 

=(l-i/fj)_~6_j (By his asstnnption x(3)) 

Thus, u.=3 --(i~6_ j u  ~ u=u~ (i+i) 6-3=kj fj (l+i) 6 - j -  

2) Aj=Uj ,Bj= (l+i) 6-j ,C=u=AjBj 

lhen u= ~uj) ~I/(l+i) 6-J 

= ~uj) x (5.-~i/(i+i) 6-j) 

~]~is is the method used to adjust untrended results per footnote 23 

of Stanard's paFer. 
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3) Aj=kj, Bj=fj (l+i) 6-j ' C=u=AjBj 

Then u=~kj) .~ ~(i/fj(l+i) 6-j) 

These first three examples show that fj and (l+i) 6-j play 

symnetric roles in the projection of results. 

4) "Ratemaking" 

Let A i be the reported loss ratio (developed to ultimate or 

not) and let B i be the ratio of loss trend to premiua trend (if 

any) from the i th year to the period the rates apply to (tin~s 

an ultimate development factor if not included in A i) . ~nen 

~WiAi) .-~Wi/B i) , where the W i are weightings of the various 

years such as 10-15=20-25-30, gives an estimate of the ultimate 

loss ratio analogous to the o0mnonly used~WiAiB i . Mr. Stanard's 

results indicate that the format may show less variation about 

the true mean loss ratio than the latter. 
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A Statement of The Problem 

A recent article in the Journal of Commerce cited 

all address ~ven at the convention of The ~ational Asso- 

ciation Of Casualty & Surety Agents by its President, 

Mr. John S. Childress, Vice President of Marsh & McLennan. 

[{is remarks emphasized the value of educating the public 

regarding casualty ratemaking procedures and company 

needs. 

Speaking before NACSA, Mr. Childress noted that 

bills are being introduced at both federal and state 

levels "by legislators of Senator Metzenbaum's persuasion" 

that would substantially restructure the insurance busi- 

ness. He went on to say that, "Not only is the way in- 

surance operates being questioned, but its credibility 

is on the line as well. We need to better explaizl our- 

selves, as there are those who qucst±on the integrity of 

our business simply because they do n.~t understand it. 

That is cleaYly our fault. We must eddcate the public, 

the legislatures, and other (~overnmeut officials, who are 

all demanding accurate, credible and understandable 

answers to their questions. They have a need to know why 

we use certain rating classifications ai~d not others." 

l{e indicated that we must make a genuine effort to under- 

stand the need of our insureds and help them comprehend 
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the breadth as well as the limitations of their insurance 

policies. At the same time, Mr. Childress states "we 

must thoroughly examine our industry and find a reasonable 

balance between the profit motive of private enterprise 

and our responsibility to society at large. Society has 

changed faster than we expected, and we will have to ad- 

just ourselves to the needs of the society in which we 

live. However, before we do that, the public must also 

be made to understand the price they will have to pay for 

these changes. Once consumers have a clearer picture of 

what is Involved, they may be able to judge better what 

changes are either necessary or desirable, especially 

when they desire the same degree of protection and service 

or better, than what they already receive." 

We believe Mr. Childress accurately gauges what one 

of the main challenges to the insurance industry will be 

in the 1980's. It is our responsibility as actuaries to 

explain to outside sources (state agencies, consumer 

groups, etc.) the factors that are (or should be) consi- 

dered in rate reviews and filings and quantify them as 

much as possible. This paper begins to respond to this 

challenge by first describing the variables whlch should 

be expressly considered in rate filings, discussing the 

reasons for their inclusion and quantlflcation and finally 
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suggestlng guidelines for the structuring of rate 

[iLing~ in a manzlcr that will assist all sldes (state 

departments, consumer groups and the company) to pro- 

perly evaluate an entity's rate level requirements. 
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Introduction 

During the course of our actuarial careers, many of 

us face the prospect of having our rate filings chal- 

lenged by a State Insurance Department, a consumer bureau 

or our company management. The depth and level of the 

questions posed depend upon the quality and quantity of 

the reviewer's actuarial knowledge and/or personnel. 

This is true even when formal rate filings are not pro- 

duced and rate changes are obtained via informal rate 

reviews not submitted to Outside sources. 

Some of these questions deal with the standard 

issues that have traditionally been considered when 

analyzing a filing. These are: 

(I) The derivation of Loss Development Factors. 

(2) The derivation of Trend Factors. 

(3) Expense Provisions, including those for Loss 

Adjustment Expenses and the reflection of 

Investment Izlcome. 

(4) Reconclllation Of filing results with those 

oF the Annual Statement. 

Until recently, the treatment of these variables 

was rather perfunctory in nature, and is summarized in 

[,art ~ of this papez. Jlowever, there are several hidden 
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variables which impact on insurer results and therefore 

affect each of these four items. Unfortunately, these 

hidden variables have, in many instances, not been 

analyzed carefully during the preparatlon of the rate 

revision and this has caused state agencies and consumer 

advocates particularly to contest rate filings and criti- 

cize ratemaking procedures. In the absence of this out- 

side criticism, omisslon of the consideration of these 

variables can often lead to an inadequate, excessive or 

unfalrly discriminatory rate structure. 

The problem cannot be attributed to a lack of 

understanding since most, if n~t all, ratemakers are 

familiar with these missing factors. Instead, the blame 

lies with their lack of quantification and reflection in 

the rate structure through the filing's statistical 

support. 

The first part of this paper consists of a discuss- 

fan of the present methodologies underlying a rate filing. 

in the second part the author illustrates, by means of 

hypothetical examples, blases resulting from the appli- 

cation of these current treatments which affect the cal- 

culation of the factors enumerated i;* items (1)-(3) above. 

Part three suggests various tests that should be admini- 

stered during thu preparation of a rate filing or review 

in order to anticipate any questions that may arise. 
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included in that section is a proposed llst of inter- 

rogatories to be answered Collcerning the filer's re- 

serving, claim set[lement rate, changes in its business 

mix and other relevant factQrs. 

Part four consists of a sample newsletter wrlttcD 

in laymeIl's language containing a Drlef d£scriptJon of 

ratemakil~g procedures along with an explanation for 

rate adjustments. Distributlon to policyholders of this 

summary might help educate the general public about in- 

surance iJrojections and remove some of the potential 

causes of consumer dissatisfaction and dlstru3t of the 

industry. 
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Part I: The Traditional A},[*roaci~ 

A. Loss Deve ]o~)n1(~llt [.'actors 

The lo~s development model usually followed in the 

past and, stlll em}Jloyed to a great extent presently, 

calls for an ag~-to-age valuation of incurred losses 

over an experience period. This typical loss development 

exhlblt i~ similar to that shown in Part A of Exhibit I. 

The selected "llnk" ratios, displayed on the bottom of 

Part B of that table, are frequently the result of com- 

puting the mean of thosu determined arithmetically above 

for the [,articular maturity studied. From these results, 

completion ratios are calculated. Application of these 

factors to uhe losses reported to date would yield a 

proiect ion of ultimate incurred losses for each accident 

or pc;licy year, as displayed .Jill Part C of Exhlbit I. 

Conspicuousl%" absent in this treatment are explicit 

measures of the variables which ~mpact greatly on the 

loss growth curvms defined by the link ratios. These 

varlables reflect the [ollowlng changes during the ex- 

[)erlence period (or expected to occur subsequently) 

used zn the filing or subsequent thereuo: 

(i) filer's reserving policy and claim sestlement 

procedures 
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(ii) policyholder profile such as the book of 

business such as by classification, territory, 

liability limit 

(iii) propensity of late reported claims and all 

variables attendant thereto based on (i) and 

(ii) above 

(iv) cause of loss for packaged policies 

It would be desirable, therefore, to include within 

the filing or review analysis, statistical support quanti- 

fying each of the above variables in order to properly 

gauge the company's need for a rate revision. 

All of these are comDlned and hidden by the simplistic 

traditional loss development method described above, re- 

sulting in possible biases in the results. I** view of 

these possible distortions, therefore, it is not sur- 

Frising that, in ~his age of consumerism, the past has 

finally caught up. Insureds and their political repre- 

sentatives have become more alept at discerning these 

inherent blases and have of late beets requesting measure- 

ments of the effects of these varlables on loss growth 

patterns and there[ore on Loss development factors. 

B. Trend Fautors 

Traditionally, calendar year trend data of the type 

displayed in Exhlhlt II have been used to derive factors 
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reflecting insurance inflation. This measure is com- 

prised of two aspects: frequency and severity of claims 

and increases in fixed a~id variable expense costs. 

As is seen, Exhibit iI utilizes calendar year paid 

(i.e., closed) claim data usually fitted to an exponen- 

tial curve to project measures of average frequency and 

severity. 

However, any such treatment and calculation of 

trend ±s faulty because it ignores variables which impact 

on a filer's implicit trend data, vlz: 

(i) No determination is made as to whether the average 

maturity lever of the closed claims in Exhibit II 

has changed over time. Hence, it is possible that 

at any point in time, there might be a large number 

of either older or younger claims being settled 

which might in turn yield larger or smaller than 

usual claim sizes. This, naturally, would throw 

off the results significantly. Claims closed during 

an accident year's first maturity may exhibit dif- 

ferent claim cost trends than those closed later 

and there might have been a shift in the average 

age of closure during the experience period. It 

would therefore seem desirable to include a trend 

exhibit showing changes in frequency and severity 

~y maturity within accident year, for example. 
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(ii) NO correlation is made between changes in claim 

cost and frequency and changes in the company's 

policyholder profile during the experience period. 

A shift in the mlx of insureds may affect loss growth 

patterns in the areas of propensity to sue and rapi- 

dity of reporting. The influence of these changes 

by classification and territory is cbvious. It is, 

for example, known that urban insured's claim costs 

are higher than those of rural policyholders and 

that younger drlvers tend to sue for less than those 

of mi'ddle age (i.e., or hlgher wage earning) group. 

(Jii) With respect to packaged policies, most filings 

do not include a cause of loss data breakJown. Such 

an analysis would provide trends of exactly where 

the loss dollars are coming [rom. Then, separate 

trend factors could be computed, using the filer's 

actual state experience or isdustrywide data in that 

particular state for that specific cause of loss 

(flre, llability, theft, etc.). Such cause of loss 

data would also be helpful in predicting trends in 

loss development patterns. Just as different loss 

development patterns are ap[,llcable for each cause 

of loss, so are different trend factors, both with 

respect to frequency and severity. 
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Once again, the problem with the traditional 

statistical support, as shown in Exhibit If, centers 

around the fact that the impact of these important 

variables, (i) - (ill) above, is not quantified. As in 

the case of loss development factors, severe biases can 

result when there has been a change in a particular 

aspect contributing to the final result. 

C. Ex~)ense Provisions 

The method tradltionally used to quantify overhead 

expenses is illustrated in Exhibit IIl. Frequently, a 

pzovislon for each expense item is developed using ~atios 

of costs to written and/or earned premiums for the most 

recent several years. 

However, there are two significant shortcomings in 

this method: 

(i) Expenses are ~aken as a percentage of past 

calendar year collected earned premiums. The effect 

of prior year rate changes on these ratios and a 

list of budgetary estimates for the coming year are 

not considered. 

(ii) The tradi¢lonal loss ratio method of ratemaking, 

by which expense provisions ace refiected in the 

rate ~t~ucture in deriving a ~ross rat~ or level 

change, assumed that al__~ expenses var~ directly with 
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ios$es. In fact, only some of the total insurer's 

expellses vary with premiums whlle others are rela- 

tively fixed. Separate treatments Of these different 

types of overhead costs are required in order to 

arrive at a fair rat6 level. 

Several stales have begun recogi!~zlng the need and 

|,rupriety of separating fiMed from variable expenses and 

tcrrltorial flattening of fixed costs in their ratemaking 

models. Thi~ has proven bel:ef~cial to ins[,reds who, in 

the pazt, l, ight hove faced as large an it%crease in the 

expRnse ~o~tion of Lhe rata, which often totaled 35% of 

the ~otal rate, as they did ill the los~ portion. This 

was particularly true in the professional liability area 

during the middle 1970's. 

D. Reconciliation of Filer'm Results With Those 
Shown In The Annua] Statement 

increased consumer consciousness has given rise to 

policyholder indignation regarding companies' financial 

resolts. Insureds, cognizant of satisfactory earnings 

records en]oyed by insurance companies, fail to compre- 

hend the necessity for large rate increases. It is vital 

that we in the insurance industry be equipped to explain 

this seeming contradiction. 

In actuality, Annual Statement results are not and 

should not be used as statistical support for rate 

filings. Statement losses reflect countrywide data with 
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all coverages, voluntary and assigned risk, Bodily 

injury and Property Damage, z~et as to reinsurance, and 

so o.I, combin,d. If premiums and losses shown in the 

Statvment were required to b~ as detailed (or anywhere 

near so) as those required in a rate filing or review, 

an eighteen wheel Mack truck would be needed to deliver 

a company's Statement to the insurance department. 

Be that as it may, there is no doubt that some im- 

portant parts of rate filings do not appear to be treated 

anywhere near a~ rigorously as they are on the filer's 

Statement. The main reference herein concerns reserve 

levels. A company's Ant*ual Statement contains reserves 

which, in most cases, |,ave been calculated with the ut- 

most care to reflect the items of Subsection A above. 

Input from actua~i~l a*Id other departments is used to 

properly evaluate a company's loss and loss adjustment 

reserve requirements, particularly in the area of case 

reserving adequacy, rate of settlement, trends and changes 

in the book of business. On the other hand, the deri- 

vation of loss development factors shown in rate filings 

(Exhibit i) is comparatively cursory in nature. If one 

performed such an analysis using the data in Part 2 of 

Schedule P of a company's Statement, the resulting 

ultimate losses and/or statement reserves would, in most 

cases, be far diffeLent than those predicted In the 
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company's balance sheet. As we stated earlier, this 

often results from not analyzing separately the above 

variables. 

The above Subsections A - D of Part One have 

summarized the major issues the writer feels should be 

addzessed when preparing a rate analysis or filing. 

Part 2 will examine, for each of the three major 

adjustments (loss development, trend and expenses) 

discussed above, some of the biases which can occur 

with~ut a complete and thorough review of the variables 

which impact on these factors. 
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Part 2: Discussion of Hidden Biases in The Traditional 
Approach 

A. Loss Development Factors 

(i) Chan~es in a filer's reserving polic~' 

Consider the situation where a compan} has altered 

its reserving policy and is now reserving more adequately 

at the case level than it was i:i the past. At this part- 

icular point in time, therefore, the company's incurred 

losses are at a more mature level than at comparable 

dates in tile prior accident or |~olicy years. 

However, applicatlon of historically derived loss 

development factors, pnrtlcularly using the method des- 

cribed in Exhibit I, to the present, more adequate 

valuation of incurred losses would bias the filer's est- 

mate of ultimate losses d£amatieally upward. 

We describe below at, example of how changes in the 

reserv*ng policy of the filer can affect results. Part 

A of Exhibit IV displays the outstanding loss portion of 

the Exhibit I incurred development. Using the claim 

counts in Part B of Exhlbit IV, average outstanding loss 

costs are computed in Part C. As evidenced upon exami- 

nation of the last diagonal, a significant increase in 

this average outstanding loss cost appears to have 

occurred during the latest, 1978, calendar year. This, 

in the absence of large claims (for which these average 
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reserves should always be examined for bias), may mean 

that the insurer has begun to reserve more adequately 

during 1978. Before any subsequent adjustment is made, 

this should be conflrmed by questioning company per- 

sonnel in the claim or underwriting area. 

The Exhlbit I completion ratio of 2.137 for ex- 

ample, which is applied to the 1978 incurred losses to 

date of $400,000 results from past reserve deficiencies. 

Applying it to the 1978, more adequate, first maturity 

incurred losses results in the possibly overstated ultl- 

mate loss projection of $854,8U0 produced in Column (3) 

oi Exhibit I. 

It is important to realize that, in any test of 

reserve adequacy siml]ar to that shown in Exhibit IV, 

allowance musu be made to reflect normal inflationary 

pressures that manifesL themselves in rising claim costs. 

In Exhibit IV we notice that 1974-78 calendar year changes 

in the flrst maturlty (i.e., 12 months) hovered in the 

25% to 35% area. If we assume that external sources 

indicate that company claim costs are increasing 10% per 

year, we may conclude that the insurer has adopted a 

policy, express or implied, increasing its reserve ade- 

quacy. 
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This apparent strengthening at the case reserve 

level will greatly affect the future incurred loss 

growth pattern and should be recognized when selecting 

completion ratios. As we indicated earlier, any failure 

to reflect these changes will bias the projection of 

ultimate incurred losses dramatically upward. An ad- 

justment should therefore be made to the link ratios 

produced in Exhibit 1 to reflect this change in the 

reserving policy of the carrier. 

It is, therefore, imperative to include, in the 

rate filing or review, an exhibit measuring explicit or 

implied changes in the company's reserving policy. 

One way to correct these biases is suggested in 

the descrlption and numerical example shown in Exhibit 

V-A, wherein the most recent average outstanding loss 

cost for each past accident or policy year is used and 

prior year's average outstanding losses (for the same 

maturity) are adjusted backward by an estimated in- 

flation factor. These "smoothed" average costs are then 

multiplied by the corresponding outstanding claim counts 

for the maturity/accident year cell to obtain total 

"adjusted" outstanding losses. When pald losses are 

added in the corresponding cells, the resulting artificial 

incurred development pattern can be used to calculate 

development factors and finally, ultimate incurred losses. 
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AS can be seen from Exhibit V-B, this would result in 

incurred losses smaller by about $262,000 (i.e., 

$3,194,746 per Exhibit V-B compared with $3,456,639 per 

Exhibit I) or 8% as compared with the unadjusted re- 

sults using the traditional approach in Exhibit I. 

Of course, the above example may be an over simpli- 

fication of the approach needed to be taken. However, 

the fact remains that, currently, little effort is 

expended by filets in the determination and quantification 

of changing reserving practices. This failure leaves the 

industry susceptible to crlticlsm from state agencies 

and consumer groups. 

(ii) Changes in the filer's rate of settling claims 

A situation similar to that described above can re- 

sult from a modification in the rate of claim settlement. 

AS before, application of historically derived paid 

and/or incurred development factors to present, more 

mature or adequate valuation of paid or incurred losses 

would likewise bias the results. 

TO illustrate, Part A of Exhibit VI has been pre- 

pared to test pald loss development data. Normally, in 

a fast closing line like Homeowners or Physical Damage, 

such paid loss input can be used in estimating a carrier's 

ultimate losses. Parts B and C of Exhibit V1 display the 

projection of ultimate losses of $3,154,653 resulting 

from these empirical results using the traditional 
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development approach. No test has yet been made to 

ascertain whether the company's claim settlement pattern 

has changed. Let us assume we perform such a study in 

Exhibits VII-A and VII-H. 

Exhibit VII-A sets forth a simple age-to-age 

pattern displaying ratios of the number of paid claims 

during a period to the total number of incurred claims 

by maturity within accident year. Although use of report 

year data in the manner described in Part 3 of this paper 

is preferable, many insurers do not have such data readily 

available. However, the Exhibit VII-A calculation is 

usually available and can be used for our purpose. As 

can be seen in Exhibit VII-A, therefore, these "disposal" 

ratios indicate an increase in the rapidity rate of claim 

settlements. 

if we reflect this speed-up in a modified paid de- 

velopment approach in the manner described beginning in 

Sheet 1 of Exhibit VII-A, we would apply a factor smaller 

than that employed in Part C of Exhibit VI for each year. 

The change in the ultimate loss projection between 

Exhibits VII-B and VI exceed $600,000 or about 19% due 

to this adjustment. Basically, the method involves an 

adjustment using the same ratio of paid to total losses 

going back in time by maturity within accident or policy 

year . 
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Changes in the reserving and claim settlement 

policy of the filer, either explicit or implied, con- 

stitute the two most prolific influences in a historical 

loss growth pattern. Estimation of these influences 

would greatly aid in providing a more accurate loss and, 

therefore, rate picture. 

Unfortunately, most companies make no effort, at 

the present time, to explain and document these variables 

in their filings. 

The above studies to determine changes in reserving 

policy Or settlement rates do not have to be confined to 

state data. Regional or countrywide data could be used 

to determine a filer's reporting pattern and its reserving 

and claim settlement policies. The broad conclusions 

reached from these studies can be applied to the statewide 

data used in the filing, when relevant. The main point 

here is that these items should be considered since they 

do eventually impact on rate levels. Inclusion of some 

of these studies can improve a filer's credibility with 

its insureds and state agencies. 

(iii) Changes in the policyholder ~rofile 

Loss growth patterns are significantly affected by 

the territorial and classificatlon mix of the insurer. 

A shift in the policyholder profile will obviously bear 
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0;~ the results. Illustratively, a more urban insured 

profil~ will give rise to a more litigious claims 

picture in the future. This will in turn cause a more 

protracted loss growth pattern for the more recent 

accident ye. ars and hence, greater weight should be placed 

thereon (or alternatively projected loss development 

factors should be used) if this type of insured profile 

w~ll contlnue in the future. 

Similarly, if the filer has changed its policyholder 

profile by classification and is, for example, insuring 

more yourlg drivers, the loss growth pattern should be 

different in the future than was the case historically. 

These policyholder mixes would affect implicitly 

both claim settlement and reserving policies and to the 

extent possible their influence within these areas should 

be studied. 

Statistical tests of significance can be made to 

determine if a correlation mlgbt exist between terri- 

torial or class splits and changes in the insurer loss 

growth pattern. The input for such tests may be in the 

form prese,~ted in Exhibit VIII and either a judgmentally 

or statistically based adjustment may be made in the 

filer's loss development factor. 

In rate filings there is little, if any, evidence 

of this type of analysis at the present time. There is 

usually no indication as to what the current policyholder 
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profile is, vis-a-vis territory and classification and 

how it has changed during the experlence period. 

Furthermore, no attempt is made to correlate and quan- 

tify changes in the policyholder mix with factors 

affecting loss development patterns, such as propensity 

to sue and early reporting of claims. 

(iv) Propensity for late reported claims 

When performing a comprehensive reserve study, the 

actuary usually separates loss data by report year to 

determine and quantify changes in the development 

patterns of losses for claims reported early as compared 

with those reported late. The same type of analysis 

should be done for rate filings. Usually, late reported 

claims will exhibit characteristics different with re- 

spect to both development and trend from those which are 

reported during the accident year. As we indicated in 

the preceding subsection, such a study can and should bc 

considered with changes in the exposure profile of a 

company. As a minimum, loss development data already 

submitted in a filing or prepared for a rate review 

should be broken down between claims reported within the 

accident or policy year and late reported to 

allow for a more detailed study. If these data lack 

sufficient credibility, regional or couz~trywide statis- 

tics could be used to document these effects. 
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(v) Packaged policies 

With respect to packaged policies, we believe that 

cause of loss data should be made available so that the 

reviewer can make a determination as to exactly which 

direction the preponderance of losses are taking. If 

the liability component is increasing, for example, a 

more protracted loss growth pattern can be expected in 

the future and vice-versa. An exhibit such as that 

shown herein, i.e., Exhibit IX, could be prepared when 

reviewlng a rate structure. 

All of the above items are considered carefully 

when quantifying a particular company's reserve level 

for Annual Statements Or other purposes. It seems 

logical to expect that similar care be given to quanti- 

fying these reserves on a by-state and subline basis 

for rate fillng purposes. 

B. Trend Factors 

The current valuatioll of trend factors, in most 

cases, leaves much to be desired. Ordinarily, a table 

such as that set forth in Exhibit IX is displayed and 

the problems attendant with the procedure followed using 

this table were discussed In Part 1 of this paper. 

A demonstration of the biases caused by combining 

claims of different age groups is seen from Exhibit II-A. 

This table displays average paid claims cost data by 
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maturlty within accident year. It is demonstrated that 

there are di[ferent trends existing at various maturity 

levels. IE we ascertain that the most recent average 

cost corresponds to an average sett]eniemt date of 2.0 

years as compared with say an h±stor~cal average of 3.0 

years prevailing durlng the past, the implied trend 

factor would be different by, say, 10%. This is ex- 

tremely prevalent where there ha5 been a shift toward a 

policyholder prcfile of insureds who tend either to have 

their case closed earlier or iaeer than in the company's 

past profile. 

It must be recognized that there are multiple com- 

ponents comprising the trend factor. Each of the issues 

addressed above should be quantified, as much as possible, 

with respect to both loss frequency and severity. 

Furthermore, when exposure is measured by the amount of 

insurance purchased, premium trend factors must be used 

as an offset to the loss costs in order to recognize 

inflation resulting in increasing insurance-to-value. 

When government indices are used, the filing should 

statistically correlate insurance company results 

(severity and frequency) with those using Consumer Price 

or related indices. Such a correlation can take the 

form described in Exhibit II-B by maturity within acci- 

dent year. Once we establish this correlation, these 
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external indications can be used and the argument that 

they are not relevant to insurance industry data can be 

diffused. Of course, these severity trends should al- 

ways be used in conjunction with frequency trends to 

obtain a total pure premium trend picture. 

C. Expense Provisions 

The insuring public and state agencies will, for 

the most part, no longer accept the old notion that all 

expenses can be assumed to vary with losses and premiums 

as implied by the formula dlctated by the old loss ratio 

method, viz: 

Indicated Rate Rate Level Loss Ratio 1.000 
Change Expected LOSS Ratio 

Recent rate models allow for a breakout between 

fixed and variable expenses and include the following 

general models: 

a} Indicated Rate ~vel Loss Ratio + Fixed Expense Ratio 
1.000 

~te Chg. 1 - VarLable Expense Ratio 

b) Indicated ~te ~vel Loss Ratio + / Fixed Expense Ratio yl 
= -i.000 

Rate Chg. 1 - Variable Expense k x Inflation Factor 
Ratio 

It seems logical that a breakdown between fixed and 

variable costs would be appropriate. Certain expenses, 

such as taxes, underwriting profit and a portion of pro- 

duction costs are and should be computed as a percentage 

of premium. On the other hand, a portion of others, 
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such as general overhead expenses (salaries and rent), 

are relatively fixed in nature and should be treated as 

such. 

In addition to the above treatment of fixed and 

variable costs, it is important to point out that the 

present system of determination of expense provisions, 

as a ratio to premiums, leaves much to be desired. 

Normally an historical three year ratio of various ex- 

penses to written or earned premiums is examined as a 

provision selected for use in the future. 

A more appropriate way to estimate this provision 

would be to project a budget for the coming year (the 

estimated dollars needed for various expense categories 

in a line for a state). This would result in a flat 

policy fee to be charged on each policy to be supplemented 

by other variable costs. The formula then for each class 

premium would be as follows: 

Gross Class Indicated Loss Cost For That Class Policy Fee 
Premium = 1 - Variable Expense Ratio + 

The above would remove the inconsistency of obtaining 

percentages of expenses to past calendar year premiums, 

which may be composites of many different rate levels for 

the particular year. For instance, if a company intends 

to increase its rates by 20% beginning next year and its 

general expense costs by only 10%, the general expense 
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ratio should change from that estimated the year before. 

The percentagu used in the s~parating of expenses 

into the fixed and variable components can and should be 

quantified. These affect rate levels by a significant 

degree, as Exhibit Iii-A shows, using hypothetical data. 

D. Reconciliation Between Rate Filings and Annual 
Statement Results 

We indicated in Part 1 of this paper that if the 

methods used to estimate loss development factors had 

been followed in setting reserves on the financial level 

li.e., for the Annual Statement) those liabilities might 

be much different than would presently be the case. In 

order to obviate this problem, a quantification of the 

various adjustments that are used in the calculation of 

Annual Statement reserves should be made and included as 

a separate memorandum in the rate filing. 

Explicitly, then, the methodology used and in fact, 

the bottom-line reserves appearing in the Statement will 

tie in with those shown in the rate filing and a consis- 

tency would result. This consistency will serve to 

counter-balance the argument that consumer groups have 

in terms of the anomaly between Statement "profits" and 

losses claimed in rate filings. It will also allow for 

a more accurate representation of insurer results in the 

rate review process by reflecting the most likely more 
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sophisticated techniques that were employed in the 

development of annual statement reserves. 

In order to accomplish this goal, we suggest that 

a supplemental memorandum be included within each fillng 

or rate review describing the reserving process used in 

the Statement and showing how the variables reflected 

therein were introduced as input in the filing or rate 

review under examination. Studies such as those ex- 

plicitly set forth in Part 3 could be included in this 

analysis. Inclusion of such exhibits can ease approval 

of the filing and satisfy departmental inquiries re- 

garding loss development and trend. 

The issues of reflecting investment income in the 

ratemaking process has heretofore not been addressed 

because of the author's wish to keep within underwriting 

and actuarial areas. However, regardless Of whether or 

not such income to whatever degree Is reflected, it is 

important that insurers quantify this aspect correctly 

in rate filings or reviews. Exhibit X presents a brief 

description of the familiar cash flow approach and 

quantifies investment earnings on both loss and unearned 

premium reserves. 

All of the above would, in the judgment of the writer, 

serve to ameliorate the relationship between the insurance 

company and the public and/or regulatory body. 
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The Casualty Actuarlal Society in recent years has 

been blessed with numerous excellent studies regarding 

reserving methodologies. It is our belief that some 

part of these can and should be integrated in the rate- 

making process and in the actual filings to help estimate 

the insurer's liability for claims. This will provide a 

more accurate picture of ultimate losses and ultimately 

rate levels. 

The report formats in Part 3 of this paper serve to 

highlight the information process which should, if possi- 

ble, be included in rate filings and reviews and allow 

for reflection of these aforementioned studies. 
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Part 3: Recbmmended Report Formats To Bc included In 
Rate Filings 

This section discusses tests which should be per- 

formed at every rate and reserve evaluation. 

These two studies cannot be separated because, in 

m o s t  lines, losses ::orlnally comprise at least 60% of 

any insurer's gross fate a~d prober estimation of these 

losses requires ~roduc[ion of an actuarially accurate 

~u~,erve level by accident or policy year. 

it is felt that these tests or reports could be 

ased to help answer the fullowJng questions regarding 

an insurer's loss experience and the variables inf!u- 

er~cing this experience, particularly in the area of 

loss development, viz: 

(I) Change in the company's reserving policy, 

(2 Change in the company's claim settlement rates. 

(3 Change in the company's policyholder profile 

(by class and territory). 

(4 Change in the company's cause of loss for 

packaged policies. 

(5 Change in the company's reporting patterns and 

trend factors (frequency & severity) by 

report year. 

In order to be able to explicitly measure each of 

these variables and respond accurately to the changing 
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conditions of the insurer in terms of the claim climate 

and policyholder mix, the following tests must be per- 

formed : 

T__est i. Calculation of Reserve Adequacy 

This test will estimate the effect of any changes 

in the filer's reserving policy affecting the adequacy 

of the case reserves, it is important, of course, that 

the data be presented separately by layer of losses 

(i.e., basic limits only, losses for amount of insurance 

range x to y, etc. ) so that large claims do not distort 

the results. 

The following format is suggested: 

Average Average Outstanding Cost For Limit at: 

Year 12 MOS. 24 MOS .... 60 MOS. 72 MOS. 

X 

X + 1 

X + 9 

The average annual changes can be computed by 

dividing the "n"th average outstanding loss cost at each 

maturity by the "n-l"st as described in Exhibit IV of 

this paper to determine if a large change occurs at any 

one point. 
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Test 2. Calculation of Claim Disposal (or Settlement) 

Rate 

AS stated, this measures the filer's rate of settling 

claims and has an effect on both paid and incurred loss 

growth patterns. A calculation of disposal rate of claims 

to measure claim settlement practices of rate filets 

follow. 

A. Definition of Disposal Rate (DR) 

DR = 
NS 

NOB ÷ NR 

where DR 

NS 

= Disposal Rate 

= Number of Claims settled during 

calendar period 

NOB = Number of Claims that were 

outstanding at the beginning 

of the period 

NR = Number of Claims reported during 

the peirod 

B. The followingtable would be prepared by the filer: 

(I) 
Period (normally an 

accident zear) 

(2) 

Disposal Rates 

0-12 Mos. 12-24 MOS. 24-36 Mos. 

X 

X + 1 
X + 2 

X + 3 

If report year data are unusable, then ratios of 

paid to total reported claims by maturlty within accident 
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years can be developed as described b~' Exhibits VII-A. 

Test 3A. Calculation of Implicit Average Annual Change 
In Claim Costs 

Implicit changes in claim costs could be obtained 

by examining the average incurred claim cost (by amount 

of insurance range x to y, basic limits losses, etc.) 

by maturity within accident year. The followlng table 

would be produced: 

TABLE A 

Average Loss Cost Reported (or closed) 

Accident In 12 Mos. Ending With 
Year ~ MOS. 24 Mos .... 60 Mos. 72 Mos. 

X 

X + 1 

X + 9 

The average cost at each maturit[ could be computed 

as a weighted arithmetic mean or by fitting a curve to 

the average costs at each maturity. Thus, claims re- 

ported or closed during the first 12 months may average 

an annual increase in cost of 5%, those closing the 

second 12 months, 10% and so on. An overall average 

annual change in cost would then be computed by obtaining 

a weighted average date of reporting or closure (i.e., 

payment) underlying the historical period studied. This 

"averlge" maturity in the past could be compared to that 
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estimated presently on reflecting the current disposal 

rate to estimate the overall value of the trend factor 

to be used. 

Hence, If Test 2 results indicate a speedup of 

about 12 months in the average date of settlement and 

historical data rl*dicated a trend factor of 10% on an 

average 36 month closure and a 5% trend on a 24 month 

closure, then a trend factor closer to 5% mrght be in- 

dicated. 

The above trend calculation only refers to claim 

severity and hence measures only one-half of the insur- 

ance inflation index. Claim frequency should also be 

considered and this could be determined by maturity 

within accident year in Test 3B. 

Test 3B. Calculation of Average Claim Frequency Per 

Exposure 

Ratio of the No. of Claims ~ptd. 
Accident No. of Earned (or Settled) To Column (I) as of: 

Year Ex|;osures 12 MOS. 24 Mos .... 60 MOS. 72 Mos. 

X 

X + 1 

The combination of the maturity changes of frequency 

with those of costs in Test 3A would determine the insur- 

ance inflation component separately for each maturity 
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keeping in mind the basic laws of ratemaking: Pure 

Premium = Claim Severity x claim Frequency and Total 

Insurance Inflation - Claim Cost Trend ~ Claim 

Frequency Trend. 

Test 4. Compilation of Data Reflecting Changes In A 
Companz's Book of Business 

This is a very critic~l area which, unfortunately, 

has not received the attention it should have in the 

past. 

If a filer has changed its book of business in the 

most recent year, the experience for years prior thereto 

becomes much less relevant to future situations and an 

adjustment (either qualitatively or quantitatively) must 

be made to reflect these changes. Some of the data re- 

quired whlch would determine whether the filer has 

changed its book follows: 

(I) Distribution By Class 

(2) Distribution By Territory 

(3) Distribution By Liability Limits or Deductible 

The above are all very important in analyzing ex- 

perience. When considering the situation by class, 

different types of insureds have different propensities 

to sue and if there has been a class shift, then the 

development factors obtained would be affected. The 
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insurer should be prepared to correlate changes in itn 

business mix with changes in its trend, development and 

other results. Following are types of formats which 

should be presented as part of any rate filing. 

Compilation of Data Used To Determine 

A Shift In The Book of Business 

Number of Car Years Earned (or Other 
Exposure Measure) During Year 

X X+l X+2 X+3 X+4 Class 

l 

n 

Territory 

A. Dlstribution By Class 

X x+l X+2 x+3 X÷4 

B. Distribution By Territory 

These are only "marginal" distributions in statis- 

tical terminology, hence would not disclose an interchange 

of classes of insureds between territories where terri- 

torial totals and class totals remained unchanged. If 

such a development is suspected, a two-way classification 

should be prepared for each year. 

Year Basic 50/100 100/309 50 Ded. Coll. I00 Ded. Coil• 

X 
X+I 
X+2 

X+4 

C. Distribution By Liability Limits 

or Deductible Coverage 
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Test 5. Interrogatories 

The tests usually performed produce a number of 

questions, the answers to which should be made part of 

each report. Suppose the data seem to imply that a re- 

serve policy change took })lace during the experience 

period. The company should have the opportunity to re- 

spond to the indications. It is possible that the data 

may be misleading and tl%e company should have a chance to 

zebut. 

The following questions may be included in an 

Interrogatory section: 

i) Has there been any change in reserving policy 

during [he ex|~erience period to make reserves more or 

less adquate? 

2) Has there been a change in company's claim 

settling pollcy, either faster or more slowly? 

3) Has there been any change in the company's system 

of reporting cla}ms? 

4; }{as there bee;% a change in the company's claim 

adjustment procedures, tactics, or policies? 

5) Has there been any change in the book of business 

by territory, classification or by policy offering 

(higher or lower deductibles, policy limits)? 

6) How have the above been reflected explicitly in 

the development of historical incurred losses to an 

ultimate settlement basis? 
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Exhibit I 

Year 

1974 
1975 
1976 
1977 
1978 

Derivation of Reserves Using Historical 
Incurred Losses 

PART A. Losses Incurred as of Maturity 

1 2 3 4 

560,625 
598,125 

250,000 375,000 487,500 
300,000 435,000 543,750 
325,000 463,125 567,328 
350,000 481,250 

400,000 

Link Ratios 

5 

588,656 

Year 1-2 2-3 3-4 4-5 

1974 1.500 1.300 1.150 1.050 
h975 1.450 1.250 I.I00 
1976 1.425 1.225 
1977 1.375 

Selected: 

PART B. Average Link Ratios 

1-2 2-3 3-4 4-5 

1.438 1.258 1.125 1.050 

Completion Ratios 

l-Ult. 2-UIt. 3-Ult. 4-Ult. 

2.137 1.486 1.181 1.050 

PART C. Calculation of Ultimate Losmes & Reserve Levels 

Year 

(I) (2) (3) (4) (5) 

Losses Ultimate 
Incurred Completion Incurred Losses Paid Indicated 

To Date Ratio Losses TO Date Reserve 

1974 588,656 I.U00 588,656 588,656 0 
].975 598,125 1.050 528,031 541,875 86,156 

1976 567,328 1.181 670,014 450,328 219,686 
1977 481,250 1.486 715,138 319,250 395,888 

1978 400,000 2.137 854,800 188,950 665,850 

TOTAL 3,456,639 1,367,580 
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Exhibit II 

AUTOMOBILE LIABILITY INSURANCE 
_. Private Passenger Cars 

Average Paid Claim Cost Data 

$I0,000 Total Limits Total Limits 
Year Ended Bodily Injury Property Damage Medical Pymts. 

6/30/75 1,623 373 403 
9/30/75 1,666 383 407 

12/31/75 1,721 391 411 
3/31/76 1,771 399 416 
6/30/76 1,811 407 423 
9/30/76 1,836 417 434 
12/31/76 1,867 429 446 
3/31/77 1,901 440 459 
6/30/77 1,946 453 46S 
9/30/77 1,990 467 475 

12/31/77 2,025 480 483 
3/31/78 2,047 494 491 

3/31/78 Claims 202,333 1,446,868 91,464 
Avg. Annual Chg. +8.7% +10.7% +8.1% 

Average Paid Claim Fre~l~ncy Data 

(Claim Frequency Per I00 Cars) 

Year Ended Bodily Injury Property Damage 

6/30/72 1.9487 7.2151 
9/30/72 1.9103 7.2084 

12/31/72 1.8622 7.2010 
3/31/73 1.7924 7.0722 
6/30/73 1.8091 7.3311 
9/30/73 1.7845 7.3780 

12/31/73 1.7018 7.1910 
3/31/74 1.6591 7.0924 
6/30/74 1.5682 6.9167 
9/30/74 1.5408 6.8727 

12/31/74 1.5824 7.0670 
3/31/75 1.5831 7.0202 
6/30/75 1.6222 7.1884 
9/30/75 1.6269 7.2716 

12/31/75 1.6018 7.2865 
3/31/76 1.5720 7.2697 
6/30/76 1.5608 7.1284 
9/30/76 1.5569 6.9747 

12/31/76 1.5729 6.7731 
3/31/77 1.5765 6.7320 
6/30/77 1.5397 6.5212 
9/30/77 1.5019 6.3103 

12/31J77 1.4598 6.1057 
3/31/78 1.4330 5.9851 

3/31/78 Claims 202,333 1,446,868 
Avg. Annual Chg. -4.1% -2.3% 
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Exhibit II-A 

Accident 

Year 1 2 3 4 

Average Paid* Claim Cost For Claims Closed 
In Maturity 

1974 I00 115 160 170 

1975 ii0 135 210 290 

1976 121 159 280 

1977 133 188 

1978 145 

Avg. Annual Chg. 10% +20% +30% +60% 

* or incurred 
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Exhibit II-B 

Date 1 

3/77 

6/77 

9/77 

12/77 

3/78 

6/78 

9/78 

12/78 

3/79 

6/79 

9/79 

12/79 

Insurance Company Government 

Claim Costs* Index ** 
Acc. Yr. Ace. Yr. Acc. Yr. 
1977 1978 1979 

* Adjusted for changes in the deductible mix. 

** Such as Modifled Consumor Price Index, Construction 
Cost Index, etc. 
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Exhibit III 

Historical Derivation of Expense Ratios and 

Reflection In The Traditional Loss Ratio 
Method of Rstemakin@ 

1977 1978 1979 

Written Premium 1,000,000 1,200,000 1,500,000 

Earned Premium 900,000 I,i00,000 1,400,000 

Total Production Costs 200,000 252,000 300,000 

General Expense I00,000 ii0,000 130,000 

Expense Ratio 

Production Costs 

of Written Premium 20.0% 21.0% 20.0% 

**General Expense 

of Earned Premium 11.1% 10.0% 9.3% 

Mean 

20.3%* 

i0.1% 

* Use 20% 

** ~ Use 10% 
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Exhibit III-A 

Percentage of Premium 

Variable Fixed 

Data Data TOTAL 

a) Commission & Brokerage 20% 0% 20% 

b) Other Acquisition i-1/2% 1-1/2% 3% 

c) General Administration 5% 5% 10% 

d) Taxes 2% 0% 2% 

e) Profit 5% 0% 5% 

f) Total Expense Ratio 33-1/2% 6-1/2% 40% 

g) Expected LOSS Ratio 60% 

If the rate level loss ratio is 70%, the indicated 

change under the old loss ratio methods is +16.7%, viz: 

Indicated Rate .700 
= 1.000 = .167 

Change .600 

If we split between fixed and variable expense, we 

would obtain a +15.0% change, viz: 

Indicated Rate .700 + .065 
-I.000 = .150 

Change 1.000 -.335 

If we accept the idea that producers should receive 

at least a partially fixed commission for each policy 

(say 10% fixed, 10% variable instead of 20% variable as 

above), we obtain a +13.1% change, viz: 

Indicated Rate .700 + .065 + .i00 _ 1.000 = .131 
Change 1.000 - .235 
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Exhibit IV 

Derivation of Rate of Change of Outstanding Loss Cost 

PART A. Losses Outstanding as of Maturity 

Year 1 2 3 4 5 

1974 75,000 80,000 75,000 45,000 0 
1975 86,250 I00,000 90,000 56,250 
1976 125,050 120,000 117,000 

1977 156,350 162,000 
1978 211,050 

PA_RT B. Number of Losses Outstanding as of Maturity 

Year 1 2 3 4 5 

1974 50 40 30 15 0 
1975 50 40 30 15 

1976 50 40 30 
1977 50 40 
1978 50 

PART C. Average Outstanding Loss Cost as of Maturity 

Year 1 2 3 4 

1974 1,500 2,000 2,500 3,000 

1975 1,725 2,500 3,000 3,750 
1976 2,501 3,000 3,900 

1977 3,127 4,050 
1978 4,221 

PART D. Rate of Change of Outstanding Loss Costs 

Year 1 2 3 4 

74-75 1.150 1.250 1.200 1.250 
75-76 1.450 1.200 1.300 
76-77 1.250 1.350 

77-78 1.350 

Ave rate Change 

1 2 3 4 

1. 300 1 . 267 1 . 250 1 . 250 
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Exhibit V-A 
Sheet 1 

Te.st For Change In Adequacy of Case Reserves 

Incurred losses are composed of both paid and 

outstanding losses. Hence, any change in the strength 

of case reserves will affect incurred losses and, there- 

fore, will distort any analysis performed on them. The 

way to test for changes in the adequacy of case reserves 

is to examine trends in the size of average outstanding 

logs costs over tlme. Such changes can occur in two ways. 

First, there can be a slow increase in the strength of 

reserves over a number of years. If this is the case, 

then average outstanding loss costs will be increasing 

at a rate faster than total average loss cost. For in- 

stance, the former may be increasing at 25% a year while 

the latter increases at only 10% a year. In contrast to 

this, the reserves strengthening may be a one time pheno- 

menon. This would show up as a large increase in the 

average outstanding loss costs for all accident years in 

one particular calendar year. The way to correct this 

is to adjust all case reserves to the same adequacy level. 

This is usually done by starting with the most recent 

average outstanding loss cost for each maturity and then 

trending back over time using an appropriate factor. When 

dealing with workmen's compensation insurance, the same 

procedure would be u~zlized except that law amendment 

benefit factors would be utilized in place of trend factors. 
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Exhibit V-A 
Sheet 2 

An example will help clarify these concepts. 

ExhibJ~ I shows the derivation of loss reserves utilizing 

actual incurred losses. In Exhlbit IV, the rate of 

change Of average outstandlng losses is determined. The 

change is in the area of 25% to 30%. Let us assume that 

external data show that costs are increasing only 10% a 

year. From this we can conclude that the company has 

adopted a policy of gradually increasing its reserve ade- 

quacy. In Sheet 3 of this exhibit a set of adjusted 

average outstandlng loss costs are derived. This was 

done by trending the latest average outstanding loss 

cost back in time at 10% a year. These adjusted out- 

standing losses were then utilized to derive adjusted 

incurred losses. The latter are shown in Exhibit V-B. 

Application of the link ratio technlque to the adjusted 

losses yields a reserve 19% lower (or incurred losses 

10% lower) than that obtained in Exhibit I using the 

unadjusted losses. 
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Exhibit V-A 
Sheet 3 

Derivation of Adjusted Average Outstandlng Losses 

Adjusted Outstandin~ Loss Cost as of Maturity* 

Year 1 2 3 4 5 

1974 2,883 3,043 3,223 3,409 0 
1975 3,171 3,347 3,545 3,750 
1976 3,488 3,682 3,900 
1977 3,837 4,050 
1978 4,221 

Year 

1974 
1975 
1976 
1977 
1978 

Adjusted Outstanding Losses as of Maturity** 

1 2 3 4 5 

144,150 121,720 96,690 51,135 0 
158,550 133,880 106,350 56,250 
174,400 147,280 117,000 
191,850 162,000 
211,050 

Using the latest calendar year's (i,e., Last diagonal 
average outstanding loss cost from Part C of 
Exhibit IV trended back by 10% per year by maturity 
within accident year. Thus, 4,221 ~ 1.10 - 3,837, 
3,837 ~ I.I0 - 3,488, etc. for maturlty I. For 
maturlty 2, 4,050 ÷ 1.10 = 3,682, etc. 

** Adjusted average outstanding loss cost multiplied b~' 
correspondlng outstanding claim count from Part B 
o[ Exhibit IV. 
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Exhibit V-B 

Derivation of Reserves 0sin@ Adjusted Incurred Losses 

Adjusted Losses Incurred as of Maturity 

Year 1 2 3 

1974 319,150 416,720 509,190 
1975 372,300 468,880 560,100 
1976 374,350 490,405 567,328 
1977 385,500 481,250 
1978 400,000 

Year 

1974 
1975 
1976 
1977 

Year 

4 

566,760 
598,125 

Adjusted Link Ratios 

1-2 2-3 3-4 4-5 

1.306 1.222 1.113 1.039 
1.259 1.195 1.068 
1.310 1.157 
1.248 

Adjusted Average Link Ratios 

1-2 2-3 3-4 4-5 

1.281 1.191 1.091 1.039 

Adjusted Completion Ratios 

l-Ult. 2-Ult. 3-Ult. 4-Ult. 

1.729 1.350 1.134 1.039 

Adjusted 
Losses Adjusted Ultimate 

Incurred Completion Incurred Losses Paid 
To Date Ratio Losses To Date 

5 

588,656 

Adjusted 
Indicated 
Reserve 

1974 588,656 1.000 588,656 588,656 0 
1975 598,125 1.039 621,452 541,875 79,577 
1976 567,328 1.134 643,350 450,328 193,022 " 
1977 481,250 1.350 649,688 319,250 330,438 
1978 400,000 1.729 691,600 188,950 502,650 

Total 3,194,746 1,105,687 
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Exhibit VI 

Derivation of Reserves Using 
Historical Paid Losses 

Year 

1974 
1975 
1976 
1977 
1978 

Year 

1974 
1975 

1976 

1977 

PART A. Losses Paid as of Maturity 

1 2 3 4 5 

I00,000 250,000 350,000 420,000 462,000 
150,000 330,000 429,000 493,350 
175,000 350,000 437,500 
200,000 390,000 
250,000 

Link Ratios 

1-2 2-3 3-4 4-5 

2 . 500 1 . 400 1 . 200 1 . i00 
2.200 1.300 1.150 

2.000 1.250 
1.950 

PART B. Average Link Ratios 

1-2 2-3 3-4 4-5 

2.163 1.317 1.175 I.I00 

Completion Ratios 

l-Ult. 2-Ult. 3-Ult. 4-UIc. 

3.682 1.702 1.293 i. I00 

PART C. Calculation of Ultimate Losses and Reserves 

Year 

1974 

1975 
1976 
1977 

1978 

TOTAL 

Losses Paid Completion Indicated Ultimate 
To Date Ratio Reserve Losses 

462,000 1.000 0 462,000 

493,350 i. I00 49,335 542,685 
437,500 1.293 128,188 565,688 
390,000 1.702 273,780 663,780 

250,000 3.682 670,500 920,500 

2,032,850 1,121,803 3,154,653 
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Exhibit VII-A 

Sheet 1 

Test FO[ Chan@e In Rate of Payment 

In this method, the ratio of the number of paid 

claims to ultimate claims is measured by maturity within 

accident year. An upward trend in the data indicates 

that claims are being disposed of more rapidly and vice- 

versa. The way to correct for this is to adjust the 

paid loss data so that the same proportion of claims are 

paid for all accident years at each maturity stage. The 

procedure to be followed can be illustrated by a single 

example using the hypothetical paid loss development data 

set forth in Exhibit VI. These data were analyzed using 

the normal paid link ratio pattern described earlier for 

incurred losses. Use of the average growth factors 

yielded a reserve level in Exhibit Vl of $1,121,803 and 

ultimate incurred losses Of $3,154,653. 

Sheet 4 of Exhibit VII-A displays the accident year/ 

maturity fractions of paid to incurred number of claims 

underlying the Exhibit VI data. Examination of this 

table illustrates that the insurer whose data are used 

is apparently paying claims at a more rapid rate than it 

has in the past. 

Using these results, we produce an adjusted set of 

paid loss data in Exhibit VII-B by interpolation. For 
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Exhibit VII-A 
Sheet 2 

example, the adjusted accident year 1974 paid losses as 

of maturity i are calculated as follows: 

.50 - .30 
200,000 = I00,000 + - -  x (250,000 - i00,000) 

.60 - .30 

where 

i00,000 = losses paid for accident year 1974 as 

of maturity 1 

250,000 - losses paid for accident year 1974 as 

of maturity 2 

.50 = adjusted ratio of number of paid to 

ultimate losses as of maturity 1 

.30 = ratio of number of paid to ultimate 

losses for accident year 1974 as of 

maturity 1 

.60 = ratio of number of paid to ultimate 

losses for accident year 1974 as of 
maturity 2 

Similarly, the adjusted losses paid as of maturity 

2 for accident year 1975 is calculated as follows: 

.75 - .65 
396,000 - 330,000 + x (429,000 - 330,000) 

.80 - .65 

These adjusted losses are analyzed in Exhibit VII-B 

in developing an alternative reserve level. It should 

be noted that link ratios derived using the adjusted 

losses are much more stable than those calculated using 

historical losses. This is to be expected since the ad- 

justed losses reflect the same rate of claim payment for 

all accident years. The reserve derived utilizing the 
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Exhibit VII-A 

Sheet 3 

adjusted data is only $521,559. This is a reduction of 

54% below the figure obtained before in Exhibit Vi. 

It should not be construed from this example that 

all changes in payment rate will produce such dramatic 

reserve changes. However, it should be obvious that 

significant distortions can arise when historical data 

are employed without adjustment. 

Hence, the general procedure that emerges when em- 

ploying paid data is: 

(I) Test to see if the rate of payment of claims 

has changed. If so, then 

(2) Derive an adjusted loss payment data set. 

(3) Use the adjusted figures to determine the re- 

serve requirements. 

A more exact way to determine claim settlement rates 

utilizes report year data. This technique involves 

measurement of the fraction Of claims available for pay- 

ment in a given time period that are actually paid. The 

number of claims available for payment is usually taken 

as the number of claims outstanding at the beginning of 

the period plus the number of claims reported during the 

period. Sheet 6 of Exhibit VII-A displays the calculation 

of disposal rates for the hypothetical company already 

used. As can be seen, this test confirms the fact that 
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Exhibit VII-A 
Sheet 4 

claims are currently being paid off faster than in the 

past. Therefore, this technique also implies that the 

historical paid losses should bc adjusted. 

- 5 7 7  - 



Exhibit VII-A 

Sheet 5 

Test For Changes In Rate of Claim Payment 

Assumed Ratio of Number of Paid To Number of 

Ultimate Total Losses AS of Maturity 

Year 1 2 

1974 .30 .60 

1975 .35 .65 

1976 .40 .70 

1977 .45 .75 

1978 .50 

3 4 5 

.75 .90 1.00 

.80 .95 

.85 
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Exhibit VII-A 
Sheet 6 

Calculation of Disposal Rate 

Number of Losses Paid as of Maturity 

Year 1 2 3 4 5 

1974 30 60 75 90 i00 
1975 35 65 80 95 

1976 40 70 85 
1977 45 75 

1978 50 

Year 

1974 

1975 
1976 
1977 

1978 

Year 

1974 

1975 

1976 
1977 
1978 

Year 

1974 

1975 

1976 
1977 

1978 

Number of Claims Outstanding as of Maturity 

1 2 3 4 5 

50 35 25 i0 0 
45 30 20 5 

40 25 15 
35 20 
3O 

Number of Claims Reported During Maturity 

0-i 1-2 2-3 3-4 4-5 

8O 15 5 0 O 

80 15 5 0 
80 15 5 
80 15 
80 

Disposal .Rate During Maturity 

0-i 1-2 2-3 3-4 

0. 375 0. 462 0. 375 0. 600 

0.438 0.500 0.429 0.750 
0 . 500 0 . 545 0 . 500 
0.563 0.600 

0.625 

4-5 

1.000 
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Exhibit VII-B 

Deriuation of Reserves Osin 9 Adjusted Paid Losses 

Year 

1974 
1975 

197£, 
1977 
1978 

Year 

1974 
1975 
1976 
1977 

Year 

Adjusted Losses Paid as of Maturity 

1 2 3 4 5 

200,000 350,000 396,667 441,000 462,000 
240,U00 396,000 450,450 493,350 

235,333 379,167 437,500 
221,667 390,000 
250,000 

Adjusted Link Ratios 

1-2 2-3 2-3 4-5 

i . 750 1 . 133 I . 112 I . 048 
1.650 1.138 1.095 
[.625 1.154 

| .683 

Adjusted Average Link Ratios 

1-2 2-3 3-4 4-5 

1.677 1.142 1.104 1.048 

Adjusted Completion Ratios 

l-Ult. 2-Ult. 3-Ult. 4-Ult. 

2.216 1.321 1.157 1.048 

Paid 
To 

Adjusted Adjusted 

Losses Completion Indicated 
Date Ratio Reserve 

Ultimate 
Losses 

1974 461,000 1.000 0 462,000 

1975 493,350 1.048 23,681 517,031 
1976 437,500 1.157 68,688 506,188 
1977 390,000 ].321 125,190 515,190 

1978 250,000 2.216 304,000 554r000 

TOTAL, 2,032,850 521,559 2,554,409 
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Exhibit VIII 

Territory 
Groupings 

(I) 

Policyholder 
or Premitun 

Concentration Changes In * Between Accident Years 

1977 1978 1979 (a) (b) 

(a) Rural 

(b) Suburban 

(c) Urban 

Note: In this example, territories have been placed in one of 

three broad groups: Rural, Suburban, and Urban. 

* Can either be average outstanding loss costs at comparable 
maturities, average settlement rates or other measures 
affecting loss growth patterns. 
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Exhibit IX 

Cause of 

Loss 

1. Liability 

2. Theft 

3. Fiie 

4. Other 

Percentage of Ultimate Losses For Accident Year 

Projected Selected Loss * 
1976 1977 1978 1979 Dev. Factor 

I0 15 20 25 1.60 

40 30 35 35 1.00 

40 35 35 30 1.00 

I0 20 i0 iO 1.O0 

Overall Development Factor: 

25%of 1.60 + 35% of 1.00 + 30% of 1.00 + 10% of 1.00 = 1.15 

* After consideration of the variables discussed in Part 2 

concerning claim settlement rates, reserving policy, policy- 

holder mix, etc. 
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Exhibit X 

Sheet i 

The cash flow discount model shown for the exper- 

fence of a company in Sheet 3 of Exhibit X produces an 

investment income offset to the gross premium to reflect 

reserves for losses and unearned premiums. 

Column (b) of Sheet 3 sets forth expected percen- 

tages of ultimate losses paid during each of the calendar 

year periods beginning wlth day I Of the policy year 

studied. Thus, 3% of the ultimate losses are paid within 

12 monti]s after the start of the year, 7% from month ]3- 

24, etc. 

Column (c) estimates the amount of time from the 

start of the policy year the money was available for 

investment. Columns (d) and (e) represent the discounted 

payments at 9% and 10% rates of return, respectively. 

Losses and loss expenses (Line (14)) comprise 86% 

of the total premium dollar for the client and thus, 

taxes and general expenses production and profit are 

considered separately in Lines (16) and (17). 

Premzums are normally received between 60 and 90 days 

after inception of a policy. We have assumed 2/lOths 

of a year as the average. Regular commissions (zero, 

in our case) are deducted from premiums remitted by 

agents. Hence, the insurer never holds this money. 
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Exhibit X 
Sheet 2 

Taxes are paid following the end of the year and we 

have assumed March Ist of the following year as the 

date of payment. 

In accordance with this schedule, all loss and 

expense payments and underwriting profit are discounted 

for interest back to the mid-point of the policy year 

to give us the Present Value of Outgo. Subtracting this 

from the correspondingly discounted value of premiums 

less commissions gives the Present Value of Income Less 

Present Value of Outgo. 
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Exhibit X 
Sheet 3 

Calculation of Potential Income Through Present 
Values a~ Of the Mid~*oint of a Policy Year 

(July l) of All Income and Outgo 
@9% and !0% Interest 

(a) (b) (c) (d) (e) 

Years From Ycarly Years of 
Start of P~rcent of Interest Discount Payments 

Line Policy Year bosses Paid Discount @9% @10% 

(1) 1 3~ .2 2.95 2.94 
(2) 2 7 1.0 6.42 6.36 
(3) 3 14 2.0 11.78 11.57 
(4) 4 20 2.9 15.58 15.17 
(5) 5 ib 3.9 [1.43 11.03 
[~) 6 ii 4.9 7.21 6.90 
(7) 7 8 5.9 4.8L 4.56 

(8) 8 7 6.9 3.86 3.63 
(9) 9 5 7.9 2.53 2.35 
(I0) I0 3 8.9 1.39 1.28 
(i]) ii 3 9.9 1.28 1.17 
(12) 12 3 10.9 1.17 1.06 
(13) Total 70.41 68.02 

(14) Expected loss and loss expense ratio 

(15) Present value of payments (13) x (14) 

(16) Taxes, as percent of Premium 

2.0 

(17) General expenses, other 

production and profit 

12.0 

(18) Total present value of outgo 
(15) + [16) + (17) 

(19) Premiums less commissions 

I00.0 .2 

(20) Present value of income less present 

value of outgo (19) - (18) 

(21) Line 20 as a percentage of losses 
(20) ~. (14) 

NOTE : 

.860 .860 

60.55 58.50 

.667 1.89 1.88 

0 12.0 12.0 

74.44 72.38 

(d) = (b)x ( 1 l(c) 

\l J 

98.29 98.11 

23.85 25.73 

27.7% 29.9% 

// (e) = (b) x (, 1 ~(e)-- 
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Part 4: Sample Explanation of Ratemakinq Procedures 

Insurance rates In general consist of two parts: 

I) Expected Losses 

2) Expenses 

Unfortunately, although losses normally make up 

approximately 70% of the total premium dollar, they are 

not fully known by the time rates are set. 

Rather, actuaries have to go through a projection 

process to estimate what the losses will be for a parti- 

cular year of coverage. Such losses are an approxi- 

mation of results from past years. IIence, actual losses 

from these past years are adjusted for the following 

items. 

I) Develo~ment Factors 

Th~se are historically~derlved ratios which adjust 

losses arising fro*:l claims reported to date to reflect 

losses from claims not yet reported and changes In the 

valuation of known claims. Insurance company claims 

personnel initially estimate the ultimate value of 

claims based on data which are not yet complete. The 

difference between these estimates and the first value 

of claims is referred in the insurance industry as 

"development on known claims". 
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Thus, loss development factors adjust historical 

losses for a particular year of coverage to reflect 

losses not yet reported and changes in the valuation 

of known claims. 

2) Trend Factors 

Trend factors are used to project ultimate losses 

to claim severity and frequency levels expected to pre- 

vail to the future. There are two types of insurance 

inflatlon: 

a) claim frequency = the probability of having a 

claim 

b) claim severity = the cost of the claim once it 

occurs 

Each component varies and is projected separately 

to reflect these future conditions. 

3) Expenses 

After losses are adjusted using development and 

trend factors, expenses of an insurer's operation are 

added in to arrive at a gross premium value. 
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ACCTUARIAL ISSUES TO BE ADDRESSED 
IN PRICING INSURANCE COVERAGES 

By E. James Sterglou 

REVIEWED BY Sheldon Rosenberg and Aaron Halpert 

As most actuaries that have had an opportunity to prepare a rate 

filing will tell you, the ratemaker will generally have to convince 

three principals that the rate he is generating is a reasonable one. 

First, he must convince himself. This first step alone is, in many 

cases, a difficult and laborious task due to the many technical 

uncertainties with which an actuary must deal. However, only when 

this task is accomplished can one proceed to the next level of 

review. 

Second, company management must be in agreement with the conclu- 

sions offered by the actuary. The questions posed by management 

will generally deal less with technical specifics of how the rate 

indications were developed and more often with whether due consider- 

ation has been given to past or proposed changes in all aspects of 

company policy as it affects the claims department, marketing 

department, underwriting department or others. 

Finally, having gained the blessing of his management, the actuary 

must also receive approval for the filing from the respective 

regulatory agency. The regulator has the responsibility of seeing 

that rates promulgated by him are adequate and neither excessive nor 

unfairly discriminatory. At this point the actuary must be able to 

defend any judgement made within the rate filing; be it expense 

provisions, classification criteria, etc. 
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It is in dealing with this third level of review, that Mr. Stergiou 

provides us with much helpful advice in how to prepare a better rate 

filing. 

He discusses and provides several examples of variables that he 

feels currently receive summary treatment at best and are more often 

perhaps totally ignored in the preparation of a rate filing. Yet, 

several of these factors may, in his opinion, have a direct and 

significant impact on the bottom line results. 

The thrust of the author's points are that consideration of these 

variables will lead to better understanding on the part of regulators 

and the insureds they represent, and thus facilitate receiving 

approvals of needed rate revisions. One must wonder however to what 

extent action taken by regulators are based on considerations that 

are well beyond the scope of the technical arguments being presented. 

We feel that Stergiou'a paper would have been more effectively 

presented, had he keyed his remarks toward that important first 

level of review. Certainly the elements of rate making referenced in 

this paper relate to the technical soundness of a rate review; 

they should therefore be geared toward the rate maker, to be used as 

a tool to convince himself that the answer he gets is a realistic 

and non-biased one. 

Another issue to be raised in light of the additional exhibits the 

author wishes to see incorporated in rate reviews is that an 

actuary may never have the time nor the need to lock at all the 
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pieces  o f  in format ion  t h a t  may impact a g iven  r a t e  i n d i c a t i o n .  The 

key j u n c t u r e  t he re fo re  becomes the po in t  at which the data base is  

defined and repor t  s p e c i f i c a t i o n s  are  prepared. The ac tua ry  must 

always leave himself the option of looking at data in a specific 

format, but may actually exercise that option only if and when it 

becomes necessary to do so. This issue will have part icular meaning 

in the area of loss development as will be discussed later. 

Another comment pertaining to the entire paper, is that the author's 

purpose would have been better served had he used examples incorpora- 

ting actual data rather than hypothetical data. The latter, although 

designed to  make a po in t ,  may  not be t r u e  rep reaen ta t  i o n s  o f  tbe 

"real world." An example based on actual annual statement data 

would have been particularly effective in illustrating the authors 

contention that applying the traditional loss development approach 

to data in Part 2 of Schedule P of a company's st at ament will lead 

to projections of ultimate losses that are "far different than those 

predicted in the company's balance sheet." 

Comments of a specific nature will now be addressed to several of 

the issues mentioned in Mr. Stergiou's paper. 

Loss Development Factors 

The method of developing losses by analyzing historical age-to-age 

valuations of incurred (or paid) losses is evaluated by Stergiou, 

He points out several instances where this approach may lead to a 
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biased forecast of ultimate losses. But does it? Let's examine two 

of his examples carefully. His first example deals with the case 

of a company that has changed its reserving adequacy gradually over 

time. To show how s bias may result, he first employs the tradi- 

tional loss development approach in Exhibit I to project the needed 

reserves for the years listed. He then adjusts the outstanding 

ioBses by assuming the latest diagonal to he indicative of the 

company's present reserving practice. These most recent reserves 

are "detrended" at 10% annually in order to estimate what loss 

reserves in prior years would have been had the company used its 

current reserve practices. After adjusting the outstanding losses 

he adds back the paid losses and recalculates the needed reserves on 

Exhibit V-B. These ultimate incurred losses based on the adjusted 

outstanding losses are 8% lower than the ultimate incurred losses on 

Exhibit I. 

We do not agree though that t h i s  comparison between Exh ib i t s  I and 

V-B i s  p r o p e r .  I f  one examinee  the  l i n k  r a t i o s  on S t e r g i o u ' s  

E x h i b i t  I ,  i t  becomes e v i d e n t  t h a t  t h e  chosen r a t i o s  shou ld  not be 

t h e  a v e r a g e  o f  the  l i n k  r a t i o s  in each column, One chooses  the  

average only when several elements are believed to be sample esti- 

mates of the same underlying value. In this example, there is 

clearly a downward trend in the link ratios over time. This by 

itself is fairly conclusive evidence that the company is becoming 

more accurate in setting its initial reserves. Thus rather than 

using an average of historical age-to-age loss development factors, 

an actuary faced with the figures on Exhibit I might use the link 
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ratios based on the latest available information (the last link 

ratio in each column). Perhaps he would even project a trend in 

these ratios and use a ratio lower than that of the latest years. 

Uad the last link ratio in each column of Exhibit I been used 

instead to project ultimate losses, the projected losses would have 

been 3,330,920. This number serves as a more reasonable comparison 

to Stergiou's result on Exhibit V-B. 

The point is, a bias exists only if the traditional loss development 

procedure is used blindly without examining the numbers for trends. 

If a trend of the type in Exhibit I exists, then it can be incorpor- 

ated into the procedure in conjunction with information derived from 

the more detailed exhibits presented by Stergiou. 

The same comment applies to the second example presented in Exhibit 

VI of Mr. Stergiou'a paper. In that exhibit, loss development 

factors are based on historical movements in paid losses. After 

analyzing disposal patterns on Exhibit VI-A, and realizing that the 

company is currently closing claims at a faster rate than during the 

earlier experience period, the author adjusts the historical paid 

losses in Exhibit VII-B so that the underlying pay-out pattern for 

all years is the same. 

Once again, the downward trend in the link ratios on Exhibit V1 

would have yielded similar information. The average should not (and 

in most rate reviews would not) be chosen as the representative link 

ratio. Again, the main point is that prominent changes in the 

company's handling of claims or reserves are usually evident from 
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t h e  t r a d i t i o n a l  l o s s  deve lopment  d i a g o n a l s  t h e m s e l v e s .  In  t h e s e  

c a s e s  a d d i t i o n a l  i n f o r m a t i o n  may be r e q u i r e d  t o  a id  in t h e  s e l e c t i o n  

o f  r e p r e s e n t a t i v e  l i n k  r a t i o s .  In t h e  examples  c i t e d ,  an a c t u a r y  

c h o o s i n g  the  a v e r a g e  l i n k  r a t i o s  would no t  j u s t - r i s k  l o s i n g  c r e d i -  

b i l i t y  w i t h  r e g u l a t o r s  but  would more i m p o r t a n t l y  d e r i v e  a wrong 

answer .  

Regarding the examples themselves, we feel chat the reader is left 

somewhat confused in proceeding from the example based on incurred 

losses (Exhibit I) to the example based on paid losses (Exhibit VI). 

Unless told otherwise, one believes they are both based on the s~e 

experience. The author would best serve the reader by stating 

clearly that they are not. 

It should be mentioned that Stergiou's method for adjusting the 

outstanding losses derives no information from reserves prior to the 

latest diagonal. ~dlile the evidence of a 30% trend in average 

outstanding losses (when overall inflation is assumed to be 10%) may 

signal s change in reserve adequacy, some information may still be 

derived from prior diagonals. One way to do this would be to 

multiply each of the earlier average outstanding losses by (1.3/I.I) n 

where n is the number of years between the evaluation of the reserve 

and the latest evaluation date. In this way outstanding losses 

would be on the same "adequacy level" and yet yield independent 

pieces of information. The analogue of this is when one uses several 

policy years of data in reviewing liability rates. Because each 

year is at a different cost level, a trend factor is applied to each 
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year's data. However, the earlier years are not set to be equal to 

the latest year divided by the trend factor. Instead all the years 

are used to derive a trend factor and after the trend is applied, 

each year's information is used in setting the rates. 

The adjustment made on Exhibit VII-A to reflect the change in the 

company's settlement rate raises an interesting question. ]%he 

author mentions that "although use of report year data .... is prefer- 

able, many insurers do not have such data readily available. 

However, the Exhibit VII-A (Sheets 1-5) calculation is usually 

available and can be used for our purpose." The key question is, 

without any information regarding reported claims, how can the 

ratios on Exhibit VII-A, Sheet 5 be hypothesized. Specifically, how 

does one assume that 50% of all claims to ultimately be reported for 

Accident Year 1978 are paid as of the first maturity. It would seem 

therefore that an adjustment based on disposal ratios (which are 

perhaps difficult to retrieve within a company's data base, but are 

actual numbers rather than assumed rat los) would be preferable. 

One m u s t  a l s o  be  c a r e f u l  i n  d e f i n i n g  c a s e s  w h e r e  i t  w o u l d  b e  p r o p e r  

t o  a p p l y  t h e  a u t h o r ' s  a d j u s t m e n t  t o  p a i d  l o s s e s .  F o r  e x a m p l e  h a d  

the numbers in his Exhibit VII-A, Sheet 5 been changed only slightly, 

the resulting adjustment would lead to questionable results. The 

author claims that the adjustment leads to more stable link ratios. 

If the numbers in column 2 of Exhibit VII-A, Sheet 5 were changed to 

read as follows: 
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Year  l 2 

1974 .30 .40 

1975 . 3 5  . 4 5  

L976 . 4 0  . 5 0  

1977 .45 .55 

1978 .50 

3 4 

.75 .9O 

.80  .95  

.85  

1.00 

then the general arguments in favor of making the author's adjustment 

would still hold (i.e. disposal ratios are still increasing over 

time). However, the derived first to second link ratios after the 

adjustment would be 

I-2 

1974 .732 

1975 .853 

1976 1.036 

1977 1.322 

As can be seen, the author's adjustment does not lead to stable 

results in this case. 

Trend Factors 

Stergiou provides an interesting example of how calendar year paid 

claim cost trend factors may be distorted when the average settlement 

date is changing over time. While the assumption in his example 

that average paid claim cost increases with each maturity level 

within an accident year is cert sin lya familiar assumption, the idea 

that significantly different trends exist at each maturity is some ~ 

what surprising. It is important to note though that the distortion in 
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t rend can occur even when the under ly ing s e v e r i t y  t rend is the s ~ e  

at each matu r i t y  l e ve l .  This w i l l  happen when there is a sudden 

increase in claim f requency.  To see t h i s ,  consider the simple case 

where 50Z o f  u l t imate  claims are closed in the year they are i n -  

cur red,  50% in the following year. The underlying severity trend is 

10% for both types of claims. Also assume that I00 claims are 

incurred each year except the latest year when 200 claims are 

incurred. The loss data may look as follows: 

Average Claim Cost 
For Claims Paid 

Accident Ncunber of Claims 
Year Incurred During Year In Following Year 

1970 I00 I000 2000 

1971 I00 II00 2200 

1972 I00 1210 2420 

1973 I00 1331 2662 

1974 I00 1464 2928 

1975 I00 1611 3222 

1976 I00 1772 3544 

1977 I00 1949 3898 

1978 200 2144 4288 
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The corresponding calendar year paid claim cost data would then be 

as follows: 

Calendar Year Average Paid Claim Cost 

1971 1550.00 

1972 1705.00 

1973 1875.50 

1974 2063.00 

1975 2269.50 

1976 2497.00 

1977 2746.50 

1978 2728.67 

Notice that the paid claim cost entry for the latest calendar year 

is distorted due to the fact that it contains an artificially large 

number of smaller claims (closed within the accident year). Thus, we 

see there are other good and sufflclent reasons to exercise care 

when using paid claim cost data for trend, particularly in lines 

with a long payout pattern. 

Expenses 

Two models for calculating rate changes are presented by the author 

as alternatives to the loss ratio procedure currently used. The 

current procedure is: 

Indicated Rate Change = Rate Level (Indicated) Loss Ratio 
Expected Loss Ratio 

° 1 
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The a l t e r n a t i v e  m o d e l s  p r e s e n t e d  a r e :  

a )  I n d i c a t e d  Race  Change  = 

R a t e  l e v e l  L o s s  R a t i o  + F i x e d  E x p e n s e  R a t i o  
- 1 

I - Variable Expense Ratio 

b) Indicated Rate Change = 

Rate Level Loss Ratio + Fixed Expense Ratio 
- I 

I - Variable Expense Ratio x Inflation Factor 

It is difficult to interpret the inflation factor included in model 

(b) above. Is this a relative trend factor to measure how fast 

fixed expenses are growing relative to premium? Are variable 

expenses loaded on this part of the premium? 

Also, it should be noted that using model (a) above (as the author 

does in Exhibit Ill-A) implicitly makes the drastic assumption that 

fixed expense dollars will remain the same as during the experience 

period. 

Perhaps a more appropriate model would be: 

c) Indicated Rate Change = 

Rate Level Loss Ratio + (Fixed Expense Ratio)t 
- I 

I - Variable Expense Ratio 

Where t is the rate et which fixed expense dollars will be increasing 

for the period for which rates are being set. 

This formula can be derived as follows. Suppose L' is the rate 

level loss ratio (i.e. L' = l'/P where I' is the projected loss 
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dollars, and P represents premium at present rates). Furthermore 

suppose f is the fixed expense dollars needed during the experience 

period, and f' is the fixed expense dollar that will be needed 

during the upcoming period (i.e. f' " t f). Also define F' - f'/P, F 

" f/P, and let V be the variable expense ratio. If r - I is the 

indicated rate level changer then: 

( l - V ) r P  = PL' + P F '  

" P L '  + P F t  

r = L' + Ft 
i - V" 

Again, model (a) above implicitly assumes t-l. The indicated rate 

change derived by the author in Exhibit III-A using the simple loss 

rat io method is +16.7%. This implicitly assumes that fixed expenses 

will also increase at 16.7% annually. His second calculation based 

on model (a) indicated a +15.0% change. Had he used model (c) with 

the assumption that fixed expense dollars are increasing at 10% a 

year the result would have been: 

.700 + .065 (I.I0) -i i .160 
1 - .335 

It is important to note that fixed expenses will be decreasing as a 

percentage of premium (i.e. after the rate change fixed expenses 

will constitute .065(1.1)/1.16 - .062 of premium) but the loading in 

the equation should be .065(1.1) rather than just .065. 
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Investment Income 

While the author explicitly mentions in the text of his paper that 

he is not discussing the propriety of reflecting investment income 

in the ratemaking process, the reader may be easily misled by the 

words used in Exhibit X, Sheet I. It states "the cash flow discount 

model .... produces an investment income offset to the gross premium 

to reflect reserves for losses and unearned premium". The numbers 

derived on line (20) of Exhibit X, Sheet 3, are only one source of 

input into the general equat ion to calculate the company's total 

return. The appropriateness of this return for the risk being 

assumed by the insurer, must be weighed in choosing the correspond- 

ing underwriting profit £o be used in calculating rates. 

The numbers calculated on line (20) of Exhibit X also seem unneces- 

sarily high until various assumptions are recogoized. An expected 

lass ratio of .86 is used and no commissions are contemplated. The 

results in line (20) are extremely sensitive to these assumptions. 

For example suppose commissions are 20% of premium and therefore the 

expected loss ratio is .66. Line (20) then becomes: 

@ 9% @ lOZ 
(20) Present value of income less 18.27% 19.72% 

present value of outgo 
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FINAL COMMENTS 

Mr. Stergiou's paper has made an important contribution in reinforc- 

ing our need to always test the assumptions incorporated in a 

filing. He has gone even further by sharing with us specific tests 

he uses to verify the accuracy and reasonableness of loss develop- 

ment factors. We do not believe his intent is to give us a method 

to use, by rote, to replace the methods we currently use. Rather, 

his goal is to get us to constantly reappraise our assumptions. 

This goal is as important as any in the ratemaking process and is 

well worth the author's efforts. 
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To set the stage for the cu~t intsrest by the r~ula~oz%, 

autharities in the pricing of and the benefit crmtent of Medi Gap 

policies sue analysis of the edwnt of Medi~re and its subsequent 

~:: ~ ~ ~-~.,~,. ~.c~= be h_ipfua.. 

~e seeds for ~ health care to the aged ~e plantsd 

in 1.935 in ~ of ~e ini~m] versicms of the .~i~I Security Act. 

[3~c~r the study provisions of the Act, the Social Security Board 

was empo~az~l to oanduct resesrc~ and im~stigations relative to 

naei~1 health insurance. During the inter~ning years, 1935 to 

1965 (passage of M~,~e), a series of h~11. ~l~ng with naticmal 

health insurance were pr~=~b~C~ to the Congress: 1939, the Wagner 

n~11; 1943, the Wagner, Murray, D/ngell n~11; 1946, the Taft BiLl. 

In the 1951 to 1964 era, most of the hills ~nlt with ~al insur- 

ance ~asls far persons aged 65 and c~r. In 1960 the Kerr-M~ I l 

~ct w~s p ~  establish/rig a ~ of .~I assistance far the 

aged. Beginning in 1960 efforts to enact a social insurance program 

of hospital benefits were stepped up with a series of at~tsmpts to 

emact a sound insurance progzo~ of hospital benefits known as the 

King-Anderson R411 q. Sufficient ,,..,-~,:13xn ~ gained so that in 1964 

the Senata passed an ~ t  pzovidlng hospital insurance b~r~_fits 

far the aged 65 and over. ~he S~use, however, wou/d not agree an a 

~u~b~.ise positi~ and the legislation died in confer~ce. In 1965, 

in additian to a King-An~_~, Bill, other ~sals were presented 

such as the Byrnes n~ ~ ~ (nF.~,~.~ a f t e r  its author ~sentative 

~zrnes), the Eldinare Bill (span~ by the American Medical Associa- 

tion and intr~.~ by ~ _ i v e  Herkmg and Curtis). Early in 
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1965, ~er the 1~-,~,~ship of c~i~.~ Mi11~ of the Pmuse Ways & 

Means ca-arise, the Ways & ~ c~-.~ttee put tugether the Medl- 

care i~L~ which was to becr~s effective an July i, 1967. 

'~1~ ~"w~,~l ~:~.SL.i~.S ~iZ:~%;i~'~'C a]DC;ii~C ~ t|-~ C08"C to  t.h~ a~.~11~:i to  

provide for m~1 care ~s a major factnr influencing the passage 

of Medicare. ~e agsd ~re caught in the hind of fixed i~rnm~ and 

rising cost with .~i~1 care costs cxmstantly cm~s~ing ~ of 

~ir availAh1~ incu:e. An esmminaticn of the Medicare b~fits is 

in order ~ assess its impact cm the cuvered indiv~1 as well as 

its ~mp~ct upon the health.care system and the group benefit package 

frr the under 65° 

2he Medicare program fur the 65 and our pruvi~ a most crmpre- 

1.,~-ive package of benefits. On the hn~?ita! side inpatient ~ and 

board for a semiprivate ac~uauLJ/ati~n (arld where m~i~.lly r,~ce~sary 

~rivate r~ and all sp~.l services (g~neral m=s/n~, drugs, oper- 

ating r~n, a~nosti= services etu) were paid in full for the first 

60 days after pay~s~t of a deduc~h1~. From the 61st to the 90th day 

the same benefit pr~i,~s prevailed but with a daily cupayment equal 

25% of the initial ~hlA. In addition, there was coverage for 

care Bzx:,v~,~,~ in a ski11,=,-~ nursing e~,..~lltt~, ( ~ )  plus bcm~ health 

services. FuLl. uutpatient dia~rmst/= benefits ~re also prov~a~ to 

miDi~ use of inpatient usage f~r su=~ services. Skilled nursing 

~ity benefits ~re covered in full for the first 20 days, the 

next 80 days of benefits had a daily ccpaymm~t equal to I/Sth of the 

initial inpatient deductible. All of these benefits were pruvided 

under the hospital insurance portion of Medicare and uu~ly refe~d 
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t~ ~ P~c A. 

P b y ~  benefits, in ~k~itio~ to hone health ~ ,  were 

V~a~,~re 9m~rally ref~d to as Part B. ~be ~4I portion had an 

a~1 deductible (as contrasted to a spell of illness ~,~+~hlo 

t~der Part A) with the patient and ~41 sharing c~ a 20%-80% (20% 

patient payment - 80% ~,l I )  ~-~-. Physicians were to be reimbursed 

on a rpa~h!~ ch~ I"u=,~4~. 

with the passage of Medi~re the people 65 and o~r had a~ail- 

~hl~ to  them ~.,,~bu.~:~.gj.~ ~n.,1~,I~ m which ~1.~!%:w.t to  and ~ 

~u~al of the ~ ~! cunstraints due to iru~quato or no insur- 

ance and a backlog of ~ I  need, the n~d/~mre popalation ~.~ 

full use of the ~o9~ Its impact ~ the medical ~ s~/~5~ 

for the entire populae~ ~ has been well documented by health ~n- 

mist and is reflected in: 

Table 1. Portion of Health Care Costs Paid By Individuals 

versus ~ Party PaNts 

'rah.l.e 2. Hea..th Ca.r~ Expendi tures  AS % Of Gross Nat inna l  

p.r,~.,~ v- t .  

3. Rat io  o f  Pe r sona l  Expm'~di.tores ~ Medical Care TO 

Persona l  Inocme 

~ b l e  4. Anr~aa.l (~an~es  In  Cw,.~.~er P r i c e  L ~ e x  anc~ Zn 

Medical Components of the Lndex 
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fol~ng ~-ah1~ present those ~ar~ahl,~ fr~n 1966 to 1977: 

Table l.--Purtiun of Health Care Costs Paid By 
Indiv~lq versus ~ Party Payors 

65 65 AND GV~ 

Fiscal Years Out of ~ Out of Third 
June 30 Total Pockat Pard Tufa1 Pocket Party 

1966 100% 51% 49% 100% 53% 47% 
1967 100% 48% 52% 100% 37% 63% 
1970 100% 43% 57% 100% 33% 67% 
1973 100% 38% 62% 100% 33% 67% 
1.976 100% 35% 65% 100% 27% 73% 
1977 (Sept} 100% 32% 68% 100% 27% 73% 

~h1~ 2.--Health Care Expenditures As 
% of Gross National Pr~xk, ct 

'~hl ~ 3.--Ratio of Personal Expen- 
ditures Foz Medical Care To 
DisF'~,.-hl- Personal ~,~,-~ 

Fiscal Years c~I Pndar 
Year 

1966 5.8% ]_966 6.2% 
1967 6.2% 1967 6.3% 
1978 7.2% 1970 7.1% 
1973 7.7% 1973 7.4% 
1976 8.7% 1976 8.6% 
1977 (Sept) 8.8% 1977 9.1% 

cm I ~wt~n- 
Year 

Table 4.--Annual Changes In Ccmsum~: Price T~,~ 
and In Y e ~  C~T~nts of the Index 

All ALl ~ Physiclan ~spital Prescripti~s 
I~s Care zt~s Fees ~vam & 

1966 2.9% 4.4% 5.8% 100% i. 3% 
1967 2.9% 7.1% 7.1% 19.8% - 0.5% 
]_970 5.9% 6 • 3% 7 • 5% 12.9% 2.3% 
1973 6.2% 3.9% 3.3% 4.7% 0.3% 
1976 5.8% 9 • 5% 13.. 3% 13 • 8% 6.1% 
1977 6.5% 9.6% 9.3% Ii. 5% 6.4% 

- 606 - 



~bs results speak for thyselves as to the r~ rise in medical 

cmre c~ts. Cu--~,~ing the I/mitsd and relati~-ly fixed incu~ for 

the 65 and over population one can see hoe the so ~I pressures to 

provid~ r ~ l i ~ f  i n  t ~  ~ o f  Tlle ' '~'~"~1 c a r e  a r o s e  i n  t h e  early 60's 

and have been a~u~ated in the latter half of the 70's. 

A history of the muvmmm~t of the msdicar~ deductibles and ths 

cost to purchase Part B (~Ical) bemefits will also shuw huw the 

increase in these elements haw further impacted the standard of 

~v~ of ~ ~. 

~ICARE I~AXlu,M,~, CC~AYS & COI~URANCE AND PR~24I~4 

PARTA 

Benefit Daily CoPay 
Period 6lat to 90th 21st to 100th 

Dea~-ible ~ital ~ys ~F 

7/66 $40 $i0 $5.00 
1/69 $44 $LI $5.50 
1,,'70 $52 $13 $6.50 
i171 $60 $15 $7.50 
1/72 $68 $17 $8.50 
1/73 $72 $18 $9.00 
1/74 $84 $21 $I0.50 
1/75 $92 $23 $11.00 
1/76 $104 $26 $13.00 
1/77 $124 $31 $15.50 
1/78 $144 $36 $18.00 
1/79 $160 $40 $20.00 

It should be noted that in 

PAR~B 

Annual Coin- 
Pr~ium D~tibls surance 

7/66 $3.00 $50 20% 
4/68 $4.00 
7/70 $5.30 
7/71 $5.60 
7/73 $5.80 $60 20% 
7/74 $6.30 

7/76 $7.20 
7/77 $7.70 
7/78 $8.20 
7"/79 $8.70 

L972 the M ~ e  benafits rare 

ext~ded tz~ the a.i~hl~wl under social Security ai1d those receiving 

treaU~,t fur chnmic k/dney disease. As was m~tic~ed earlier in 

this treatise, t'l~-l,w~-~hl~ ~ introd1.Kz~d to keep dJDwn th8 cat of 

the ~ =  to the guv~,~,h. ~he initial hospital deductible ~s 
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set equal ~ ~ daily ~ of ~ in a ~-~U,'J.vate rum. ~ Pan: 

B n~,.1~w-~ih1~ ~ set at $50 per ~l~ndar year with 20% paid by the 

rsc/pient ffnr the r~-~4ning ~alance with the first period being ~mly 

6 ~rmths to ,.~-~.~e the cost of the pro,/L~ ~ the 9m~rnmsnt. 

To ~t the ~-~- of tbe 65 a~:l oar pupulati,:m as ~o insuring 

tbe unum,ered ~.iuns of the ~'edicare program, policies were de- 

signed which ~ ~ d~//cate in ~j,.mct:icm with Msllcare 

mmsi~ ~.~,~.~ offered ~, t~ industry. 

~e ~jcr -1--~ntts of cost to be ~t ~e~re: 

i. ~he in/tial /npatlent ~,~.ihle fur each spell of illness. 

2. The copay days franthe 61st ~ the 90thday. 

3. Full cm~raqe frun tbe 91st day on. 

4. ~ ~ a y  days i~ a s/chUrl nursing f ~ } i t y  L~ the 21st 

to the 100tb day. 

5. ~e ~ (~tly $60) and uoinsurance (20%) fcr 

services pzov~,~ ~ p b y ~ i , ~  and ~ wb.%~ were 

routinely provided under a typical health insuzan~ pollcy. 

6. Pres=iptiun Urns ~ pz~ ~ ~, ~ ~!tal. 

Mcgee than a A~-~e has past since the ~-~, ,~ began and al~ng 

with it the av~l=hi1~ty of data ~rtic~lar t~ the insured ~ ' e  

population. Data pertaining ~ ths t~..,~A.L,-,~f~..ary Part A ~,wh~tible 

and cupays is relatively clean as the benefits are for a spell of 

illness ur benefit period. On tbe other hand the Part B presents 

by Social Se,~rity and the di f f icul ty  i f  not the iz~ahility bD main- 

rain a ~ . ~ i a t s  service ommts and distribu~-ion of losses by size 
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that l~m~ts the ability t~ measure the impact of inflation upc~ the 

deductible and the tr~catiun of service counts under the a~,~ihl~. 

An additional r~i fl ~tiun relati~ to inflation is the coverage 

provided under Part B fur certa/n services prov4~ in the outpatient 

area of a hospital ~I,~I~ to those prov~ an an inpatient basis. 

For analy'l:ical purposes I 've  taken t..be pure .~,.,~.,lum ,-~,1,'-,.daticm 

underlying the rate calcu/ati~n for policies issued April i thru 

June 30, 1979, for a duratiun of 12 months. 

~he largest -1~t, in ~-~ of oost, is the inpatient hospital 

~*-tibls. ~e es~m~ticn of the utilizatic~ for this benefit is 

relatively simple. A r~_ssi~ analysis is perfn~m~ using 13 data 

points. ~hese points represent 12 ~,mths of incurred or ~c~apnt 

year data for m ~ i ~  quarters. ~ actual results and extrapo- 

laticms ocns~ved and used are ca%rained in Exhibit i. 

~he estimati~ of the ~w~hle ararat, unfortunately, is not 

quite as ~ since it is based upc~ nationwide data for a period 

of rims which is incomplete as far as de~_lopment. In the case of 

this example the 1980 ,~,-~w.tible will be developed frum 1978 data 

and as shown in Exhibit 2 (the ~ates w~r~ calculated during the last 

quarter of 1979). 

met:bed emplc,~,d to e.st.l.ma'l:~ the a,,:,,,..1,~,-.~,-~h}, .is dependent 

two sources o f  data. ~ f.....rst i s  the ca_1~.:t_icm, o f  the hospital 

~ . . . b . l . e  for  "i.be per.i.(xl pr ior  'b::~ the year "bo be estimated (.i.n t.b..i.s 

case 1979) as published in the Federal Register (see Appendix A) and 

~r~s is~ ~ ~ ~ ~eria~ f~ hospi~ 

insurance for various time pericda which ~x..l to those used to 
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calculate the ~ital deductible (Appendix B). It should be r~d 

that the ~-w~tible value serves as a haq!s to establish the daily 

copay payments (by the insured or insurer) for the 61st to the 90th 

day and in a sk~11~ nursing f~llty £Lu~ the 21st to ths 100th day. 

~he use of such exteznal indlces as ths hospital services c~n- 

r~ct the mixof services used by the 65 and o~_r pc~ulaticn. 

If one compared the change in the inpatient hospital ,~w~_ible 

with the chang~ in the hospital charge indices c ~  in the CPI, 

they would find no cunsist~cy ev~ when the ~I change is adjusted 

to r~,w~t its impact cm~ year hence an the Part A ~-~t/ble. 

~he pure ~ium calculation fur the in hospital copay for the 

6 ~ .  i=o the 90th day m~l sk.tl led nu~iDg oc~:~ay fc~ ~d'~e 2..~c t~ the 

100th day present no unusual cc~aticn except for ths calculaticm 

of the cupay value. ~ meehud of de~uing the li~h~1~ty, as 

previously u~nt_iuned, follows that of the inpatient ~h1~. Ccn- 

=~a~-atic~ ~st be given t~ any variance bet~e~en results of insured 

p~r.,~ and those of the total medicare populatiu~ ard the avail- 

,h~ l lty of insti~_iu~s which ~.de ~_~tain levels of care. ~edi- 

s+~ (Appendix C) indiua~ days of care in a short: hospital 

stay decreasing as well as a decrease in ire r~er of s~1~ nurs- 

ing facilities. ~ fa~-Lu~.: were cxm',~'~'~:1 in the c.hn~ of antici- 

patsd ~-~ ~ ~ ~ticm levels fur in hospital ccpay days frun the 61st to 

the 9Oth day and skilled nursing copay days from the 21st to the 100th 

(Exhibits 3 & 4 respecti~_ly). 
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wxhlh~t 3 shuws the day t~H1~atiun for cases with length of 

stays /Lk~ the 61st ~ the 90th day Incr,~-~ rig. Without a distribu- 

tlun of cases by l~gth of stay /~i t~) 90 cr more days, itis 

difficult ~ ~re the total day u~ ~ ~ ~e~ (i ~ 90 days) of 

the insured pupulati~ ~ that of the medicare pa~ulation. One can 

rati~li~ as ~4,~ r~asanahle that the number of ~la~.~ with length 

of stays of I~ than 61 days could be decr~qlr~g ~ cases with 

~ . h  o f  s t ~ , s  ~ 60 ~.~,~ c c ~ d  ~ v e  ~ t . h e r  ~ ~ ~x=rease ~ 

~l~me ~ l~th of stay. In ~tiun, an insured ~o~.~ might be 

~are attractive "to those who need or anticipate the need of .~I 

care, therat~, i~.~-~,~ higher ~H1~.~tkm. 

I~w~lhlt 5 presents the de~l~snt of ~ ~E.~mlums for in h~s- 

p i .m l  benef i ts  ~ the 90th day. P,~,~fits fo r  ,.lays bey~:md 90 are 

pa.id fcEr J..u f,.QJ, by t.he .Jmsurecl cazr ier .  ~m:maL..y c ~  wou.ld est:ecl. 

t ha t  t h i s  value ~ be ~ by est.~at.~.~ the day ~-~H-~.-~:L~:m 

and the a~x~e daily costs. An analysis of these ~] ~.~ts ir~ic~ted 

e~tic behavic~ in ~ of u~-il~-atic~, length of stay and costs 

~her~as the ~n.~o~te (i.e., pure ~iums) ~c~ce stable as well as 

reascmable results. 

~st s~,~,~t -~-~nt of pure pr~ium t~ calculate is that 

cover the Part B a ~ 1  ,~P.~h]. in ~le or in part for physician 

and outpatient ~ital serv~. As ~s previously ~nticned, there 

are no available statistics By size of losses ~ ~e~-~ ~ the impact 

of inflaticm and utilization upon the ~'tible value as the status 

of the Part B a~*-~-lh!~ and the benefits applicable ix) satisfy the 

~P.~-~h~ are maintained by Medicare. 
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TO abviats the problem, the choice of the regr~,~n curve ~s 

p~uunt. It had to nut Gnly show a his degree of ~latiun 

hi.~to~ical data but also F. .... ~strate a pattern of future de~lupment 

that was l~ical. With incr~a~nq unit cost cne would expect that in 

raw--lye years the a~rage ~w-tible would increase at a decreeing 

rata and be~m~ asy~totic aus it ap~ached the deductible 1~-~t. 

~--.-- asymptotic, ~_r~f~, the last c~ser~d value was chosen as 

the expectsd pure ~-~,-- for the rating period. ~ha his~ric values 

and the projected pura ~.u~s are shown in Exhibit 6. 

For th~ colnsurance benefits ~ crmp1~-~t the Part B 80% co- 

insurar~8 payments, a return ~o the tours traditicmal techn/que of us/rig 

u~ I ~ti~ (f~umcy) and a~rage cost per service for calculating 

~zmiums was ~U~/. ~he pay-4~ns and ~'~T!tal -1~,--ycs are 

separa~d as each in influenced differently ~, the inflatian fac~rs 

~rticu/ar to each of the ~/-~-ta. ~e increase in physlcians pr~- 

w~li~ fees is o~ulled by the ~T~.~5 of Hsalth, ~tinn & 

t,~,~I£,-~-~. For 1979 this v ~ l ~  ~ ,s  ca/.culat~.l  t o  be 5.08% Crier 1978 

values amd this same value ~s asmmi~d to cm~tinus in 1.980. ~he 

ir~zease in hospltal charges wauld reflect the inflaticmary pressures 

of the local ~_spital ar~a and are cu~tly being crmtrolled ~, umn- 

patitlan ammWst hospitals and the ~eri~n ~ospital As~ciatian 

voluntary e/.&xt. Appan,~ Di, ~, and D3 detail the al/n~h1~ 

increases in paysicians prew~1~ng charges ra,~'ied into th~ pure 

~.~m calculatinns. 

E~hiblt 7 dew-lops the e~pectsd serviue ~-~ I ~ ~tinn for ~hy-~-ns 
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coinm~e benefits. ~he most recent observaticms i~i~te a l~l- 

ing if not a muderaticm of usage. For proJecti¢~ purposes the last 

c~rved value was used. ~e average service cost is devil,Ted in 

Exhibit 8 and used the previously mm~tianed 5.08% and prior values 

as taken frtn the letters issued by Health, B@~t_ion and WAIF~ t~ 

Part B in+~-~-~ies. ~ ~,-D-niun p~e,'~ ~ t he  physicians' ooin- 

s~irar~ is  the outpatiei~t bf~Dital coins~irance benefit. The u~-i I] 7R- 

ticm amcl cost ~ - ~ a t i c n s  are displayed in Exhibits 9 and i0. 

TO ~uburate these trends and values (Phy~i~ans & I~spital) a 

is m~ of the asmmI~cicns used by I~alth, ~c~tiun and Welfare 

in devaluping Part B ~nthly actuarial and m~thly ~J.um rases. ~hese 

calcu,la',.iGns are ~,~.ned i~ the Fe~ral Register ar~ ads pm'T'm~11y 

p~1 i -Ned each December. 

ame~ux m pr~ts ~ v ~  ss~ as~_~ns ~izing 

S~ pricing and funding calculations. T~h1~ 5 presents a range of 

values for the projecticm factors far pby~4~ns' fees, ~li~ticm of 

physicians' services and outpattient hospital serv~. The projection 

factur used in the pure ~d.um calculation to cover the uninsured coin- 

surm~ pmrti~n far th~se benefits a~ below t~se i ~ i ~ t ~ 1  by SSA for 

physicians'  fees and uH1" l , - t . ion .and w i th in  the high and lo,,,, 

for ~:pati~n~ ~spital ~_rv~. 

Prescripti~m clrL~:~a, ,~-=4~. of those prov~a~ in a hospital . ~_ -~g ,  

are r ~ .  covered by l , ' ~ d i c ~ .  '~-~e benef i t  lz~ be pr iced pzx:~,d.des E=e- 

scriptiun dru~/s subject tm a $25 quarterly deductible and 25% coin- 

sura~. Pure ~e~lu~ are develc~e~ by estimating the number of 
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,~nn,~'l.tm~tians. Gemerally the number o f  ~l~;.-,m.~ts ham increased 

c~r t/me wlth ths number of ~Eescriptiuns st~win~/ a cuntinuing de- 

cllne. ~e underlylng data and proJectluns far t~ese t~ =~ts 

are shush in Exhibits LI & 12. In urder ~ de~_l~ the full presortp- 

t~n chars, the a~ra~ prescriFtiun =i~= pay~mt has t~ be adjusts~ 

r~: the ~e~al of the 25% coinsurance and the $25 deductible. 

Projecting the average prescript~ charge without mcdifi~ticn would 

~viuusly ~r~a~ ~'~us and u~defensible results. ~e u~ver-~ 

of the a~rage pz~scriptiun cost from a partial Iz~ a full ~-~ is 

c ] ~ 1 ,  ~ ~ Exhibit 13. ~ resu l tan t  V~L.l.t~ are then l~m,.~Eez'~s~, to 

Exhibit 14 ~ere ths projected value is den_loped. ~ evaluat~ the 

readableness of this val~e the inhere~%t ar~u~-i trod f~u~ the last 

~ b ~  val~e to the projected valDe is cu~parsd tD the trends ob- 

ser~d fur the most rat annual w1,~ in the O:mmm~r Price Index 

~r those s~an in t~e r l  I ly Digest. At the t/me of preparat/nm 

of the f~llng, t~s Consumer Price Index trend, as of Oc~ber 1978, ~s 

7.5%, while the Lilly ~ig~st (1977) showed 9.4%. ~he 5.5% trend in the 

pure ~,~.um proje~'~ used was therefore ~a~-ed ~z~ be reasc~h~. 

~e estimated pure pr~iums f~ the benefit ~as :a/culat~d by 

d ~ - ~ l -  the ~ _ . a . , t i ~ .  

~e purr ~it~n for each of the benefit categuries pr~usly 

described and their de~a{~a calculations are ountained in Exhibit 15. 
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At~ted~ C3.A3345 l~.113J3NC~ 
PER I00 CONTRACTS FOR FISCAL YEAAS ENDING . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ACTUAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PROJECTE0- 
Benefi t  Category 3/31/75 6 / ~ / 7 5  9/30/75 12/31/75 3/31/75 6/3On6 9/30/76 12/31/76 3/~1/? 7 61301?~ 9/30177 12/31/77 5/14/60 

I n p i t l e n t  I~sp l ta l  24.932 24.966 25.00] 25.025 25.345 25.513 25.750 25.910 21S.771 25.9)7 25.689 2 lS ,215  26.9~8" 
Deductible 

I 

I 

* lhe projected values resu l t ing  from the three pro ject ion methods Indicated belch mere I n l t l a l | y  considered. Despite the s l gn t f l can t | y  
hlgJ~ indexes of de temlna t lon  and the reasonabi l i ty  of  the ve|uec, I t  was detemlned to he appropriate to ca|culate the projected claim 
Incidence value using the most recemtl¥ observed ennui |  [4 ;0  of Increase (1.Z%) uJ~lcch I I  somewhat Iouer tJ~n the armual trends onderlylng 
the aforment loned projected values. [(26.~15)(1.012)~u. l l Z  . 26.968]. 

ProJectton P,lethod Fom of Ec~J0tlon Index of OotemlnaUon Projected W|P~ 

Linear Y - A t BX .928 27.329 

eyperbel lc ~ : A(EXP(BX)) .926 27,392 Exponential 1/(A ÷ BX) .927 27.462 

The rmualnlng proJection onthnds employed produce values and/or Inclexe$ of detemlmetton tbet uere Judged to be Inappropriate fQr 
consideration. 

FORfl OF 1YPE OF EOUArION INDEX OF PHOJ, ANN, 
EflI/ATION FUIICilOH HUMBER DETERHINAI)ON A B VALUE TREtID 

| ,  YRAI(BtX)  L]HEAR 1 ,920 24.735696 .120590 27.329 I . B Z  
2. Y=I / (AFSeX)  ItYPEHBOL|C 5 ,927 °040403 - ,000166  27,462 2 ,02  
3, YmAeEXP(8$X) EXPONENTIAL 2 .926 24,743391 ,OO4730 27,392 1.9X 
4. y -Ae(X-8 )  POM[R 3 .827 24 .6256 |2  ,02 |323 26.290 ~12 
5, ¥-AISeI.O~(X) LOO~R~THMrC 7 .826 24 ,615411  .5420~O 26.201  , I Z  
6. YmX/(Ai~eX) IIYPERBDL|C 6 .540 .001940 ,038695 25,703 - . 7 2  
7, Y'ASEXP(B/X) EXrGNENTIAL 8 ,537 25.043334 - .O49305 25,784 - , 7 2  
8, Y"AF(B/X)  HYP£kPO4.|C 4 ,534 25,043736 -1 .253400 25,705 " . 7 X  
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E~TnTT 2 

Estimate of 1980 Medicare Inpati~%t hbspital Drv~,~-tible* 

AMOUNT SOURCE 

A. Averaqs hospital c~arc~ per day for 
the period January I, 1977 to 
December 31, 1977 

$197.07 App,=-,,'~tx B 

B. A~rage per ,14~, rate fur the $160.69 
period January i, 1977 to 

31, 1977 

Pag~ 44891, Federal Rsgister, Vol. 43 
No. 190, dated 9/29/78. Appendix A 

C. Ratio of per diem rate to average .815 It~ B ~ Item A 
hce~ital ~ar~ per day ~r ~ 
period January I, 1977 to 
D~c~-*~," 31, 1977 

D. A~.rag~ bn~p!tal charge per day $190.77 Appendix B 
fur the period January l, 1977 
to June 30, 1977 

E. Avera~ bf~pital charges per day $217.21 Appendix B 
for the period January i, 1978 
to J~s 30, 1978 

r. Est~ ~ hospi~ ~har~ $224. 
per day fur the period January I, 
1978 to D~,~n~r 31, 1978 

(Item Z ÷ Ite~ D) (Item A~ 

G. Estimatsd ratio of per diem rate .815 Based an 1977 experience. Ibmn C. 
te a~ra~ ~itel c~ar~ per 
day for the period January I, 1978 
to _ ~ v  31, 1978 

H. Estimated a~raga per a~pm ra~e $183.68 (Item F) (Its G) 
for the period January i, 1978 
to Dec~ber 31, 1978 

I. Average per ~iPm rate for the $ 40.01 
period January i, 1966 to 
December 31, 1966 

Page 44891, Federal Register, Vol. 43 
No. 190, dated 9/29/78. Attac~snt I 

J. Estimated 1980 inpatient hospital $184.00 
deductible 

(It~n H - It~n I) ($40) rounded to the 
nearest multiple of $4.00 

~"Ihs law provides that for spells of illness beginning in calendar years after 1968 ths in- 
patient hospital deductible shall be equal to $40 imaltipl~ by the ratio of (I] the c~=,t 
average per diem rate for inpatiemt hospital services for the calendar year preceding the 
year in which the pra~ig~ticn is ~ to (2) the current a~rage per :1~m rate for such 
services far 1966. ~anges in the amount of ths inpatient hospital deductible also affect 
certain other cost-sharing pravisiens under the ~dicare hospital insurance ~ ,  the 
patient co-payment for the 61st to 90th inpatient day which equals 25 percent of the in- 
patient ~spitel ae,,-k, ct. ible, and the s~11~ nursing hume a~ily co-payment which is equal 
to 12.5 percent of the inpatient hospital deductible. 
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~m'r~TT 2A 

~ctual ar~l Est/mated l~eductible and 
Coinsurance Ammmts for Madlcmre Beneficiaries 

I~mn 

ACTUAL ESTIM~ZD 
1974 1975 1976 1977 1978 1979 1980 

A. ~spital Inpatient $84.00 

B. Patient Co-Paym~t from $21.00 
the 61st t~ the 90th 
Inpatient Day (25% of 
Z~ GW v~ues) 

C. S~411~ Nurs~ Facility, $10.50 
Daily Co-Payment (12.5% 
of It~ (A) values) 

D. Physicians' Services and $60.00 
Outpatient Serv~ ~- 
Annual Ded~ble 

E. Patient Co/nsurance for 20% 
Phy-~ns' Services and 
Outpatient Sezv4 ~ 

$92.00 $104.00 $124.00 $144.00 $160.00 $184.00 

$23.00 $ 26.00 $ 31.00 $ 36.00 $ 40.00 $ 46.00 

$11.50 $ 13.00 $ 15.50 $ 18.00 $ 20.00 $ 23.00 

$60.00 $ 60.00 $ 60.00 $ 60.00 $ 60.00 $ 60.00 

20% 20% 20% 20% 20% 20% 
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EMWmTT 2B 

Calc~a~i~ of the T,~Rhi 1 i ty for the 
Period of these Rates for the Benefit Categories 

Imp~d by ~ E~eC~ L~zea~ in ~e 
1980 Medicare Inpatient ~spital Deductible 

A. 

B. 

C. 

D. 

E. 

1979 Medicare i n p a t i e n t  hospital 

Estimabsd 1980 Medicare inpatient 
hospital ~w~-~ his 

Medicare im~atient ~ i t a l  
fo r  the period S/15/79 

bo S/14/80 

Co-payment for the 61st ~o the 
90th inpat.ten_ hospital  day for  
the period 5/L5/79 to 5~4/S0 

S~ N~ nursing facility daily 
c~-pa~C for the period 5/15/79 
t~  sA~8o  

AM3~T 

$160.00 

$184.00 

$169.00 

$ 42.25 

$ 21.13 

SOURCE 

Pase 44891, Federal Register, Vol. 43 
No. 1.90, dated 9/29/78. Atta~,~,t I 

Exhibit 2A, It~n K 

[ (7.5/~) (It~n A) + (4.5/12) (Itch B) ] 

(Itam C) (.250) 

(Item C) (.125) 
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AZ~,11.g~3., I ~ Y  ZZa~Tr~zqC~ 
PER 100 CONTRACTS FOR FISCAC YEARS ENDING 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ACTUAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PROJECTED- 
bene f i t  Category 3 / ] ) / 7 5  6 / ~ / 7 5  9/30/76 12/3t/75 3/3) /76 61~0/76 9/30/76 12131176 3/31/77 §/30/7? 9/30/77 12/31/77 5/14/80 

Co-~yment for  the 15.732 15.504 16.633 17.384 17.995 16.137 16.420 18.407 18.453 18.484 18.443 16~544 19.225' 
61st to the 9Oth 
Inpa t ien t  Hospttal Day 

* The projected values resu l t i ng  f rc~ the ~ pro jec t ion  methods ind icated belme mere I n i t i a l l y  considered. Despite the s i g n i f i c a n t l y  htgh 
Indexes of de temthe t lon  and the reasonab i l i t y  of the values. I t  was datemlned to be llPLLprOprlata to ca lcu la te  the projected day Incfdence 
value using the most recent ly  Unserved annul] rqt~t of Increase (1,31) which Is sommdlat l o ~ r  than the a n ~ a l  trends undar ly tn9 the afore- 
azentIo~.d proJecLed values [ (18 .544 ) ( I , 013 )zu .b / I  z - 16.225]. 

Pro ject ion Nethod Form of Equtt ten Index of p e t e ~ t n a t l o n  Projected Va)uq 

Logari thmic Y " A • B(In X) .951 16.629 
Peter y - AxB .951 19.548 

The remaining pro,Jectlon mete.ads e~ployed produce values and/or Indexes of datermlnaltton tha t  ~ r o  Judged to be Inappropriate for  cooslderat lon. 

FORM OF TYPE OF 
EOUATION FUHC[ION 

1. Y=AtBSLOG(X) LOOA~I[I IHIC 
2.  Y=Aa(X~B) PONER 
3.  Y=X/(AfBSX) IIYPEROOLTC 
4. Y=AaEXP(8/X) EXPONENTIAL 
5.  Y - A I ( B / X )  HYPERBOLIC 
6. Y=At(BaX) LINEAR 
7. Y=AaEXP(BSX) EXPONENTIAL 
8.  Y -1 / (A~BaX)  IIYPERBOI. IC 

EOUATJQN INDEX OF PRDJ, ANN. 
NUHDER DETERHINAr|OH A B VALUE TREND 

7 ,951 15 .679929  1,2~4644 19.529 2 ,0Z  
3 , 9 5 !  ~5.721701 .072661 19 .648  2 . 2 Z  
6 ,867  .01156~ .0~3449 18.523 - . 3 Z  
O ,85~ 18,67~771 - , 1 9 7 8 3 7  IB ,505  - . 3 ~  
4 .843 I 0 . 6 4 6 ~ 8  - 3 . 3 9 0 9 0 7  | 8 *409  - , 4 X  
[ .B07 16.194574 ,24~3~2 21 .404  6 .0Z  
2 .797 16 ,206697  .013945 21 .673  7,0X 
3 .786 ,06166~ - . 0 0 0 6 0 4  22 ,532  8 .3Z  

W 



PER 100 COl/TRACTS'FOR FI$CAI.'~'EAR$ ENDING 

Beneft t  Cetegor¥ 

ed Nursin9 F a c t l t t y  
t :  f r o m  

2 1 s L  t o  l O O t h  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  AETUN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PROJIEETED- 
3131175 6/30175 9130175 12/31/75 3131176 e130176 9130176 l Z /~ l lTe  3/31/77 #13ql7~ ~ /30p?  1Z/31/77 611~/80 

38.222 37.110 ~U5,874 3.6.101 34,642 3.4,094 32,02B 29.945 27.113 23,493 29.r66) 18.111 I I .Z5~ 

* The projected value Is the resu l t  of an exponential  proJect ion IV - A(EXP(BX))] which hat an Index of  d s t e m l M t l o n  of .B79. This value 
Is constdpred to be appropr iate for  Inc lus ion  In the rate ca l cu la t i on  tn view of the acceptable Ind6x of  d e U m l n a t l o n  as ~11  as the 
fact  tha t  Ule annu~zl t rend under ly ing the projected value Is cons is tent  w i th  the expec~t ton  t hot day lectdence for  S k i l l e d  Nurelng 
hFacJ)ftles xJ ) ]  cont inue to decrease t but at  = so~ewhot |asset rate than has been h f s t o r t c a l ] ~  observed. A l ~ r  p ro jec t i on  ~Y = A  * 8X] 

as a hfgher Index of de tem lna t l on  ( i . e . ,  .926). hoverer the resu l t i ng  projected value of 3.161 was considered to be c l e a r l y  l e a d i m t o  
and therefore re jec ted.  Tho r m a l n l n 9  proJectfon methods employed produce values and/or Indexers of de tem lna t l on  tha t  were Judged to be 
Inappropriate for cons|dermtfon. 

FORH OF TYPE OF EOUATXON ZlIDEX OF PROJ. ANN, 
EGUA1]UN FUNCtiON NUHBER DETERHItlAlZON A B VALUE TREND 

1. Y-Af (BSX) LIHEAR 1 ,926 42 ,621060  - 1 , 8 3 5 3 4 3  3 ,161 - 5 2 , 0 Z  
2, Y-AaEXP(BtX) EXPONENTIAL 2 .B79 45 ,623749  - , 0 6 5 0 9 1  ~ | . 2 5 7  - 1 8 . 1 X  
3, YoJ/(AfB~X) HYPERBULIC ~ ,021 .0 f0952  ,002392 | 4 , 2 0 7  -9 ,7X  
4, Y=A~BaLOO(X) LOGARIT|JHIC 7 ,697 43 ,344607  - ? , 5 9 6 0 2 1  20 ,037  4o3Z 
5,  Y ' A a ( X ' B )  POWER 3 ,631 46 ,313503  - , 2 6 3 0 2 8  20°665 5 , 7 Z  
6.  Y - A t ( B / X )  HYPERDOLIC 4 ,395 26 .444~35  16 .422209 27 .208  18,TX 
7, YaASEXP(~/X) EXPUNENI;AL 8 ,340 25,B72633 ,554400 26,569 17~5X 
8,  Y ' X / ( A t B a X )  HYPERBULIC 6 4288 - . 0 1 9 4 0 5  °03952 |  25 ,894  16,2X 



MCNI~LY P~E P~gIUM 
PER CONIRACI" FOR FISCAL YEARS ENDIHG 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ACTWU. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PROJECIEO- 
Bene f i t  Cate9ory 3/31175 6/±10/7.5 9130175 |2/31/~5 3131176 ~p/30/76 ~/31]/76 IZl31176 3131/77 6/30/7~ 9/30177 ~2131177 5/I,~/80 

P a y ~ ' l . t  .f.,Lum ~ $1.210 $1.3,?.4 $1.433 $1.525 $1.606 $1.~1 $1.631 $1.6,13 $).653 $1.643 $1.661 ~1.650 $1.618" 

91st Inpatient 
Hospital Day On. 

• The p ro jec ted  value Is the r e s u l t  of  • hyperbo l i c  proJer~.tton [Y = X/(A t BX)] Which has an Index o f  d e t e m i n a t t o n  of  .9,14. the 
h ighes t  Index o f  d e t e m l n a t l o n  o f  the proJectSon metheds employed. A Iogarltt.hmtc proJecttcm [Y - A + B ( l n  X) ]  has v t r b J e l l y  [.ha 
sazz~e Index of  determinat ion ( l ,e . ,  .9~13). however ~ r e s u l t i n g  p ro jec ted  value of  $1.816 t,~lS considered to be excessive In  view 
of  the r e l a t i v e  s t a b i l i t y  o f  the recent i c t u l i  ex~ertenco. I be  r m t n l n g  p r o j e c t i o n  meUmd$ employed produce values eed/or Indexes 
of  d e t e m l n a t l o n  that  ~,mere Judged to be Inappropr la th  f o r  cons ldera t fon .  

I ( l i c i t  FI r  I y l ' l~  i l l :  r l i l l A  J l l ) r l  I N r l E x  i IF  I ' R I L J .  A r l r l .  
l.-+iLl,++ j l()pp+ l ? l l l + i : l  rl+t~ I411;tfr~h: III-+'I i+I<PIIt+A [ JC)t.l A [l V~ i . l l l~  IP~|PFI~J 

J .  Y " X / I A I  [l~IX) 14¥I ICI{IlI}I. 11~ 6 . 9 4 4  . ~ 6 ~ ; 4 ' 1 ~  . S U  J 5 1 5  | + + 7 ~  .7; / ,  
:t. Y = A I  t l+ l  +)C~X ) I.III;¢,I+ L I IIt11 i'~ 7 .943 I .  2299H7 .191130  1.1116 4.17. 

, 1 3 1 U ? B  I .IJb4 5.0% 3 • : '=AI ( X 'L l ) l'ilW[ I~ 3 . ~o3/z I • ~3733Y 
4, y=/I*F Xi ( l + /× }  E E l  l/SiS.el l ~ AI I i  .9211 I ,  ~911944 - . ~ 7 6 9 1 1  1 .669  ,5% 
' ; .  Y+.AI (D+'X} l l Y l + [ R t l t l i  ] C  4 . 7 1 0  1 . 6 + 1 7 7 [ { L  - . 5 [ { 9 0 ~ 5  I . & 6 3  . 3 ~  
~. Y.:A I ( [14:X ) I. I NCAI, I .73f i  1.3111:142 .0351199 2 .0P9  JO.2X 
7. TiAiFXI'(I+IX) [~I'[I/JEHI IAI • .913 1.3174U6 .024125 2,21]  13.21 
i t .  T=L, ( ; , l  f<+x ) IIYPEHIIlI_ l C ~ .6119 .759790  - .  016557 2 .476  18.6~ 



Bermfl t  category 

P1wslclans' 5erytces 
and Outpatlm~t Services 
Annual Deduct ib le 

HC~TmI,Y f ¢ ~ E  t ~ £ I t ~ J  
PER CONTIULCT FOR FISCAL YEARS ENDING 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ACTUAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PROJECIE@- 
3/31/15 6/~O/7~ 9/30/~§ 1~/31/75 3131175 6130176 9/30/76 12131176 3131177 5130177 9130177 1213|177 5/14/80 

$1.822 $1.851 $1.852 $1.837 $1.975 $2.065 S2.109 $2,134 $2.238 $2.235 ~2.242 $2.234 ~2.234" 

* The most recent observation ( I . e . ,  the year ending 12/31/77) has been car r ied  forward to the period of the rates.  The three pro jec t ion  
methods Ind icated below have s i g n i f i c a n t l y  high ledewes of de temlna t ton ;  however due to the re l a t t ve  s t l d~ t l l t y  of  the four gloat recent 
observat |ons,the projected values were Judged to be excest lve end therefore re jec ted.  

Pro ject ion Rethod Fern of Equat~ofl Index of Determination projected Value 

Linear ¥ - A ~ Bl .923 ~2.745 
Exponential Y - A(EXP(BX)) .918 ~2.876 

Y - i l ( k  t BI) ,914 $3.102 HyperboI Ic 

The remaining pro.laotian Ilethods eezployod produce valuos and/or ]odexes of de tem lna t l on  that  ~ r e  Judged to be inappropr iate for  conslderat fen.  

FORM OF TYF'E UF EQUATION INbEX Of PROJ. ANN, 
EOUAIXON FUNCII(IN NUMBER UEI'ERtIIHn[ION A B VALUE TREHII 

1, Y-AT(BaX) LINEAR 1 ,923 1.74B162 ,046357 2 .745  9,1% 
2, Y-AaEXP(~$X) EXPONENfIAL 2 1919 1,7e1175 ,022910 2 ,876  11 ,2z  
3, Y - 1 / ( A f B t X )  HYPERBOLIC 5 .914 ,564407 - ,O11259  3 , 1 0 2  14,BX 
4. ymAa(X'B)  F'UWER 3 ,028 1 ,719763 ,103302 2.361 2 ,4X 
5.  Y-AaBaLOO(X) LOGARIIHMIC 7 .822 1,701971 ,2087 |1  2 , 3 4 2  2.OZ 
6.  Y-X/(A+BaX) HYPERBOLIC 6 .550 .119619 .460290 2,147 -1 .7Z  
7. Y-AtEXP(B/X) EXPOHEtHIAL R ,540 2.173125 - ,239441 2,149 - I , 6Z  
8.  Y - A t ( B / X )  HYPERb(U. IC 4 ,530 2 ,173832  - . 4 8 0 7 8 8  2 ,151 - 1 . 6 Z  



619Et~rY~ ~ ' , , ~ 1 ~  
PEA 100 CONTRACTS FOR FISCAl. YEARS EJIgillG 

Benef i t  CeteQor~j 

Phys ic l tn~ '  Services 
Coinsurence 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ACTUAL . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PRO,IIECTIED- 
3131175 1~/30/75 g/30175 1~131175 3131176 ~/30/~6 g130/~ 6 12131/75 3131177 6130177 91~)177 12131/77 5/14/llO 

349.034 ~1 .880  379,235 397,626 405.828 419.269 434.288 447.282 448.633 451 .1~  445.098 444.293 444,Z93" 

* The most recent observation ( i . e . ,  the year ending 12/31/77) ha l  been car r ]nd  foneard to tke per lnd of  the r i t e s .  The tuo proJectioN 
methods ind lcatnd below have stGJnl f lcant ly high Indexes of d e t e m l n a t l e n ;  hoeevor, due to the re l a t i ve  s t a b i l i t y  of the f i ve  most irec4mt 
observations, the projected values,  vh lch represent Ul~ard t rends,  vero Judged to be Inappropr iate end therofore reJeetod. 

Pro ject ion Rethod Fo~ of Equat~o n |pd~x 9f  Qetemln4t lon  Pr'O]Kted V a l ~  

Power I' • AX 8 .955 487.301 
Logarlt.lz=lc Y • A + 6 ( l n  X) .947 480.797 

[he remaining pro jec t ion  metJ~)ds employed prcxbion values and/or indexes of determinat ion tha t  mire Jndgnd to be Inappro,prtato for  consfderotlem. 

FUI~M OE TYPE OF EQUATION INDEX OF PROJ, ANti. 
EQUATION FUNCTION NUNDER DETERMINATION A B VALUE TREND 

I .  Y"A~(X-B)  PUWE~ 3 .955 340 .755047  .116595 4B7.301 4 .0X 
2. Y 'AtB~LDO(X) LOGARITHMIC 7 .947 337 .525093  46.697891 480 .797  3 .4X 
3.  Y~At(BSX) LINEAR I .877 354 .056190  9 .422917  556 .649  IO.OZ 
4. Y=ASEXP(BCX) EXPUNENII~L 2 .86B 3~5.636978 . 0 2 3 3 0 |  586.911 S2.4X 
~* Y ' I / ( A t D $ X )  HYPE~[~OLIC 5 .856 .002802 - . 0 0 0 0 5 8  &41.g61 S&.OX 
6.  Y-X/ (Af I~$X)  IIYPER[~OLIC 6 .806 .000769 ,002227 4 4 [ . 9 2 9  - , 2 X  
7. Y-~$EXP(D/X) EXFONENIIAL 8 .783 447 .533321 - . 3 0 3 1 1 e  441.26B - . 3 X  
8 .  Y~A÷(~/X)  HYPERDOLIC 4 .759 446 .350307  - 1 2 0 . 0 5 0 4 5 0  440o76: - . 3 X  



Ex~rrnTT 8 

Calculatic~ of the Average Cost Per Service 
fur the Period of these Rates for the Phy~/~i~n~' 

Coii~ar~8 Benefit Cat~c~3ry 

zr~t  EZ:X.E~ 

A. Ca/culat/~ of the oat trod fac~r 
bo project the a~_ragB cat per service 
/~r p~y~ri~n' coinsurance b~efit 
category fzun the )~ar ending 12/31/77 

~ y~r ending S/14/80. 

I. ~ ecC,'~",m~ index app.I/cable t~o 1.276 
pb~s' serv~ announved 
by the Sock1 Security ~ 
tration fur the period July 1, 
1976 through June 30, 1977. 

2. ~he ~ c index applicable to I. 357 
physlc/ans' servicer announced 
by the Social Security ~,,i~i~- 
tra~ fur the period July 1, 
1977 tbruugh Jtme 30, 1978. 

3. ~v_~ffiLt of increase for fiscal 6.35% 
year 1978 over fiscal year 1977 

4. ~e ~--...~c index applicable to 1.426 

by the Social Security ~,,.h~,~- 
trati~m for the ~ July I, 
1978 ~ June 30, 1979 

5. Ft=~ of inc~ase for F~ ~ 5.08% 
~ar 1979 ~r fiscal year 1978 

6. E~c.~.ed percent of increase 5.08% 
far fiscal y~r 1980 cur fiscal 
year 1979 

B. Cost trei1d facb~r tD project t~ year 1.132 
endlug 12/n/r7 m ~e y~r e~Lng 
5/~4/80. 

C. Cost per service for the phy-~,~-~' $7.85 
ooinsurance ~fit cat~y fur the 
y~r ~mdlng 12/n/77. 

D. E~pect~d ~-e=ge COSt per service $8.89 
for phy~,s' oolnsurmum benaf/t 
czzte,~:=y ~ r  the ~ ~ 5/z4/eo 

Part B Iv~-~ry Letter NO. 76-34 
LL~ Department of ~Ith, ~tion 

Welfare, dai~d August 1976. 
Avpe.itx ~ 

Part B I~-~vm~ry LettP.r NO. 77-24 
L.~ I~partm~t of Health, ~t/c~ 
and W~If~e, dated JUne 1977. 
Apper~x ~ 

It~ A.2. ".- Its A.i. 

Part B IntsrmvdLary L=tL~ NO. 78-23 
fran Depart~nt of ~alth, ~W~w~F./cm 
and W~If~-e, dated June 1978. 
Appe.ib~ ~ 

Itb~n A.4. ~ It~ A.2. 

Jud~ffiu~=Lt 

(1.0635)6/12-(1.0508) (1.0508)10-5/12 

~ Cc~p1~v~tary Rata Study 
~abulati~ 

(I~ B} (Item C) 

- 6 2 4  - 



I 

i 

~ g~.T., SEZ~,/'ZC:Z~ ]Zlr'mmqcE 
PER I00 CO~iTRACTS FOR FIS.CAL YEARS ENDING 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A£TUAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PROJECTED- 
Benef i t  CateDor ~ 3/3|/.75 6130/~5 9130175 12131175 313]17§ §13017~ 913,0176 )~/31/~6 3131177 ~130/777 9/30177 1ZI31/77 ~/14/80 

OLZ~t...~.EI"Z'E 70.307 74.164 78.924 83.151 85.013 90.751 95.921 99.602 102.056 105.553 108.7,15 113.4Z6 150.742 t 
Hosp:Lta.i. Sex 'v ices 
Coin.m.eca,nce 

* ]he projected value 11 the r e t u l t  of e 11near p ro jec t ion  [~/ • A ~ BX] uhtch luls on Index of de temlna t ton  of .996, the highest  index of" 
de temlna t |on  of the pro jec t ion  methods employed. This value Is considered to be appropr iate for Inc lus len  In the rate c= l cu la t l en  In 
view of the extremely high tedex of de tom lna t l on  i s  we1] as the fac t  tha t  the eenual treed under ly ing the proJected v&lue Is consistent  
w l th  the deco]eret ing annual rates of |ecrease observed In the recent h i s t o r i c a l  experience, An exponent ia l  proJectten I f  - A(EXP(BX))] 
and e hyperbol ic  p ro jec t ion  [Y - 1/(A * BX)] also have ext re l le |y  h|gh Indexes of determ|nat len ( I . e . ,  .987 and .970, respect ive ]y ) ,  heu- 
ever the resu l t i ng  projected values ( I . e , ,  173.859 and 257.553, respect ive ly )  were considered to he excessive end therefore re jec ted.  
The remaining pro jec t ion  methods employed produce values end/or |ndexes of detormtentto,n tha t  were Judged to be lenpprepr le to for  
cons~derBttoll. 

FORM OF IYPE OF EUUAIION INDd~ OF PROJ, ANN. 
ENUAIIOR FUHCTION NURBER DETERN]NATIDN A D VALUE TREND 

1. Y=AF(BDX) LZN~AR 1 ,996 67 .072~22  3,B91619 150,7~2 | 2 , 7 Z  
2. Y-AeExP(BSX) EXPONEtIIIAL 2 .987 69°J337OO ,O42B93 173.859 19.7X 
3, I '= I / (R~DSX) HYPERBDL|C 5 .970  ,014183 ~ .000479  257 .553  41.2X 
4, YmAI (X '~ )  POMER 3 *942 65 .492350  *199877 120.924 2 .7Z  
5,  YmAtBSLUG(X) LOU~R]THH~C ? .912 82 ,790400  17 ,75776 |  117,272 1,4X 
6.  Y-X/(A~B=X) HYPERBOLIC 6 ,739 ,005724 ,0095R9 101,474 - 4 . 6 X  

• , Y - A t £ x P ( ~ / x )  EXF'OHEIIIIAL D .608 ~05.716966 - . 4 9 0 3 9 4  J01.37B - 4 . 6 Z  
• Y=Aa(R/X) IIYPERBRL]C 4 .636 103,39291e - 4 2 . 5 9 4 8 5 7  101,402 - 4 , 6 Z  

LO 



,AVEI~,A(~ OOBT ~ S~VZCB 
FOR FISCAL YEARS ENDING 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ACTUAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PIROJECTIEO- 
Benefit  Cate9or.y 3/31/75 6/30/75 9/30/75 |2/31/7ii 3/3|176 ~.L..~.LZ.~ gl30176 ~ ~131177 6/30/77 9130177 12131177 

CXl t :~ , t , ,Lent  $6.e6 $6.98 17,23 $ 7 . ~  $7,56 $7.72 $7.9Z I0.16 $6.~Z 18.47 10.60 Sa.Og $11,0,P 

I~ospi ta.1.  Se,~"V'J.C~..S 
Co:Ln, s u r a n c e  

* The three project ion ~ thods tndtceta.d below recuI t  1~ axtr~al~rl¥ high an(I M a r l y  eqiJal tedmml of ck l tominat loo:  The projected VJhBI  
produced by the hype~o l tc  proJ=ctlon . . . .  Jetted as being c lear ' I t  excessive. I t  wae.da.tomln.~:l to.be.el=proOf'l ifo ~ ulraet~ ~ant.h~'r 
the l inear  project ion and the expormnt l l l  project ion [($10.73 t $11.33) t 2 - t l l . 0 $ J  In fRO roee C41CMIB¢IOR III COIISlRO 
nearly equal va l ld | t .y  of the l i rmar end expenentlel project ion methods, as ve | l  as the fact that  the annual tromd underly|ng the man 
value is consistent wi th  both roeemt h is tor ica l  experience and re isoMbla expectations of future hespital  c~est I~rosees for e~Jt.patltnt 
se~lees.  

ProJection Nethod Form of Equat!on |ndex of 0qttamtpat|oft projected Yelwl~ 

Llnelr ¥ - A 4 B l  .995 ~10.73 
Exponentlat ~ - A(EXP(BX)) .991 ~11,33 
Hyperbolic 1/(A * BX) .gB3 $12.43 

The reeaInlng proJeclthn methods eJeployed produce values led/or  indexes of detomlnatlocl th, at  tmre Judged to he Inappropriate for consldxretIBm. 

FOHtt OF TYPE OF EULIAT I tin INDEX OF PROJ. ANN* 
EGUA ] ] ON FUNL2T ION NUMBER DE [ERN ] HA1 I UN A E VALUE TREND 

1, Y-At  (EYX) I. IREAR 1 ,996 6,572121 ,193392 t 0 ,730  8,2Z 
2. Y-A$EXP(Bex) EXPQREt;T [AL 2 .991 6.635739 .024875 11.328 10.7X 
3. Y=I/(AF[~*X) HYPERBUL IC 5 ,983 ,149577 - ,003215  12,429 15°2Z 
4, Y-AS ( X 'B ) POklE.~ 3 • 940 6 • 434750 * t 15542 9 ° 172 1,3X 
5, y=A4 B*L.OU(X ) LOORRI f l lRIC 7 .919 6 .353 |28  . B86190 9,072 °9Z 
6. ¥=X/(AiDSX) HYPERBOLIC 6 .730 *037955 *118866 8 .290 -2 .9X  
7. Y=A*EXP(D/X) EXF'UtIEN[ I AL 8 ,695 8,397684 - ,  285364 8,2B7 -2 ,9Z  
El. Y-At<B/X)  IIYPERBULIC 4 .660 8,386769 -2 ,156228 B.286 -2 ,9X 

m 
G 



64~.rlef I t Category 

P m c r l  pt  le4,1 Drugs 

AZ~P.~,.T., CZ,~,.ZZ,L ZZZ'TnmqC:Z~ 
PER IO0 CO~qTRACTS ~ FISCAL YEARS ELIDING 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ACTUAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PROJECTED- 
3/31175 6/30/?~ p130/75 12/31/7~ 3/31176 6/30/76 g130/76 12131/76 3/31/77 6/30177 91301? 7 12/31177 5/14/e0 

45,59~* 46.638 41.32'0 48.467 49.514 51.017 53.018 5.4.69"5 56.113 57.436 5,8.618 59.663 72.772* 

* The p'roJect.ed value '~s tJne :'.esult of a ~'lnear project ion [ I  • k t BX] ~tvlch ~ s  an Index of 4atemtnatton of .991. l h t s  value Is considered 
to be appropriate for lec lus lon In the rate calculat [on in vlezJ of ,the ex t reml¥  blg~ Index of deta in|n i t ' Ion as ue l l  as the fact. that the 
annual trend underlyln9 He projected value ls CORSlstent ~ l t h  the dece le re t t~  a Rnual r i tes  of Increase observed tn the recent h is to r ica l  
experience. An expoAontlal project ion [¥ - A(EX~O(BX))] end | hy?e~oollcpro.|ectton [Y - I / (A  t I l l ) ]  have s l | g h t l y  h l g l~ r  Indexes of deter- 
mll~ation ( I . e . ,  .992), i l~ever  the resu l t ing projected values ( I . e . ,  77.042 end 85.039. respectively) ulero considered to be excessive and 
therefore rejected, The remaining project ion methods employed produce ¥al~J~ls and/or Indexes of d e t a m l ~ t l o n  that were Judged to be 
Inappropriate for consideration. 

FORH OF 
EQUATION 

1. ¥-RSEXP(B~X) 
2, y - I / (A÷BaX)  
3. Y-A÷(BIX)  

'5, y=A÷BaLOO(X) 
6. YmX/(R~BSX) 
?o y-ASEXP(BIX) 
B° ymR~(B/X) 

TYPE OF EQUATION IRZ~EX OF PROJ. ANH. 
FUNCTION NLJ~'iBER DETEHMIRATZOH R B VALUE TR[H~ 

EXPOHEHTIAL 2 ,992 44 ,0 |6920 .026036 77.042 11.4X 
HYPERBOLIC ~ .992 .022510 -,BOO500 B5.039 S6.1Z 
LINEAR ,991 43.495270 1,3&1689 72,772 B.TZ 

.B66 ,116049 61;34fl  1.2X POWER ~ 42.970726 
LOOj~RZTH~,tZ C .B47 42,34253e 6,006066 60,769 ,eZ 
HYPERBOLIC 6 ,~95 ,005300 .OITOB9 55,141 - ~ . 3 Z  
EXPOHEHT|AL B ,569 ~ . 9 0 3 ~ 9 3  - ,269983 55.206 -3 .2X 
HYPERBOLIC 4 ,544 55.91B910 -13.815348 55.276 -3 .2Z  



Bermfl t  Cateqorv 

Prescrtptlocb Drugs 

AV~3E ~ GF PRESCRIPTIOn 
PER PRESCRIPTION O~.UG CLAIN FOR FISCAL Y[ARS ENDING 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -ACTUAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PROJECTED- 
3/31/75 6130175 9/30/75 12131175 3/31/76 613017 ~ 9130176 12/31176 3131177 6130177 g/30/?? 12131177 5/14/Q~ 

9.875 9.750 9.642 9 . 4 0 2  9 . 2 7 7  9 . ~ 4 9  9.081 9.011 8.925 8.866 6.788 8.712 8.054" 

I 

I 

• The three proJectto~ metho~ tnd lcatnd be1 . . . .  I t  In .trmel~ h!gh and near ly  ~ 1  Indexes o f . d ~ t ~ l ~ t l o n ,  a nit ~a~nd~eer~la~dc~cub~atlon 
appropr iate to use e mean of  the l i n e a r ,  exponent ia l ,  end h ~ e r 1 ~ l l C  pro3eC¢lOO$ ~ l / . a l l  T / . e l o  ? u . ~ u ;  • ~ ~ v . - - : ,  ..: ~ . - .  - -  
tn considerat ion of near ly  equal v l l l d t t~y  of these tkree proJect ion methods as .vei l  Is  ~ fac t  tJ~t  the annual ¢rer~ u r ~ r l y l r ~  ~ a  m41n 
value ts equal to the most recent ly  observed annual r i t e  of decrease ( - 3 . ~ ) .  

ProJectlOll Hetho4 Fern of Equa~|oq lpdex of ~ t e m l ~ H o n  projected V ~ l ~  

Hyperbolic ~ • I / (A  * B~) .fl76 7.877 
Exponential A(Eip(BX)) .971 7.778 
Logarithmic Y • A * 6 ( In  X) .970 8.508 

The re~o|nlng pro jec t ion  methods ~p loyed  produce values and/or Indexes of de tomlna t lo~  tha t  were Judged to be Inappropr iate for  constderat|em- 

FURH OF TYPE OF EUUAIION INUEX OF PROJ, ANN* 
EQUATION FUNCIIOH NUMBER UE[ERttIHRTIOH A B VALUE TREND 

l ,  Y - i / ( A t B S X )  HYPERBOLIC 5 ,976 *101054 ,O01204 7 .877  - 4 , 2 X  

• . YmASEXP(DeX) EXPONENTIAL 2 ,971 9 ,880607  - . 0 1 | 1 2 8  7 .778  - 4 . 7 X  
, Y-RJBtLOG(X) LOOARIT|IfflC 7 .97n 10 .017760  - . 4 9 2 0 7 1  8.50B - 1 , 0 Z  

4, Y -A÷(B IX )  LINEAR 1 ~965 9 ,867120  - , | 0 2 9 1 6  7 .654  - 5 , 3 X  
5.  Y=A$(X '9 )  POMER 3 .964 10 .037782  - . 0 5 2 9 0 4  8 .534  - . 9 X  
6.  Y ' A ~ ( B / X )  HYPERbULIC 4 .745 8 .877872  1 ,238566 0 , 9 3 5  l . l X  
7.  Y=AIEXP(b/X)  EXPONENTIAL O .733 8 .891842  .132370 6 . 9 3 7  1.1X 
8° Y-X/(A~DSX) HYFERBLkLIC 6 .720 -,014160 .I12545 8.938 1.1X 



CA.LCLq.ATION OF THE AVERAGE CFLARCdE PER PRESCR|PTION DRUG CLAIM 
FOR FISCAL YEARS ENDING 

a/3]/75 6/30/76 9/30/75 12/31/75 3/31/76 d /~pO p/~/76. 12/31/76 3131177 6/30/77 9/,)0177 12/31n7 54DOP, CIE 

I .  Average cost per cla|m 532.00 532.47 $32.71 532.97 $32,93 $32.85 $32.B& 133.16 $33.35 $3.1.58 $,)3.92 $~.37 

2. Average charge per 
claim 

I 3. Avero9e number of 
prescription per claim 

4. Average charge per 
l prescription 

165.00 165.59 $65.89 $66.1~! $66.16 $66.08 $66,08 $6G.45 S66.69 S67.10 ~7.40 367.~ ~ ] ~ L t l i  
provide for  COS 
Co| ns u ra.rlco 
i f t 4 f  14t | I f IC- 
tion of • ~23.00 
deduct|bit • ltan I e .80) 
25.00, 

9.875 9.750 9.542 9.402 9.277 9.149 9.081 9.0t l  8.926 8.866 8,788 8.712 

$5.58 $6.73 $6.91 $7.04 $7.|3 $7.22 $7.28 $7.37 $7.47 $7.57 $7.67 $7.90 Item 2 t Item 3 



A V ~ G g  C ~ L ~ g  P i ~  P ~ C I N I  
F0B FISCAL YEARS ENDItl~ 

Benef i t  Category 

Prescr ip t ion Drugs 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ACTUAl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PROJECTED- 
3/3} /95 6/30/75 9/30/75 ~ 3/31/76 6130176 g/30/76 |~/31176 3/3~/77 6 / ~ / 7 7  913O1?7 12/31/77 S l H I ~  

$6.58 $6.73 $6.9I $7,O4 $7. |3 $7.22 $7,28 $7.37 $7,47 $7.57 $7.57 $7,80 $8.86* 

* The three pro jec t ion  methods Indicated belme have e x t r e l ~ l ¥  high and near ly  equal Indexes of de temtne t |on .  TEe valne prodLEe4 by the 
hyperbol ic p ro jec t ion  wss re jec ted es being excessive In view of the h i s t o r i c a l  rates of Increase. I t  was datemlned to be appropr iate 
to use the mean of LI~ l i nea r  p ro jec t ion  and the exponent ial  p ro jec t ion  [ ($8.77 * $B,95) * 2 • $8.86] In the rate ca l cu la t i on  In considerat ion 
of the It, ear ly  eciuel v e l l d l t y  of the l i n e a r  end exponential  p ro jec t ion  methods, e l  l l e l l  4s the fact  tha t  I.he nnruJal t rend under ly ing the 
mean value Is consis tent  u | t h  recent h i s t o r i c a l  experience, 

ProJection Method [orm of Equation Ii~iex of DeTermlpztlon pFOJected Ve)ue 

L inear  ¥ - A * BX .981 t8.77 
Exponential ~ - A(EXP(EX)) ,982 ~8.95 
Hyperbol ic I / (A  t BX) .976 $9.19 

The remaining pcoJeccCfon methods e~ployed produce values and/or indexes of  detenalnal: lon t.het were Jud~jod to be Inappropr iate for  c~sfdereKioq.  

[URH OF TYPE OF EUUATXDN IHUEX OF PROJ. ANN. 
EQUA 1 I Oft FIJHC I [ ON NUHEIER UE] ERN I NAT | ON A B VALUE 1REND 

I ,  Y°A~(BSX) L ]NEAR 1 ,987 6 ,561969  . 102902 8°774 5*1X 
2. Y -ASEXP(~X)  EXPGHEN r iAL  2 .982  6.Sa0B18 ,014302 B,950 6 .0X  
3. ¥ml / (A~BeX]  HYPERUOL IC ~ ,976 ,151582 - ° 0 0 1 9 9 |  9 .193  7 ,2X 
4, Y=Aa(X 'B)  POUER 3 °952 6 ,457253  .067192 7.9'36 ,7Z 
5.  YIA+UILUO(X) LII3GAR] IHHXC ? .941 6,43223Q °4794613 7 ,903  . 6 [  
6,  Y i X / ( A t B I X )  IIYPERbOL | C 6 ,742 *O2377P .132492 7 ,485  - I . 7 Z  
7, Y-ASEXP(/q/X) EXPQIEN r IAL U ,722 7 ,542393  - ° 1 6 7 9 0 5  7 .404  - 1 , 7 Z  
8,  Y=~ f (B /X )  HYPERUOLIC 4 ,701 7 ,537976  - I  , $077J0 7. 483 -1 ,TX 



Page 1 of 2 

Calculation of the E~pectsd Monthly 
PuB Pr~ium L ~ t s  

~sr the Period 5/15/79 ~o 5/14/80 

D~OtI4T S O t ~  

A. I~oatierd: h~,ital a~a,,~tible per 
;w~H mm~c~ 

I. ~_,~I ~1,4m 4ne4a~ per I00 26.968 
contracts 

2. A~rag~ payment per h~t~t $169.00 
h~spital a~hl- 

3. E~ec~d m~ly pure ~smKu~ $ 3.798 

B. Om~m~t for the 61st t~ the 90th 
i~ati~nt ~ ± ~  day 

I. Annual day i~a~ per i00 19.~5 
contracts 

2. A~rage paym~t per day $ 42.25 

3. Z~ected ~zmthly pu~ ~ium $ .677 

C. Expected m~t~ly pure ~ium fur $ 1.678 
the 91st ~o the 120th ~atient 
~ ~y 

D. E ~ d  monthly pure ~i~n for $ 2.234 
the JoiDt ~ L ~ '  ser~ces 
and ou~atient services annual 

E. ~y-4~s' s~c~ co~=an~ 

I. Annual s~M~ i~ce per 444.293 
100 c~mtr~s 

2. Average payment per serulce $ 8.89 

3. ~ m~thly pure ~ium $ 3.291 

F. O~t~mt b~T~tal ~rvme 
coinsurance 

i. Annual service i~a~e per 150.742 
100 c~trac~ 

2. A~arage pa~,h per servics $ 11.03 

3. Expected monthly pure ~ium $ 1.386 
- 631 - 

Exhibit 1 

Ezhibit 28, It~n C 

[ (I~ At) (Z~ ~2) ÷ 1.200 ] 

Exhibit 3 

S~I"~'gI'IIP 2~, Itleln O 

[ ( I ~  ~ )  (Item S2) ÷ 1200] 

Exhibit 5 

~xh~ hit 6 

Exhibit 7 

Exhibit 8, Itan D 

[ (its El) (It~ E2 "- 1200 ] 

E~/hit 9 

Exhibit i0 

[(Itan FI) (Item F2) -~ 12.00] 



' ~ ' m T T  1.5 
P , .~e  2 O f  2 

I~M 

G. 

H. 

1. A-~I day iw1~ per I00 
c~ntractm 

2. A~a~rac~ payment per day 

3. Expected ~,hhly pure ~ium 

n~=~Waon Dr~ 

I. A~rage number of pzescri~dnns 
per ~la~m 

2. Averse ~ge per prescription 

3. A~asrage ¢~ha~ per ~la~m 

4. Expected ~v~x~ pa~.uh per 

5. Annual ~ l ~ m  ~n¢.4~,,rw'~,:,. p e r  I00 
oun~cts 

6. Expec~d msnthly pure ~ium 

AMO~T 

11.257 

$ 21.13 

$ .198 

8.054 

$ 8.86 

$ 71.36 

$ 37.09 

72.772 

$ 2.249 

SO~ 

Exhibit 4 

Exhibit 2, Ibmn E 

[(Itan Gi) (itan G2) -" 1200] 

~bit 12 

Exhibit 14 

(ItEm HI) (Zt~ S2) 

[$71.36 - $25.00][.80] = $37.09 

E~hibit 13. 

[ (It~n H4) (Item H5) ~ 1200] 

- 632  - 



A p L ~ , D Z X  A 

PIOGKAM 

k~p41~kmt HolpHd Ded~l~bkl f~ l~rpI 

U n d e r  the  a u t h o r i t y  in rz.ctinn 
I$13(b~2) of the  SOcil.I Se~I r t t y  ACt 
(42 U.S.C. 1395~bX21). I have deter- 
mined  arid he reby  a~.nounce t h a t  t h e  
medlc~.re Inp~.tient h ~ p l t s l  deductlbb~ 
l o t  19'7/9 s h ~ l  be $1#0. 

Sect ion  IBI3 of t h e  S o c i ~  Securi ty 
Act provides for an  i npa t i en t  ho~ipit.a.I 
deduct ib le l ind cert~Jn coinst l r i r lc l l  
t m o u n t e  to be deducted from the 
a.mount payable for inpa t ien t  ho~plUd 
~.erv|CC~ and pa t -hosp i t a l  extended 
c~.~re $ervIces furn ished im indlvldmd 
dur ing a spell Of l i lac.i lk ,Section 
tBt3tb l (2)  of the act  re~u&e~ the Se¢- 
retJtry to de te rmine  a n d  pub lbh ,  be- 
twe t~  Ju l y  I and  Octot>cr ~ Oi el ic l l  
ye~'U', the amount  Or thc ' lnpaLlen t  ho~.- 
pllal  d i~uc t lb le  for t i le  f0llowlrtg cal- 
cn~l:tr y ~ r .  

Under • formula In Lhe law. t h e  de- 
duct ib le  i n r  cPdencLqr year 19~9 mu~t 
be equ&l tO $40 mu l t i p l i ed  by the rat io  
of: ( l l  T h e  cur ren t  ave rage  fe te  for 
day or i npa t i en t  h ~ p l l ~ l  ~.,ervlct's for 
calendar year 1977/ tO (2) t h e  rtverage 
dai ly rate for such scrvleP~ In 19~.. 
'The umoun t  so deterrrdned is rounded 
tO the  nearest mul t ip le  e l  $4. T h e  
averi.ge dai ly  l"Izte:~ I.re deten l l lned by 
the ~ ,c re ta ry  ~ on  the a.rnoun~ 
paid  on beh l i l l  of In.surt.~ Indlvldua~3 
to  %he hoe~pltzA5 p0,rtAclp:tting In the  
med~cm'e p rogram Virus the Lmounte 
w l t h h e l d  becat~e Ol Lhe dedugtlhle  

~ t o z u r a n c e  provis ~ol~ 
Bec~tLs~ the ~ppUcable colnsuraxice 

li.moun%a In ~ettlon ~13 oi the Social 
.~e~utlty Act  a re  f ixed percentages Of 
the Inpa t i en t  deduct lb te  l o t  aervice~ 
lul 'u!~hed tn the ~ame s l ~ l l  o! I l t n c ~  
t h e  Increase In t he  deduct ib le h~.s t h e  
e f iec t  O[ also |ncreaain~ t h e  tmount of 
colr~ura.nce t he  Med ica re  beneflctaJ'-y 
m~mt pay .  ThU.~. for spelL~ of Iline~-$ be- 
i h m i n i  tn  1019, t he  d~ l ly  colnsurance 
for the 61st t h rough  90 th  days ot ho~P 
pi ta l izat ion (one- four th  Of the lup~.- 
Oent hospi ta l  deduct ib le)  w i l l  be $40: 
the d.~,ily coln.~ur~nce for  l i fet ime re- 
~erve ~.lyl  to~le-h.~lf the  tupattent hos- 
pltaJ deduct ib le) will he  $80: and t h e  
daffy coin.surance for the  2151 t h r o u g h  
t h e  1.0~th days  of ex te l lded  c~.re ser- 
vices (one-eighth of t h e  inpa t i en t  hoil- 
plto.i deducttble~ wig be $20. 

T h e  da t a  used to maiie the  necesmurY 
co~,Dut.ttlan.s o( t he  Current average  
da i ly  r a t e  foe c l l e n d ~ r  yet.is 196d a n d  
I97/7 I r e  der ived f rom indtv idut l  lnplt- 
t i en t  he ,  pit.s] bill.s tl'm¢ I r e  recorded  
for  I l l  beneficlarie~s In the  records  of 
t h e  prolp l .m. "['he~e z~ecords show.  for 
e a c h  bill. t he  n u m b e r  of i npa t i en t  d a n  
of  care  and  t h e  Lnter i~ coet i t h e  m.tm 
of In te r im r e i m b u r s e m e n t  deduct ib le .  
a n d  coinst t ranceh TabuL1~ion.~ a re  pre- 
p a r e d  wh|eh stmlmgr/ze the data from 
. these  bUIJI bY t h e  yecr  in w h i c h  the 

wl.~ provided. The  restflt ing aver- 
gge  tuteckfl dai ly  flare secure.rely re" 
f lecm inter im costs on a,n accruld ha.sis. 

Ln order  to p r o ~ c r ~  r e f l ec t  t h e  
c h a n g e  in the  average  chilly ho~plmJ 
cos t  unde r  the  program,  t h e  ave rage  
in t e r im cost t iul shown in t h e  t a b u ~ -  
t/0rL1) mll l l t  be a£1JLLsted for t h e  effect  
of l i n t1  coat se t t~emen~  rn.~,de wi th  
each  provider of services a f te r  t h e  end  
of I ~  account ing ye=r  to ad jus t  t h e  re- 
i m b u r s e m e n t  to t h z t  provider  from 
t h e  iLmount paid during t h a t  y e c r  on 
e,n in te r im ~ l s  to t h e  actuM full cost  
of providing covered services to benefl- 
clgries. T o  the  extent t ha t  t h e  ra t io  o! 
[hi, at CUt tO in te r im twit for 197~/ dlf- 
[ers flora the  rat io of f i n d  cc~t to in- 
t e r im cost for 1966, the I n t r e a t .  in  
ave rage  interim dai ly  i~'lt,ll w i l l  not  co- 
blchle with tile lncren.sc" Il l  ac tua l  cent 
t h a t  has OCN~tirrt ~d. 

T i l e  ¢.tlrrt,nt ftt.l.rTt,iT,' If l lcrJm d,~lJy 
~ t ( .  ror I l ip : i l lP l l t  IIIr~lil inl ~L.rvl~m f , r  
~h.n<lar/~r:~r i9"11, h,ny~tl oi l  I . ' thl l laled 
in te r im cosl~t, is 1155.28; the corre- 
sponding arltount [or 19~ ~ $3'/.92. 
T h e s e  l~v~ro.~es I r e  b~q.q~d on opproxl-  
m:~Loly 93 n l i l l i l i n  dnys  Of hl~Ipil~lllT.'I- 
tli~l in i077 mid 30 mi l l ion d~.ys in 
I ~  ( l ~ t  6 moil t l t~ of t i le year l ,  The 
rat io Of [In0.1 co:~;t to Inter im cost ~ a p  
prox imate ly  1.03,5 |07 19'T'f sad t.055 
for 1966. Thus. the InpaL[ent hospi ta l  
deduct ib le is 840x[ i155.26x 1.035)/ 
t3~.92 > t 05511 - $ t60,67, wh ich  is 
rounded to $160. 

Dated:  S e p t e m b e r  25. 1978. 

Jos~:~'u A. C ~ r ~ o ,  J r ,  
S ec  re't a rv. 

[FR Doc. 78-T'/3e3 Fllerl 9-2.~-78 8:45 Im l  
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~,it. I c  ~ - I ~ . - - O ~ a P H I  h o * p i l o l  i n l l r o . o l l  b ~ b l r  o~ ~ l l ~ l  f o r  (npoi+inl  l ~ O ~ l . l l a  V ~ o l p i l o l  loar l  apprould 
:Pl'r@+od.['+r l,~meml,al o~@tllllyrPJ$/pi/mblp~°~l° lb+tola|Ibllob°l~+ll+ a q +  a m o u n l  pe+-klr l lJo  b~ IMp¢ o~  b l n # l ( o ( a t ¥  l n d  p l t | o d  

r .Plod  a l , p r o v e d  I 

J o e .  - 0¢o .  l l Z a  . . . . . . . .  

L ' , i , i . .  Ii,i,i. l l ? ~  . . . . . . . .  

"klk ;,+q. Just  I l l ?  . . . . . . . .  

I . | )  - ol*n. i i i ?  . . . . . . .  
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o . l l  o . , . .  I I P I  . . . . . .  
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u I bill 
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* Average Ilospttal Charge Per Day for the Period January 1, 1977 to December 31, 1977. 
($18,883,288) * 95,820 = $197.07. 

* *  Average Hospttal Charge Per Day for the Pertod January 1, 1977 to dune 30, 1977. 
($9,439,291) ~ 49,479 = $190.77. 

* * *  Average Itospttal Charge Per Day for  the Period January 1, 1978 to dune 30, 1978 
($10,872,413) * 50,054 = $217.21. 



APPENDIX C 

SEL~I~D ~ FROM ~E ~DIChRE PROGRAM 

1 ~  1~71 1 9 ~  1 | 7 3  1979 lS?S 

h r # ~  e=ro21~ aw o f  d a n ~ r T  I ~ ¢ r  
BoepttAI inTurit~ce ( H t l ~ l e d  . . . . . . . . . . . . . . . . .  IO.$M,&54 ~O,966,267 2l , )?&,Sg$ 21,612,0g) 22,06S,$10 
I l o l p t t a l  t n t . r t n c e  ( ~ l ) - d L s a b l l 4  . . . . . . . . . . . .  IO. ~ 114 1,830,152 2,06].744 
l u p p l ¢ l m ~ r J r y  ~ d t c J 1  i m u r a l a c l  (s]¢[)~g4~d , . . . 1 9 , 7 3 8 . ~ 4  | 0 , l & $ . S l 6  2 0 , ~ 6 ~ , 6 8 1  2 1 , 1 0 5 , 2 2 3  2 1 , 6 2 0 , ) 7 6  
i a p p l c m u r  7 r a d i c a l  l ~ u ~ m  ( S ~ t ) - d L l i b g l b d t . . .  It& ~ t 1 , | 0 1 , 3  IA15 106570497 1 , 8 6 ~ o 3 0 l  
B1 du~4/or SHL~-  I t ~  . . . . . . . . . . . . . . . . .  .20,762,663 2t,I~,4,A96 21,668,142 22,362°J47 

~=~i ~sed dutLn i r.he f i a t . i t  y e a r s  
RI :  T o i l s  ( t =  t h o ~ J ~ m d . )  . . . . . . . . . . . . . . .  $ $ . 6 L 2 . 9 7 t  1 6 , 1 0 9 . 1 3 9  ~ . ? & 9 , 0 0 0  $ 7 6 | 0 6 ° 0 0 0  $ 1 0 . 6 l J , C 0 0  
I~tX: T a t * t  (t~ t M u H n d l )  . . . . . . . . . . . . . . .  |2,0~,999 $2,|$$.06t $ | ,A~9 .0~  t2,865,600 |3,7t0,000 
3I: ~ o t  per HI i ~ o l l e o  . . . . . . . . . . . . . . . . .  #264 #221 $3116 $333 ~&)2 
ID~J: JmJ~mm¢ p e r  ~ I  e u ~ l l e * . .  1 1 0 3  $ 1 1 2  0 1 1 9  1126 t i l l  

M t t c i p e t t u g  f l c i t i t L l s  t *  o£ Ju172 
~ u ~ e r :  

k t l  b a 4 p l u l J  . . . . . . . . . . . . . . . . . . .  ~ . .  I,~&S E°726 6,757 S.733 i ,773 
Sho re -c l ay . .  t . . . . . . . . . . . . . . . . . . . .  6,163 6,131 6,132 6,102 t , lO7 
O t h e L  - - S92 595 625 631 (46 

S k t l l t ~  ; G ; G ;  -&~ : l t t t ' ~ ; . . ~  ~'~ .- . ~ . ; . ~ . . ' . 7 . . -~_  3,977 3.9~J ),932 &o|67 6,0~1 
Boom b l a l t b  a | t ~ t e J  . . . . . . . . . . . . . . . . .  1,214 2.~22 2,211 S,248 2,2~2 

i l e l :  
A l l  h o t p t  t i t |  . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 1 8 8 , 0 1 3  1 , 1 6 6 , 6 8 2  l . l&8,42S 1 ,  I t 3 , ~ 6 &  1 , 1 4 0 , 3 9 2  

S~n-a rosy . . . . . . . . . . . . . . . . . . . . . .  : . .  834,$1& 850,070 8.64.786 882,k96 ~01,76~ 
O t h e r  . . . . . . . . . . . . . . . . . . . . . . . . .  353,699 2050912 283,6.~2 261,168 238,636 

~k tZ l ld  m u r l l ~ l  f a t / f i l l e t  . . . . . . . . . . . . . .  ~?,~h8 291,936 167,606 2%,000 217,679 
k ~ l  pe+ l , O 0 ~  HI t u r o l l e e t t  

$ ~ o r  t - i l l  7 ho t  p t  t~  I t  . . . . . . . . . . . . . . . . . . . .  40.5 40 .5  41.6 $7.6 37.~ 
S k i l t ~  = u r l i n l  f l c i l i t l * l  . . . . . . . . . . .  1 6 . |  1 3 . 9  2 3 . 1  1 2 . 5  1 ~ . 9  

A ~ i J J l i O n J l  ( i n  t h ~ l s M I )  d u r i n g  t h e  fiJecal F U T t  
A l l  h O l p [ . l  t n p e t t e a t  I ~ l l l l . l q l ~  . . . . . . . . .  6,243 £,6q$ ~j711 61511136 Tl]O5 
A l l  h o l p t ~ l l  t m p l ~ t e n t  I + t l l i O m - . d t l a b l l ~  . . . . . . .  JUt ILl, 1~ £63 717 
S k i l l e d  u ~ I t r q [  f a c i l i t y  l d . ~ [ l l l m l - 1 6 1 6  . . . . . . .  621 397 1105 ~ &.36 
S k i l l e d  u u t e i n i  f a c i l i t y  l d m L l l i Q n l - d t l l b l a < l  . . . . .  ~ ~ ~ ~ ~.~ 

/t.~¢ttMion t a l l  per l .O00 RT e n . t t l l l :  
. . . .  ~ 33t A l l  h l l l p i ¢ . l l  t n p l t t l n t  i ~ t l l t O ~ l ¢ ~  . . . . . .  $13  320  324  

Ill h o s p i t a l  I n ~ t l c n t  I & d l l i o = s - d i l l b l © 6  . . . . .  ILl, l lk ~ ]  384 
S~ . t t l ed  oursin s r a c i s t s ?  a d a ~ t l S i O n l ~ | l l ~  . . . . .  ~'0 19 19 2O ~0  
Sk .~ l led  n U t l i n  I f a c i l i t y  a d ~ L l l i O ~ l - - d t M b l l +  . . . . .  l~L l ~  I~  ? 7 

A ~ T I I I  ~.4+gel p ~ r  ally ( c o n r a d ) :  
S M t t  * s ¢ l y  h o l p l t l t l  ~ g o d  . . . . . . . . . . . . . . . .  IJlJ* 1 %  $ | 0 ~  $10~ 1130 
S h a f t  - | U p  h o l p i t l l l - d  l l l b  | e d  . . . . . . . . . . . . . . . . .  IA m I ~  1117 I lA2  
S k i l l e d  t ~ r l i n  I f l C l l t t l l l ~ g l d  . . . . . . . . . . . . . . .  $3o 132 m $34 139 
S k i l l e d  n u r l i n |  f l c i l t t f e s - - d i s a b l e d  . . . . . . . . . .  ~ ILl, IIL $~8 J~5 

& W r l l i  lelXgth o f  l i l y  ( c o ~ r c d ) :  
Sho¢¢~ LiT M J p l t 4  l l ~ l o d  . . . . . . . . . . . . . . . .  | 2 , 6  1 1 , 1  1 1 . 7  11.2 t0.7 
~ h o r t  - i  l a y  ho lp l  ta Is -e l i jah led . . . . . . . . . . . . . .  IK~ I~ ~ 10.3 10,1 

( 1 )  I n c l u d e s  U . 5 .  a n d  a l l  o u t ] y i n  g a r e a s  s u c h  a s  P u e r t o  R i c o ,  G u a m  a n d  t h e  V i r g i n  I s l a n d s .  
(2}  E q u a l s  H I  f o r  d i s a b l e d .  

NA N o t  a v a i l l b l e .  
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$CC:IAL SF~CLJRI"I"~" ADMINISTRATION 

August 1976 

APPEiNDIX D1 

PART B !N'i~DLAF, Y LETTER NO. 76- 34 

SUBJECT: Announcement o f  the Economic Index App l i cab le  to  F r e v a i l i n g  
Charges for Physicians' Services far ~he Period July 1976 
Through June 1977 

In accordance with Public Law 94-368, the annual update of Hedlcare 
reasonable charge screens will no longer be related to the Federal 
Governmen~ fiscal year (FY), but will continue to be made on July I of 
each year. We will refer to this 12-month period beginning on July l 
as the fee screen year (FSY). This is to inform you that the economic 
index applicable ~o prevailing charges for physicians' serv-£ces for the 
period July 1976 threugh June 1977 is 1.276. Accordingly, carrier 
prevailing charge screens for physicians' services will be peroltted to 
increase for fee screen year 1977 in accordance wlr.h escablished reasonable 
charge methodology, but nnt mere thee 27.6 percent above flscal year 1973 
levels. Pursuant to section 2 of Public Law 94-368, the no-rollback 
prov i s i en  of  Pub l i c  Law 94-182, which provides that  p r e v a i l i n g  charges 
~£11 no~ be reduced belo~ FY 1975 l e v e l s  because o£ the a p p l i c a t i o n  of  =he 
e c o n ~ i c  index,  w i l l  remain in  fo rce  f o r  FSY 1977 end eubsequen~ years, 
An announce=ant of the applicable index Ims been approved by the Secretary 
of Heal th ,  Education, end Nelfara f o r  publication in the Federal  Resister. 

Public Law 94-368, enacted into law on July 16, 1976, besides establishing 
~hs July i through June 30 fee screen year and continuing the no-rollback 
provision (section 101(a) of Public Law 94-182), also provides that, for 
the 12-menth period beginning on July I, 1976, the annual up4ate ef 
prevailing charge levels shall apply to claims filed after June 30, 1976, 
wi:h a carrier and processed by the carrier af=er it has made ".ha 
ap=ronriate chan.~es In the prevai!!n~ charee bevels. Fence, adjustments 
retroactive to July i will not be made." The economic index for FSY 1977 
~'i!! also be applicable in the same =uanner, i.e., frc~ the tlme of ~he 
carrier's update forward. 

As you knee, the economic index ~:alculated each year consists of tC, ao 
c~ponencs reflecting (on a Cumulative basis) ~he changes thac have taken 
place since ca!e:~dar year 1971 in physicians' practice expenses and in 
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general earnings levels. With the exception of malpractice insurance 
pre=nlum data, the data that have been used to calculate the economic 
index (see attached chart) were derived from The Monthly Labor Revl~ 
published by the U.S. Department of Labor. For example, the Bureau of 
Labor Starlstics index for nonsupervlsory workers In finance, insurance, 
and real estate was used as a reasonable approximatlon of wage ~renda 
for persons employed by physicians. For office space, the housing 
component of the Consumer Price Index (whlch includes data on restate 
as well as COSTS of home ownership, data on utilities, and other 
corresponding data) was used.  For drugs and supplies, the drugs and 
pharmaceuticals component of the Wholesale Price Index was used. For 
physicians' automobile expenses, the private transportation component 
of the Consumer Price Index was used. For miscellaneous "other expenses," 
~hlch include attorneys' fees, travel, food and lodging ~hile away from 
home, and many other items, the entire Constm~er Price Index was used. 
The welghns assigned to the various components of the index vere derived 
from Hedlcal Economics (December 8~ 1975) and from r.he Profile of 
Medical Practice (1974 editlon). 

When the economic index limitation on increases in prevailing charges 
for physicians' services was implemented under Medicare in fiscal 
year 1976, it was expected that ~he methodology for oon$cructlng the 
index  would be r e f i n e d  over  t ime .  The changes c o n s i d e r e d  i n  t h i s  r egard  
have included adjustments for reglo~al differences in cost increases, 
and adjustments f o r  d i f f e r e e c i a l  p rac t i ce  costs among s p e c i a l t i e s .  However, 
l ack  of a s u f f i c i e n t l y  r e f i n e d  d a t a  base  on p h y s i c i a n s '  p r a c t i c e  cos t s  
has, so far, precluded ~hese changes. 

The only substantive change in the methodology for computing ~he economic 
index for the 12-month period beEinning in July 1976 is the inclusion of 
a separate element to reflect the effect of maloractlee insurance oremlum 
i n c r e a s e s  on p h y s i c i a n  o f f i c e  expenses .  (Previously, m a l p r a c t i c e  i n s u r a n c e  
c o s t s  were i n c l u d e d  in  the m i s c e l l a n e o u s  expense c a t e g o r y  of  o f f i c e  p r a c t i c e  
cos ts . )  The c~roponen~ of  ~he i ndex vhich measures :he r i se  in  ~alpracCice 
i n s u r a n c e  premiums i s  based on a su rvey  of the premi t~s  charged in  46 S t a t e s  
by s i x  major  i n s u r e r s  who, c o l l e c t i v e l y ,  w r i t e  about  70 pe rcen t  of a l l  
m a l p r a c t i c e  i n s u r a n c e  in  the U n i t e d  S~a~es and thus p r o v i d e  a r e p r e s e n t a t i v e  
sample of m a l p r a c t i c e  premium r a t e s  n a t i o n v i d e .  I t  p r o v i d e s  a measure o f  
the p e r c e n t a g e  i n c r e a s e  i n  the premiums in  ca lendar  yea r  1975 over  1974. 
( R e l i a b l e  s e p a r a t e  da ta  on m a l p r a c t i c e  insu rance  c o s t s  f o r  e a r l i a r  pe r iods  
a re  not  a v a i l a b l e . )  

To accoe~nodate the  l a ck  of p r i o r  ( s e p a r a t e )  da ta  on n m l p r a c t i c e  i n su rance  
c o s t s ,  the  o t h e r  components of ~ne index  have been computed on an annual  
b a s i s  to  r e f l e c t  the  changes in  t h e s e  componen~ in  1975 over  1974. The 
c a l e n d a r  yea r  1974 da t a  used fo r  t h e s e  components i n  the  c a l c u l a t i o n  of  
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the economic index, in tu rn ,  r e f l e c t  the cumulat ive increases since 
calendar year 1971. Therefore (except for the malpract ice insurance data) ,  
the economic index (1.276) for  the 12-month period beginning in Ju l y  1976 
r e f l e c t s  the cumulat ive change in the components of the index since 
calendar year 1971, as [s intended by sect ion 1842(b)(3),  as amended by 
Fabl ic Law 94-368, o f  the Medicare s ta tu te  and by sect ion ~0S.504(a) (3 ) ( t )  
of  the regulaclona. 

Also, so~e of the calendar year 1974 dace used reflect tnformaclon chat 
became available from the Bureau of Labor Statistics after the economic 
i ndex  for  f i s c a l  y e a r  1976 ( 1 . 1 7 9 )  was c a l c u l a t e d  l a s t  y e a r  and put  i n t o  
e f f e c t .  The economic index  fo r  a p a r t i c u l a r  p~r lod  must n e c e s s a r i l y  be 
calculated on the basis of the best information that Is available at the 
time the calculaclon ~s made and put into effect. Therefore, ~he adjusted 
d a t a  have been used to  c a l c u l a t e  ~he economic index f o r  the  p e r i o d  
July  1976 through June 1977 in order to provide the most accurate 
calculation that is possible at thls time of the changes that have taken 
place in the components of ~he index since the base year (calender year 1971). 

In view of the urgency of this activity, we request that you take all 
necessary actions, including appropriate regional office approval, tO  

update the reasonable charge screens no later than September 27, 1976. 
Please note that the updatieg of the screens must be in accord with 
previously issued instruct!non, including Part B Intermediary Letters 
No. 76-30 and No. 76-31. 

crh ./  > 
\ ~ o : n a s  M. ' I K e r n e y , - ~ I r e c t o r  

Bureau of Health Insurance 

Attachment 
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APPJ~DIX [ 

PART lJ INTEK::EDII~RY LETTE,q NO. 77-24 

SUEJECT: Annual Reasonable Charge Update - Economic Index Applicable 
to Prevailing C.bargcs for P.bysici~ns' Sec4ices for the 
Period July I, 1977, T.hrough June 30, 1978 

~hls inter~edlar~ letter is to inform you that the ec~no~ic index 
applicable to prevailing chaises for physicians' se-~'~ces for the 
period July 1977. t.~-ough June 1978 will be 1.357 (i.e., 35.7 percent 
above fiscal gear 1973 levels) . This econc~.lic index 5or the 
12 non'3.bs ~-~'inning Jul~l i, !977, re~--esents a J.35 ~c6n~ increase 
over the econa~ie index" (1.276) used for the previous 12 ~onths. 
Earriers will therefore use a i.0635 figure where an annualized 
index ~s applied in accordance ~:ith Part "B l.:edieare Carriers Manual 
section 5020.3C3. All carriers should, in accordance h, i th the 
established reasonable c.harge met_bodology, cca:inue t~ develop up- 
dated custc~ar 9 and prevailing charge screens for fee screen year 
~97~ base4 on calen_;ar ~lear !976 charge data, End implement the 
indicated econc~nic index limitation on prevailing charge increases. 
F.~ request that 9ou take all necessary actions, inclDiing regional 
office approval, to update the reasonable charge score_he on July l, 
1977. 
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PAKT B IGTEr='.EDIAi:Y LETTER i ;O. 78-23 

SUBJECT: Annual Reasonable Olarge Updcte - Economic Index Applicable 
to Prevailing Charges for Physicians' Services for the 
Period July I, 1978, Through June 30, 1979 

~ i s  in te rmed ia ry  l e t t e r  i s  to  i n f o rm  you t h a t  the economic index  
app l i cab le  to p r e v a i l i n g  chargea fo r  p h y s i c i a n s '  se rv i ces  f o r  the 
period July 1978 through June 1979 will be 1.426 (i.e., 42.6 percent 
above fiscal year 1973 levels). This economic index for the 
12 months beginning July I, 1978, represents a 5.08 percent increase 
over the economic index (1.357) used for the previous 12 months. 
Carriers will therefore use a 1.0508 figure where an annualized index 
is applied in accordance with Part B Medicare Carriers Manual 
section 5020.3C3. All carriers should, in accordance with the 
established reasonable charge methodology, continue to develop updated 
customary and prevailing charge screens for fee screen year 1979 based 
on calendar year 1977 charge data, and implement the indicated economic 
index limitation on prevailing charge increases. We request that you 
take all necessar~ actions, including regional office approval, to 
assure a timely update of reasonable charge screens. 

Thomas M. Tlerney, Director 
}ledicare Bureau 
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THE PRICING OF MEDI GAP CONTRACTS 

By Emil J. Strug 

REVIEWED BY Robert F. Bartik 

I feel the apprDach used and described in the paper to be very 

useful. The author covered the specific subject of using 

primarily external data t o  produce a composite claim cost for a 

mixture of coverages for an older age population very well. 

I will make a fed comments regarding individual items directly 

related to the paper and then continue to pursue the general 

subject of mating a Medicare supplement type plan, extending into 

a few areas not eovemed by this paper. As we apw~_eehed this 

problem ourselves a few years ago, we also tackled many of 

the items referred to in the paper. At that time some of the 

external data referred to was not available, but I would feel a 

strong inclination at this time to pursue an adoption of much 

of the procedure presented here. 

Howevem, as we advanced further in our research on the subject, 

we were soon led to the conclusion that for the type of co,,t~ct 

we finally decided upon, that the subsequent considerations l:moved 

to be of such a significant character, in z~egard to determination 

of final mate level, that furthem sophistication at that time 

in regard to this aspect of the detail would not have great impact 

on that final determination. 

The extreme costs of medical came foe the aged strongly influenced 
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eslployers when they tried to include retirees or even active 

employees over 65 in1:o group health plans. Ther~_for~e, what 

could have been a natural relief mechani~a for the problem 

did not hold and increased the bind the aged were caught in, 

producing even greater pressure for the passage of Medicare. 

The tables showing the impact of the Medicare Program on the 

population am hombus in themselves, but an even more compre- 

hensive study (showing more horrendous results) ~ay be found in 

'~Ten Years of Medicare: Impact on the Covered Population" (SSB 

July 1976, pp 3-21). Table 20 (page 18) of that source puts 

Table 1 of this paper in better perspective in that it gives 

not only percentage, but per capita dollars, and in that the 

record of the insurance industry is set out by itself. 

The third of the major elements of cost should take into account 

the "Reserve Days" under Medicare. It may be that this is ac- 

counted foe elsewhere, but I was not able to discover it. 

The Part B ooinsurance in the plan depends on actual Medicare 

allowances. There has been a definite trend toward Medicare 

allowing a lesser and lesser percentage of actual charges by a 

process of charge screens~ the adjusi~ent of which bare not even 

come close in recent yeaz~s to matchinK the increase in level of 
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actual charEes of the medical industry. Accordingly, o~ trend 

on this puz'tian of the coverage is not based c~ the factuz,s in 

the intermediary letters (Appendix D) but on either the CPI or 

on the SSB tabulations of Part B charges. 

The author has int~duced a significant variety of curve fitting 

of the data fcm purposes of projection and has selected the 

process of averaging these results for the final answem. I 

suspect that  i f  one were to  atte~rt a ,~L= sophisticated analysis 

o f  these procedures over time, s i gn i f i can t  refinements would be- 

come apparent, such as a weighting of the curves under various 

circumstances and the total elimination of some, with even the 

possible emez,gence of a best single curve, producing better results 

than any composite. 

Once the basic data has been detezmd.ned~ the process o f  using i t  

to  produce the estimated pametems entering in to  the subsequent 

steps is very well displayed, explained and easy to follow. The 

subsequent steps of modif~ng and tieing together the estimated 

parameters to pr~x~uce the sepamate pieces of the total claim costs 

is also handled very well and easy to follow. The final s~mar7 

of the separate pieces into a consistent whole total is a neatly 

laid Out summary, totally contained within the single Exhibit 15. 

Actually there are ~any different policies on the market offering 
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some degree of supplementation of medicare benefit, s and even those 

that tend to offer in effect full supple~_ntation, there are dif- 

ferences. There are also some differences between the typical 

contrect offered by the "Blues" as opposed to those offered by 

other comapnies. A very significant difference between policies 

is referred %o lateP in this review. Therefore, I would like To 

have had included a more detailed outline of the policy coverages 

and provisions referred ro in the paper. 

- 645 - 



One additional major factor involved in the final rate structure 

is the decision regarding rate relstivities by age. Altho~.h the 

claim costs for the senior citizen classifications is significantly 

higher than under 55, the~e are significant diffez.eslces by age 

within the classification itself, easily rsngin~ up to two and one 

half to thee times the cost in the higher age brackets (depend- 

ing upon where one decides to establish an "all over age" bracket) 

vs. the 65 to 69 bracket. Therefore, a rate derived for the 

corMDosite of the classification derived fzoJn the popul~3tion date 

of the classification will reflect the age distl~ibution of that 

population, but can conceivably att~ct a much different distri- 

bution of insu~eds by age, very likely including most of the older 

individuals but a significantly lesser pz~opoz'tion of those from 

65  t o  69 .  

Anothem major factor in the rating of this block of business in- 

volves a high prop~tion of business bein~ marketed with level 

rates even when separate classifications by age are used. Theme- 

fore, significant attention must be paid to the persistency 

expectations and although one can take fz~n a claim standpoint at 

least a conservative approach, and assume only normal mortality, 

it is highly likely that a significant portion of insumeds do not 

continue with the Ix)licy selected for" their entire r~naining life 

span, and as a result, such a conservative approach, althou~ 
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ecmm~dable from a safety standpoint, will undoubtedly produce a 

totally rm-c~mpetitive rate in the marketplace and produce zero 

business from which to he even able to determine its adequacy. 

Interestingly, although interest assumptions could also prove a 

significant factor, the net effect tends to be significantly re- 

duced because of the dramatic drop off in persistency, if for no 

reason t h a n  mor~tality, thereby lessening the major effect of the 

increasing claim cost by age and its effect upon the investn~nt 

income. 

One significant aspect of this type of policy marketed to senior 

citizens who are already at the age where they have or soon will 

have significant continuing medical p~obless, is the fact that it 

is usually written with minimal or no under~iting, that is, in 

effect a mass marketing type operation. An atte~npt is made to 

offset the effects of this through the use of preexisting condition 

clauses with time limitations, ranging flu. a few months to two 

years. The variation of expected results from this clause can vary 

dramatically. The primary effects of the clause are to set up a 

screening device which will deter the poorest risks f~,. selecting 

this particular policy and (especially in this particular marketplace) 

from transferring from an existing policy to a new one. 

In addition, there is a direct claim cost savings fr~n the non payment 
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of expenses during the preexisting period. However, there is a 

significant limitation upon this since the preexisting clause 

does not totally and indefinitely exclude continuing conditions. 

That is, once the time interval has passed, medical expenses from 

that point on fer an already existing disability become payable. 

Ther~efc~e, there is a si~ificarrt question regarding the de~ee of 

effectiveness of the provision and the CCmDetitive situation has 

produced a relatively short time interval common on this particular 

fo~, normally three to five months. Since little data is 

available regarding the value of such clauses even of longer dura- 

tion and on younger populations, for the circumstances of short 

duration and older populations it is virtually non-existent. The 

expected claim costs can easily be double that of an under~a- i t ten  

o r  even popula t ion  block w i t h  zero p r e e x i s t i n g ,  which w i l l  hope fu l ly  

r ange  down to  equa l i~y  o f  expec ted  c l a im  c o s t  a t  some po in t  n e a r  

two y e a r s .  

The significant question is, what is such a value f~ say, five 

months preex/sting. It is my feeling that this is still a rather 

significant and elusive figure, but in any evemt, the primary need 

is for the proper factol ~ to use in dete~dning the p~mnitml to charge 

for this coverage. In any event, ~ are in the process of acc~ma- 

lating experience data under this forth which will answer many of 

these questions directly at least as a composite of the structure 
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we ape using. At that time a pr~xzedume such as this will be 

essential to keep pace with the changing conditions, both of 

the ecorzmny and the legislations as well as its implementation. 
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IS ECONOMETRIC MODELING OBSOLETE? 

Econometric models are widely used to forecast economic events. A 

number of macroeconometric models are well known, including those 

of the Wharton School, Chase Econometrics, Data Resources, Inc., 

and the Federal Reset ve Bank of St. Louis. Less imposing models 

are cropping up in all walks of life. The Insurance Services 

Office (ISO) is studying the application of econometric models 

to actuarial problems. Because of the effect these models have 

on our lives through government planning, and because of the possible 

effect they may have on OUr livelihoods if they become standard 

actuarial tools, it is wise for us to understand What econometric 

models are, why they are increasingly popular, and why they may 

be only a precursor of even more dramatic changes to come. 

For the purposes of this paper an econometric model is a mathematical 

representation of economic relationships using linear equations. 

A model may consist of one equation or of many. As an example 

of a model with one equation, one might represent the relationship 

between bodily injury loss costs, wages and medical prices using 

- C • W t + C • M t Yt 

where 

Yt = Average Claim Size for Bodily Injury Claims at 
Time t 

W t - Wage Index at Time t 

M t = Medical Index at Time t 

C 1 , C z are constants, usually set to reflect historical 
data about Y, W and M 
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In an econometric model the dependent variable (such as average 

claim size) and the independent variables (such as wages and medical 

costs) are represented by time series. These time series are 

usually observed values taken at regular intervals over time. 

The variables may also be the changes in time series, in either 

absolute or percentage terms. 

Econometric modeling, therefore, refers to a particular way of 

describing economic relationships. Econometrics, on the other 

hand, refers to the broader arena in which quantitative methods 

are applied to economic problems. All of the techniques discussed 

here are within the field of econometrics, and all are models. 

The term "econometric model," however, commonly refers only to 

the type of model described above. We will continue that co~on 

usage here. 

HISTORY 

Paul Samuelson (12) has traced the history of macromodels for 

over 40 years. Macromodels are models which attempt to encompass 

all of the major relationships in a particular economy. Although 

the earliest model cited by Samuelson was the effort in 1932 by 

Ragnar Frisch, Samuelson says that Jan Tinbergen's model of the 

Dutch economy in 1935 was the "fountainhead and source." Macromodels 

were used in the 1940's to describe and prescribe wartime and 

post-war development and planning. Today's major macromodels 

Were begun in the 1950's and 1960's and revised as theory and 

conditions changed. 
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Simpler models, like the model of average claim size given above, 

have an even longer history. These models are applications of 

linear regression. Linear regression methods date back to the 

turn of the century. 

Quite often these simple econometric models rely heavily on the 

relationship between the dependent variable and a measure of time. 

This is done because the dependent variable cannot be forecast 

until the independent variables have been forecast and any errors 

in the forecasts of the independent variables will affect the 

forecast given by the model. This error problem doesn't exist 

if time is used as the independent variable. On the other hand, 

forecasts of various economic indices have become more readily 

available during the 1960's and 1970's. As a result, simple models 

based on these indices have become more popular in the past few 

years. 

Simple econometric models have been advocated and employed by 

casualty actuaries during the 1960's and 1970's. Masterson (8) 

set forth a number of claim cost indices in 1968. He has periodically 

written about these indices to keep them up to date. They are 

weighted averages of various published cost indices. The weights 

are set by judgment, not by regression (least-squares) techniques. 

Finger (i) has suggested various mathematical models of loss costs 

for which the parameters were to be found by a method of least 

squares. He suggested as an independent variable a sort of operational 

time (fraction of claims closed) as well as time itself. 
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In 1974 Lommele and Sturgis (6) published models of aggregate 

premium and loss statistics for workers' compensation. They used 

a conceptual framework in which the independent variables were 

time series taken from macroeconomic models and insurance industry 

statistics. Time was not one of the independent variables. Parameters 

(the ci's in the average claim cost model above) were found by 

a least squares method. This approach is being pursued by the 

ISO as a possible ratemaking step for some lines of insurance. 

The papers by Masterson and Lommele and Sturgis are now listed 

in the Recomendations for Study for the examinations given by 

the Casualty Actuarial Society. 

ADVANTAGES 

Econc~netric models have a number of advantages over less mathematical 

forecasting methods. Arthur M. Okun (10} listed the following 

advantages in his discussion of macromodels: 

i. The objective framework permits the organization of a 

team effort with a division of labor. 

2. The mathematical interrelationships in the model result 

in a consistency among the component elements of the forecast. 

3. The reproducibility of the forecast permits the model 

user to conduct a post mortem analysis to identify the 

causes of poor predictions. 

4. The objectivity of the forecast is itself desirable. 

5. Because the steps leading to the forecast are documented, 

the model provides for a cumulating of knowledge. 
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6. The models are labor-efficient because a computer can 

be used for the routine calculations. 

The ISO suggests that its simple models have at least the following 

additional advantages: 

I. They should produce better forecasts than other techniques 

because they are more sophisticated. 

2. The objectivity of the forecasts should make them more 

acceptable to regulators. 

3. The use of non-industry data should lead to: 

More credibility to the layman 

A more defensible explanation of cost changes 

Earlier warning of turning ~x~ints in the time series 

being projected 

Greater accuracy because the non-industry data is 

generally more current than data about losses. 

SUCCESSES AND FAILURES 

Econometric models have disadvantages as well as advantages. 

The history of econometric models includes ~x~th successes and 

failures. 

Sophisticated macromodels have had their share of successes and 

failures. As Samuelson noted, "The famous consensus forecast 

by government economists of great post-war unemployment did not 

advance the prestige of the method." The simultaneous increases 
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in inflation and unemployment in 1975 and 1976 (and perhaps late 

1979) are not explained by the major macromodels. Samuelson cites 

a study by Robert Adams of the accuracy of different methods of 

forecasting the national economy. In Adams's words, "being Sumner 

Slichter" was apparently better than using any econometric ~odel. 

The simpler models now being advocated in actuarial circles have 

had an even more dismal past. Discussing the models of the U.K. 

Treasury and Britain's National Institute of Economic and Social 

Research, Ramsey (ii) noted that the models showed "no tendency 

to improve over time." These models were characterized by their 

simple assumptions, by stable patterns in the data over time, 

and by the use of simple trend relationships. (Ramsey contrasted 

them to macro~odels in the U.S. and the Netherlands. These, he 

said, tended to improve over time as they became more complex 

and began to reflect dynamic interrelationships.) One prediction 

by a member of the Academy will illustrate the dramatic way in 

which these models have sc~etimes failed. 

TO preserve the anonymity of the actuary, hypothetical data will 

be used here. While the actuary forecasted several time series, 

we shall forecast only one in our example. The actuary had a 

time series (dependent variable) over a period of 24 months. 

He assumed that the dependent variable grew exponentially over 

time. He used a linearized regression model to project the values 

for a total period of fifteen years. (A linearized regression 
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model has the form inY = a + bt.) The regression is shown graphically 

using hypothetical data in figure I-A. Note that the statistics 

of the regression indicate a good fit. 

The alternative models shown in Exhibit I also fit well. Unfortunately, 

they lead to radically different forecasts. The indicated range 

for the predicted values at the end of 15 years is from about 

200 to abeut 200 billion. This is because of the length of the 

forecast period. Clearly all three models are inappropriate because 

the month-to-month changes in the dependent vat iable tell us practically 

nothing about the changes that will take place in future years. 

Similar poor results have been coted in forecasts of medical malpractice 

costs. I was once part of a three-man team making actuarial projections 

of the average loss cost per doctor (pure premiums) in a particular 

state. The projections were made in late 1975; accident year 

1976 was being forecast. Sixteen policy years of data were used. 

Models similar to those described by Finger were applied. The 

various models projected pure premiums of $7,000, $14,000 and 

various amounts in between. Again modeling failed to provide 

a useful prediction. At least in this case the indicated range 

was useful. 

The track record of econometric models suggests that they cannot 

be relied upon to produce useful predictions~ some expertise must 
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be applied to the results of the model. As Okun put it, "In fact, 

virtually nobody takes economic forecasts straight out of a model 

really seriously as the sole guide to a forecast of the near-term 

future. Quite apart from filling in the exogeneous variables, 

every model builder or model user has to adjust equations." 

Both Okun and Samuelson regard the forecasts from models as references. 

Again in Okun's words, ". . . the model as a forecasting device 

is not an alternative to judgment. It is not a product in and 

of itself. It is a tool in the hands of a trained economist." 

D TSADVANTAGES 

There are several reasons why econometric models can produce poor 

forecasts. First, they require accurate projection of the exogene- 

ous variables. Exogeneous variables are those which the model 

itself does not attempt to predict. In our simple example the 

exogeneous variables were the wage index and the medical cost 

index. The projection of average claim cost can be no more accurate 

than the projection of wages and medical costs. 

Second is the index-number problem. Practicable econometric models 

must incorporate data about the real world in summary fashion. 

The price of every type of consumer good cannot be fed into the 

model because the number of cons~er goods that can be distinguished 

from one another is practically beyond enumeration. Instead, 

the prices of a few representative goods are measured. These 
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com!ponents are then combined using some weighting scheme. All 

the components of an index must be moving the same direction at 

the same rate, and the weights must he constant and appropriate 

at all times, or the index will not accurately measure the "average" 

it purports to represent. It should be clear that no index can 

in practice pass these tests. This tautology - that index numbers 

are necessary abstracts that cannot be accurate representations 

of costs - is called the index number problem. 

The third source of error is that the wrong variables might be 

included in the model. This includes the possibility of leaving 

out the right variables. In the example of the 15-year forecast 

described above, it is clear that the actuary left out some impor- 

tant considerations about long-term changes when he made his 15-year 

forecast. In ratemaking problems it is especially hard to know 

what variables to include. For example, should the Consumer Price 

Index be used in rating Homeowners insurance because some Homeowners 

losses involve consumer goods? Statistical tests can tell us 

the probability that we will err by removing a certain variable, 

but no test can tell us if we have included the right variables. 

The fourth source of error is that the variables might be interrelated 

in the wrong way. We may assume that simple relationships are 

stable, when in fact they are changing. Or we may choose the 

wrong relationship. There are many to choose from, even if there 

are only two vat iables and the dependent variable (Y) is an increasing 
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function of the independent variable (X). For example, the following 

relationships (and others) ace sometimes used: 

b 
Yt = a + bX t Yt " aXt 

Yt = a + b Xt Yt = a + xtb 

Yt " abXt Yt = a+ bX: 

Yt = a + bXt_ 1 - etc. 

6Y t = a + b~X t - etc. 

AY t ~X t 
-- = a + b - etc. 
Yt 

This picture is further complicated when there are two or more 

independent variables. 

In this respect, econometric models have been criticized sharply 

for their inability to deal with the interrelationships of the 

real world. According to Forreeter (3): 

"Our social systems belong to the class called multi-loop 
nonlinear feedback systems .... 

"A great oomputer model is distinguished from a Ix)or one 
by the degree to which it captures more of the essence 
of the social system that it prestunes to represent. Many 
mathematical models are limited because they are formulated 
by techniques and according to a conceptual structure 
that will not accept the multlple-feedback-loop and non- 
linear nature of real systems." 

System dynamics may provide a way to make models more realistic. 
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Also, econometric models rarely predict the sudden changes that 

can sometimes occur. It would be difficult to conceive of an 

econometric model that would have accurately predicted Iran's 

GNP in 1979, even from a vantage point in early 1978. Another 

approach, called catastrophe theory, may be useful for predicting 

sudden changes. 

SYSTEM DYNAMICS 

System dynamics is a way of mathematically describing the components 

of a complex system so as to focus attention on the pressures 

that build up in the relationship between the components. AS 

an example, consider a simple process of exponential growth in, 

say, premium. An econometric model would view exponential growth 

as a relationship between premium and time: 

Pt = abt 

System dynamics would view this as a relationship between premium 

at a particular time t and premium at an earlier time: 

Pt = b • Pt-i 

In this elementary example the econometric model and the system 

dynamics model would both give the same answer. In practical 

problems this will not generally be the case. 

Once we have removed the limitations on the model relationships 

that are inherent in econometric rDodels, many economic and social 
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systems can be modeled more realistically. System dynamics provides 

for non-linear feedback mechanisms in the model. We shall refer 

the reader to Forrester (3, 4, 5) for a large number of examples 

and a detailed explanation of why this is so, but a simple example 

from insurance will illustrate the point. 

We are all familiar with the presence of underwriting cycles in 

our business. Most students of the cycles have observed that 

losses are growing at a relatively steady rate, while fluctuations 

in premiums produce most of the cyclical effect. Stewart (13) 

has explained the mechanisms involved: 

"Like farmers, insurers meet a fairly constant demand for 
what they sell. Even more than farmers, they can vary the 
amount they sell rather finely and quickly. Later on they 
may not like what was done with prices, underwriting and ~o 
forth - any more than farmers like what happens to their prices 
when they all plant fencepest to fencepest. But the decision 
to change supply can be carried out .... 

"For the main lines of insurance and for the industry as a 
whole, we can call the turns in the underwriting cycle quite 
reliably two years in advance .... 

"Even when warned, the individual insurer is trapped. He 
can only lower prices in advance if willing to smooth the 
cycle by giving up profits before the top. He can only raise 
prices in advance if willing to give up customers before the 
bottom. Either one is asking a lot of human nature and even 
of good business sense." 

Econometric models (in the common use of the term) cannot deal 

with this behavior. System dynamics is specifically designed 

to deal with feedback mechanisms like this. The propensity to 

raise supply when reports of profits are received and reduce the 

supply when reports of losses are received is a feedback mechanism. 
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The feedback loop for the underwriting cycle is shown in Exhibit II. 

AS the supply of insurance is increased faster than the demand 

grows, profit falls. When current profits are falling from black 

ink to red, insurers have the maximum accumulated profit. This 

is one pressure to reduce rates. As losses cut into accumulated 

profits, the insurer's capacity is reduced and it begins to restrict 

the supply of insurance. Restrictions are tightest when accumulated 

profits are at a minimum. An accurate model would also reflect 

the effect of financial reports showing unprofitable underwriting 

results, and perhaps the current practice of using five years' 

of trended data in a standard rate filing. 

Models that allow for negative feedback predict that cycles will 

occur. In general, the response to a stimulus will be greater 

than is needed over the long term, and the system will overshoot 

its best long-term values. It will then respond to this error 

by overshooting in the other direction. The results will be patterns 

llke those in Exhibit III. Exhibit III shows the patterns in 

theory and an example from medical malpractice. 

It is important to contrast this type of model with econometric 

models. The model for ~rkers' compensation written premium suggested 

by Lommele and Sturgis was: 

WPR~4 t ffi 289,184 + 5,687.23(WAGEt)(PCt)(RA'rEt)(~Dt) 

where 

WPR~4 t = Written premium in year t. 
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WAGE t = Wages and salaries disbursed in billions of dollars in 

year t. 

PC t = Percent of the work force covered by workers' compensa- 
tion in year t. 

RATE = Average countrywide rate level index in year t for 
t workers' compensation including law amendments. 

WO = A wage offset calculated to reflect the effect of pay- 
t 

roll limitations for year t. 

Clearly this model does not explicitly include any provision for 

changes in the supply of workers' compensation insurance. This 

is not merely a peculiarity of the model suggested by Lo~ele 

and Sturgis, but is a characteristic of the type of model conmlonly 

meant by the term Ueconometric model." As Ixmmnele and Sturgis 

point out, future values of RATE t must be supplied by the analyst 

and are not produced by the model itself. The analyst can reflect 

in his estimate the effect of past values of RATE t, but this is 

beyond the scope of the model. System dynamics is designed to 

bring these considerations within the scope of the model so they 

can be made explicit. 

The history of system dynamics illustrates the major advantages 

and disadvantages of the approach. The first applications were 

in the physical sciences. The distance from the Earth to the 

Sun is the result of the effect of a feedback mechanism (the law 

of conservation of energy) on the movement of the Earth. This 

distance varies regularly as in curve C of Figure II-A. Radio 

squeal, the high-pltched sound one hears when changing stations, 
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is the result of explosive negative feedback as in Curve A of 

Figure II-A. The Automatic Frequency Control on FM radios is 

an example of a damped cycle, llke that of Curve B. Fluctuations 

in the radio's tuning are damped out by this circuit. System 

dynamics obviously works well when the real world can be modeled 

accurately. 

The first applications to economic problems were for manufacturing 

firms. Inventories, employment levels, orders in process, rates 

of delivery and other variables were successfully modeled using 

system dynamics. The success was less complete than it had been 

for physical systems, of course. It was more difficult to identify 

the correct interrelationships in the industrial firm. Nonetheless, 

interviews often developed the necessary information about why 

orders were placed, why people were hired for overtime or lald 

off, and so forth. According to Forrester (4), this application, 

called industrial dynamics, has been generally successful. 

System dynamics has also been applied to the economies of several 

cities, to the production sector of the U.S. economy, and to the 

world economy Ic.f. Forrester (3), Mass (7) and Forrester (5)). 

These applications have been useful in identifying the counter- 

intuitive behavior of social systems. For example, in a discussion 

of urban dynamics Forrester (3) observed, "To try to raise quality 

of llfe without intentionally creating compensating pressures 

to prevent a rise in population density will be self-defeating." 
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Nonetheless, system dynamics has been much less useful in producing 

practical recommendations for such social systems than for industrial 

systems. 

The major reason for this lack of success appears to be that the 

predictions of the models are sensitive to the assumptions of 

the model. Also, the limited experience of the builders of systems 

dynamics models has not been enough to develop a set of assumptions 

with which most planners will agree. Forrester (3), for example, 

appears to assume that an increase in the quality of life will 

lead to an increase in population, if all else is equal. Yet 

many demographers have observed social systems in which a rise 

in the quality of llfe was associated wlth a decline in birth- 

rates to replacement levels or below. Another assumption that 

Forrester (3) made in his study of world dynamics was to include 

medicine and public health as a part of industrialization. At 

the same time, he assumed that increased industrialization would 

lead to increased pollution and, in turn, to a decline in public 

health. It is unlikely that an increase in medicine and public 

health would directly increase pollution and ill health. 

Second, the model framework for system dynamics predicts only 

a few types of sudden responses. Other types of sudden responses 

may take place that cannot be modeled using system dynamics. 

These have been more accurately modeled using catastrophe theory. 
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In spite of the shortcomings of several recent applications, system 

dynamics models are better than econometric models in certain 

circumstances. One major area of use is in modeling parts of 

the insurance business that are characterized by negative feedback 

mechanisms. Underwriting is one example; insurers tend to increase 

the supply of insurance when they are receiving feedback that 

their capacity is at an unusually high level even though the result- 

ing new business may be unprofitable. This happens for individual 

lines such as medical malpractice as well as for insurance in 

total. 

Also, system dynamics models may be mere useful than econometric 

models if they provide a more accurate abstraction of the real 

world. Models should teach as well as predict. If the liiited 

model structures of econometric models are not instructive, the 

more flexible structures of dynamic models may provide the desired 

insight. For example, the model Yt = abt may give the same prediction 

as the model Yt = bYt-l' but the latter may make the growth process 

more clear. 

CATASTROPHE THEORY 

Catastrophe theory is a mathematical model of some common types 

of catastrophes. For the purposes of this theory, a catastrophe 

is a special kind of event or result: an abruptly changing effect 

resulting Prom a continuously changing force. There is a catas- 

trophe in the making whenever the straw can break the camel's 
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back. An example from Zeeman (15), with due credit to Conrad Z. 

Lorenz, is of aggression in a dog. As Van Slyke (14) wrote: 

" .... It can be observed that gradually increasing fear 
in the emotional make-up of a slightly angered dog will result 
in only a slight change in that dog's behavior. (We assume 
here that the dog is not angry enough to attack.) This gradual 
change will continue until at some level of fear the dog will 
suddenly turn and flee; that is, the increasing fear will 
at some point cause a sudden change in the behavior of the 
dog. This special type of catastrophe is only roughly similar 
to OUr usual uses of the word. For example, bridge collapses 
and buffalo stampedes are catastrophes in either sense of 
the word; an outbreak of a contagious disease would not be 
a catastrophe covered by this theory." 

In catastrophe theory the dependent variable may be abruptly changing. 

The independent variables, on the other hand, are changing smoothly. 

In the case above, the independent variables were fear and rage 

or anger. An attractor is analogous to a dependent variable, 

but can include a whole set of behavior attributes. It is a stable 

or equilibrium state of behavior. For example, at a certain level 

of both fear and rage, the dog had one stable pattern of behavior: 

to stand snarling; or to flee; or to do something else. 

Van Slyke cites as an even clearer example Of an attractor an 

example Zeeman gives of tropical fish: 

"Some tropical fish exhibit territorial behavior, building 
nests, defending these nests from foes and using them as sanctuaries. 
A fish of this type, if foraging away from its nest, would 
flee from a larger fish. It would continue to flee until 
it reached an unseen boundary near its nest that we call its 
defense perimeter. Upon reaching the defense perimeter, the 
fish would turn and defend its nest. Similarly, a fish near 
its nest would defend that nest out to what we might call 
an attack perimeter. There is a pattern of behavior that 
causes the fish to turn and defend when it reaches the defense 
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perimeter and that causes the same fish to advance and attack 
so long as it stays within its attack perimeter. That pattern 
of behavior is an attractor. Although other behavior might 
be exhibited by the fish, the attractor is far and away the 
behavior that is most likely." 

Catastrophe theory can be illustrated with an insurance example. 

Consider the insurance or self-insurance of losses. A move to 

self-insurance often results in a rapid reduction of insurance 

premiums by 50% of more. AS the costs of using insurance to provide 

for losses increase with the growth of a business, the business 

is more and more likely to establish a self-insurance program. 

Usually the business will not establish the self-insurance program 

until well after the time that self-insurance becc~ues financially 

advantageous. Then it will keep the self-insurance program, even 

if the financial advantages diminish (perhaps because of a softening 

of insurance markets or a reduction in the size of the business). 

Catastrophe theory can be useful in describing situations having 

five particular qualities. First, a catastrophe exhibits behavior 

that has two likely states. In the case of self-insurance, the 

likely states are insurance and self-insurance. Second, a catas- 

trophe exhibits sudden transitions between these states. The 

transition to self-lnsurance takes place on one particular day 

when the amount of insurance is reduced. Third, in a catastrophe 

the place of the transition between the states depends upon the 

direction that the behavior is changing. For this reason, the 
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financial advantage required to begin a self-insurance program 

is less than that required to continue it. A fourth quality of 

catastrophes is that they lack a middle ground of behavior. Usually 

a significant self-insurance retention is taken, if any. The 

fifth and last quality of catastrophes is that a very small change 

in the initial conditions can result in a very large change in 

behavior. For example, Ifa business felt that the costs of insurance 

were great, a slight rate increase could trigger a move to self-insurance. 

If, on the other hand, the business had been satisfied with its 

insurance, the same rate increase (or the same resulting rate 

level) could produce no change at all. 

Econometric models, system dynamics models, and catastrophe models 

can be contrasted by imagining the ~x~sslble values of the dependent 

variable as points on a surface. Exhibit IV attempts to illustrate 

the major differences between the three approaches, without attempt- 

ing to provide any further explanation of theory. 

Exhibit IV-A illustrates the basic premise of econometric models: 

that things will continue to change according to some preordained 

pattern. Every movement in the independent variable produces 

a change in the dependent variable according to a preset relationship. 

The relationship is embodied in the surface shown in the exhibit. 

In system dynamics models, all of the variables are functions 

of time and of one another. Imagine a marble rolling along a 
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trough (see Exhibit IV-B). The height and sideways displacement 

of the marble, and the speed of the marble in each direction, 

are tied together in a relationship that does not change over 

time. In the case of a marble rolling in a trough, these factors 

are related by physical laws dictating that the total energy of 

the system is constant. If energy is removed fto~ the system 

(perhaps by friction), the marble's path will be a damped cycle. 

If energy is added (as a child pumps a swing), the marble's path 

will be an explosive cycle. Of course, economic models are much 

more complicated than this example. 

In catastrophe models, the dependent variable depends on the values 

of the independent variables and the past history of the system. 

The interrelationships are visualized as s folded surface. In 

the path shown in Exhibit IV-C, a catastrophic drop in the dependent 

variable has occurred when changes in the independent variables 

have moved the system over the edge of the fold (solid path). 

Had the independent variables changed "in s different way (dotted 

line), the same final values would have been reached for all variables 

without a catastrophic change. Also, the same values of indepadent 

variables can be associated with different values of the dependent 

variable, as illustrated by points A and B. Whether the dependent 

variable will be at A or B depends on the history of the independent 

variables. 
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Zeeman mentions uses of catastrophe theory in the fields of behavioral 

science, as indicated by these examples, and biology, physics, 

engineering and the development of a science of language. 

Catastrophe theory is new. Although it hasn't been used in insurance, 

it should be useful whenever the five qualities of a catastrophe 

are present. The field is so wide that examples come easily, 

e.g., the formation of captives and doctor-owned insurance companies. 

CONCLUSION 

Econometric models are useful tmels for actuaries. They can offer 

many advantages, especially when used as a tool in short-term 

forecasting. These advantages include their objectivity, which 

permits a division of labor, greater credibility with regulators, 

and cumulating knowledge; mathematical explicitness, which allows 

the analyst to identify the causes of poor predictions, efficient 

use of computers and a consistency among the elements of the forecast; 

and the use of non-insurance data, which provides more credibility 

with laymen, a more defensible explanation of cost changes, possibly 

earlier warning of turning points, and greater accuracy by reducing 

the analyst's reliance on immature loss data. Econometrics is 

not obsolete. 

Nonetheless, it is not the most sophisticated forecasting tc~l 

available. The best model is the one that best represents the 

relevant qualities and relationships in the real world. This 
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may be an econometric model. But in some problems it is impoctant 

to recognize that the variables are all interrelated, and that 

a change in one cuuses feedback to the others. In other problems 

it is important to recognize that catastrophic change can occur, 

and that the effect of the economic environment may depend on 

the history of that environment. In these cases, the more sophisti- 

cated models of system dynamics Or catastrophe theory may be better 

than econometric models. 

MOSt important of all, the models are just tools. Because they 

will always fail to recognize the complexities of the real world, 

they must be just a part Of the forecasting process, not a replace- 

ment for it. 
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Exhibit III 

Exhibit III-A. 

Typical Responses of Negative-Feedback Systems 
A 
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Cycles Can be Explosive (A), Damped (B) or Steady (C). 
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Exhibit III-B. 

3-Year Average Loss Ratios for Medical Malpractice, 1961-1977 
(One Carrier in One State) 

i i i J i i i i i i i i i i i i 

1961 1966 1971 1976 

Three-year averages are shown because the insurer's underwriting policy 
did not change as often as annually. Also, the small volume of losses 
masks this pattern if individual years are considered. 

- 6 7 8  - 



Exhibit ZV 

t 
' / 

! 
/ 

Dependent 
variable 

I/ndependent / Variable 

~V-A. Surface of Opportunities in Econometric Models 

..... 

L 

IV-B. Suzface of Oplx~rtunities in System 
Dynamic Models 

Dependent 
Variable 

~~ndent 
/ Vat iable 

Time 

I Dependent 
i"~" Variable 

7 . ~ . \  ~ e n d e n t  

Independent 
Variable 

IV-C. Surface of Opportunities in Catastrophe Theory 
- 679 - 



R~ENCES 

i. Robert J. Finger, "Modeling Loss Reserve Developments," PCAS 
LXIII, 1976, p. 90. 

2. Jay W. Forrester, "Changing Economic Patterns," Technology Review, 
August~September, 1978. 

3. Jay W. Forrester, "Counterintuitive Behavior of Social Systems," 
Technology Review, January, 1971. 

4. Jay W. Forrester, Prlnci~als of Systems, Second preliminary Edition, 
Wrlght-Allen Press, Inc., cambridge, Mass., 1968. (Distributed 
by M.I.T. Press, Cambridge, Mass.) 

5. Jay W. Porrester, World D~namlcs, M.I.T. Press, Cambridge, Mass., 
1971. 

6. Jan A. Lo~mnele and Robert W. Sturgis, "An Econometric Model of 
Workmen's Compensation," PCAS LXI, 1974, p. 170. 

7. Nathaniel J. Mass, "Modeling Cycles in the National Economy," 
Technolo~ Review, March/April, 1976. 

8. Norton E. Masterson, "Economic Factors in Liability and Property 
Insurance Claim Costs 1935-1967," PCAS LV, 1968, p. 61. 

9. Charles L. MoClenahan, "A Mathematical Model for LoSS Reserve 
Analysis," FCAS LXII, 1975, p. 134. 

I0. Arthur M. Okun, "Uses of Models for Policy Formulation," in The 
Brookin~s Model: Perspective and Recent Develo~mnents, Gary 
From and Lawrence R. Klein, eds., American Elsevier publishing 
Co., Inc., New York, 1975. 

ii. James B. Ramsey, Economic Forecasting - Models or Markets, Hobart 
Paper #74, Institute of Economic Affairs, London, 1977. 

12. Paul A Samuelson, "The Art and Science of Macromodels Over 50 
Years," in The Brookin~s Model: Perspective and Recent Developments, 
Gary Fromm and Lawrence R. Klein, eds., American Elsevier 
Publishing Co., Inc., New York, 1975. 

13. Richard E. Stewart, "Profit, Time and Cycles," address to the 
C.A.S., May 21, 1979. 

14. O. E. Van Slyke, "Catastrophe Theory," published in John B. Reid, Jr., 
"Fits and Starts," Best's Review, Life and Health edition, 
approximately February, 1977. 

15. E. C. Zeeman, "Catastrophe Theory," Scientific American, April, 1976. 

- 680 - 



IS ECONOMETRIC MODELING OBSOLETE? 

BY OAKLEY E. VAN SLYKE 

REVIEWED BY MICHAEL FUSCO 

Mr. Van Slyke's paper presents a discussion of econometric 

modeling in a fairly general way. I would have preferred to 

see more on possible specific applications to insurance pricing, 

especially with regard to the more sophisticated techniques of 

systems dynamics and catastrophe theory. 

But one can hardly disagree with Mr. Van Slyke's conclusions; 

namely: 

I. Econometrics is not obsolete. 

2. The more Bophisticated models of systems dynamics or 

catastrophe theory may be better than econometric models. 

3. Mode ls  a r e  just c o o l s ,  t o  be used  t o  enhance the  f o r e c a s t i n g  

p r o c e s s j  n o t  t o  r e p l a c e  i t .  

I would like to discuss these conclusions one at a time. 
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ECONOMETRIC MODELS 

Mr. Van Slyke's definition of an econometric model is "a mathe- 

matical representation of economic relationships using linear 

equations." This is accurate and the equation he cites relating 

wages and medical costs to Bodily Injury Claim Costs is a good 

example of such a model. 

However, later he refers to an example where the independent 

variable is related only to a measure of time. This, which 

we might recognize to be historical trend data fitted to a 

least-squares line, is too simple an example and I believe 

would not he considered by an econometrician to be an econome- 

tric model. The key element that is missing is an economic in- 

dependent variable. Time is often a parameter of the equation 

because we hope to use the model to forecast a value for a 

certain time period, but time cannot st and alone as the econo- 

mic independent variable. 

Mr. Van Slyke cites several advantages t o  the use of econome- 

tric models, but neglects to e ire disadvantages. His sub-heading 

"Disadvantages" should really be termed "Shortcomings of 

Econometric Modeling Techniques." Perhaps there are no real 

disadvantages, but I would hope one day an analysis could be 
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performed to determine if the benefits derived from econometric 

models have been worth the cost and/or whether the laymen really 

finds a model to be a more understandable explanation for why 

his insurance rates are increased. 

Mr. Van Slyke appropriately lists the reasons why models 

can produce poor forecasts - bad forecasts of independent 

variables, the index-number problem, wrong variables included, 

wrong equations assumed. There is no question that errors can 

and will occur; hopefully, by continually updating data and 

testing models, these errors can be minimized. 

I can't resist relating what the defenders of the Consumer 

Price Index have said on the index-number problem. It is not a 

problem with the index for the index is exactly what it purports 

to be. It measures changes in cost of a fixed market basket of 

goods. Rather, it is a problem with those (actuaries, economet- 

ricians, etc.) who choose to misinterpret the index. 

While the tone of Mr. Van Slyke's remarks seeras to imply that 

he is going to conclude that eeonomatrie modeling is obsolete, 

he does not and cites it as a valuable tool. I am not surprised 

by this conclusion, nor do 1 disagree with it, but almost wish 

he had rendered it obsolete to see what reaction this would 

have generated within the Casualty Actuarial Society. 
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SYSTEMS DYNAMICS AND CATASTROPHE THEORY 

Mr. Van Slyke concludes that these techniques may be better 

than econometric models. I can agree with this conclusion but 

put strong emphasis on the word "may." 

The description of situations that lend themselves to the 

application of catastrophe theory was clesrer to me than 

that given for systems dynamics. However, in neither case was 

I convinced that there is a real property/casualty pricing 

problem that can be solved through these techniques. Perhaps 

the reader can provide examples. 

Also, I wonder if the dividing line between econometric modeling 

and systems dynamics is a clear one. Econometricians who are 

making predictions of underwriting results are generally 

starting with given loss and expense ratios and making various 

assumptions on the future changes in losses, expenses and 

premiums. However, the econometrician may use a statistical 

model of rate level changes based upon the loss and expanse 

ratios of prior years. As a result, an interactive system is 

developed; underwriting ratios are used to predict rate level 

changes which ere used to predict underwriting ratios, etc. 
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This interactive set of models is common in large econometric 

models. Would Mr. Van Slyke consider these types of models 

econometrics or systems dynamics? 

Does the econometrician give any recognition to more or less 

restrictive underwriting patterns in his assumptions on loss 

changes? Does he include any consideration of a changing 

regulatory environment in his assumptions on price changes? 

Perhaps he does so more in a judgemental manner and less in a 

systematic manner than Mr. Van Slyke would want in order to 

call this systems dynamics. Nevertheless, I do not find the 

two techniques to be mutually exclusive. 

It would be a worthwhile exercise to check the advantages 

Mr. Van Slyke listed for econometric models against systems 

dynamics and catastrophe theory to see if they st£11 apply, 

Credibility to the laymen seams to be a tougher one to justify. 

Otherwise, we are forced to accept Mr. Van Slyke's conclusion 

on faith alone. I am willing to accept the surface area 

configurations on Exhibit IV, but have not accepted that there 

exists s property/casualty insurance product that looks like 

figure IV-C. 
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A TOOL TO ENHANCE FORECASTING PROCESS 

I am in complete agreement with Mr. Van Slyke in t h i s  area. 

He hopes that whatever models are used, they be instructive 

as well as predictive in nature. At times, plugging different 

assumptions into our equations tells us something new. The 

range of predictions can often reveal how sensitive our 

dependent variable is to a particular independent variable, 

of course assuming that our model itself is reasonably accurate. 

But as Mr. Van Slyke notes, the model itself often must be 

adjusted. This is not to say the ~odel is bad, but rather 

that it is an imperfect tool. In an econometric model ISO 

developed, the number of small cars on the road was used to 

reflect the magnitude of a collision. The first measure of 

this we adopted was an imported car ratio. However, as the 

number of small domestic cars increased, this measure became 

inappropriate and we switched to a measure of compact cars. 

This measure, too, was eventually discarded as the definition 

of compact cars changed. 
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The fact that models must be adjusted is not a reason for rejec- 

ting modeling techniques. Rather, it points out the need for 

careful construction of models and monitoring of their effective- 

ness. No one is suggesting that the model be used without the 

application of judgement. 

CONCLUSION 

In conclusion, I enjoyed reading Hr. Van Slyke'e paper and 

recommend it to anyone wanting a description of econometric 

modeling techniques. His contribution to the CAS literature 

should motivate readers to delve into specific pricing applica- 

tions. 
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INTRODUCTION 

The e s c a l a t i n g  i n f l a t i o n  o f  the  pa s t  decade spawned c o m p l a i n t s  abou t  

more than  j u s t  o v e r a l l  i n s u r a n c e  r a t e  i n c r e a s e s .  U n l l k e  most o t h e r  

p r o d u c t s ,  i n s u r a n c e  c o s t s  depend upon buyer c h a r a c t e r i s t i c s ,  so 

q u e s t i o n s  of  f a i r n e s s  have  n a t u r a l l y  a r i s e n  as some i n s u r e d s  were 

c o n f r o n t e d  w i th  four  d i g i t  au to  i n su rance  p r i c e s  a lon  8 wi th  d o u b l e  

digit inflation. "Affordability", "availability", and "social 

acceptability" all became buzz-words of the late seventies. 

In particular, regulators, legislators, and other consumer advocates 

have focussed increasing concern on the third requisite of virtually 

every state's mandate on insurance rates, that they "not be unfairly 

discriminatory". 

Some critics have claimed that insurance raring methods, and classi- 

fications specifically, should be sensitive to cons~er perceptions 

about what is fair. They suggest that classifications possess 

qualities of reliability, causality, controllability, separation and 

incentive value. Some of these proposals might be essential to the 

insurance process, while others may be merely sound business advice, 

and st ill others might only be consumerisc rhetoric. 

A search through insurance and actuarial literature does not find an 

abundance of historical resource material relevant to, or in the 

language of, these current issues. Some of the more persuasive 

reformers have, in fact, coined new phrases and fashioned new 

literature as the basis for change. From a social standpoint, some 

of the espoused changes may be genuine attempts to solve afford- 

ability problems in what is intended to be a "fair" manner, but if 

the resulting mechanism violates the principles of insurance, it is 

not an insurance program. Therefore, it might not be under the 

jurisdiction of a state's insurance regulation. 
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A recent insurance monograph by Professor John Long elaborates on the 

I 
problem. 

"It is fashionable to be critical of insurance theory and to 
blame the ills of the insurance marketplace on the shortcomings 
of insurance theory. For example, one point of view is that 
the purpose of the insurance industry is to serve the needs of 
the public and that any inability of the industry to do so 
means that something is wrong with the underlying insurance 
theory... This point of view is questionable, whatever concept 
one holds about the nature of theory... 

"A case in point has to do with exposure to flood loss... The 
Congress has seen fit to provide a subsidy to eligible people 
who participate in what is called the national flood insurance 
program. This program raises the question of how much 'non- 
fortuitous' transfer of funds can occur in a transaction 
without causing the transaction to be something other than 
insurance... In the author's judgment, the federal flood 
program exceeds such limit and, therefore, is a type of welfare 
rather than a type of insurance. This classification is not to 
imply that because the flood program is not insurance it is 
'bad'. The only point being made is that the subsidy for all 
participants by the taxpayers as a whole is so large that the 
arrangement is not insurance. Calling something insurance does 
not necessarily imbue it with the characteristics associated 
with insurance." 

It is important therefore to distinguish those qualities which some 

would like to see an insurance classifiction system possess to 

achieve alternative goals, from those which are necessary and suffi- 

cient conditions, or standards, which flow from the nature of 

insurance. The purpose of this paper is to develop a set of these 

standards for insurance classifications, which have been implicitly 

used, or should be used, to evaluate compliance with insurance 

s t a t u t e s .  

NATURE OF INSURANCE 

The purpose of insurance is to protect an insured from a large and 

fortuitous financial loss. It is achieved by contractually transferr- 

ing the insured's uncertainty of loss to the insurer for the certainty 

of a smaller payment called the premium. This uncertainty of loss 

is called risk. 

I 
John D. Long, "Soft Spots in Insurance Theory", lssues in Insurance, 
Vol. 11, 1978, P. 444. 
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S i n c e  the  i n s u r e r  assumes the  i n d i v i d u a l  i n s u r e d ' s  r i s k  of  l o s s ,  t he  

premium should be fundamentally based upon the expected value of the 

insured's loss. The expected loss for an insured is the probability of 

his having an accident or a claim times the average cost of that claim. 

The premium should also include the expense of servicing the policy 

plus s margin for profit and contingency as a reward for the risk 

taking. The amount of this profit margin should depend upon two basic 

factors, the ability of the insurer to estimate the expected (or 

average) loss of the individuals insured; 2 and, second, the amount of 

overall reduction of uncertainty accomplished by the pooling process. 

Insurers are not, of course~ trying to predict the actual losses of 

each insured, only the expected loss. It is the variation of an 

individual's actual losses from his expected loss that motivates his 

purchase of insurance, while the variation of expected losses from 

individual to individual that motivates insurers to price insureds 

differently. 

Although from an insured's standpoint, the essence of insurance is the 

transfer of risk, a further value of insurance for society is the 

reduction of overall risk or uncertainty by pooling many insureds 

independently exposed to loss. 

Now, these risks in the pool do not have to be exactly the same types 

of risks for insurance to work, as witnessed by the success of Lloyd's 

of London, with a multiplicity of risks no two of whom may have been 

the same over the years. And certainly, insureds who are inherently 

different risks should not have to pay the same for the insurance 

2 There is obviously more risk involved to the insurer than dis- 
tinguishing one insured from another. The uncertainty of next 
year's inflation level, for example, affects the expected cost of 
individuals, but more or less to the same degree. 
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process  t o  work. But p o o l i n g  works e s p e c l a l l y  w e l l  w i t h i n  a g i v e n  l i n e  

of i n s u r a n c e ,  l i k e  private  passenger a u t o  i n s u r a n c e ,  when enough i n d e -  

pendent r i s k s  are  pooled  such t h a t  i t  i s  v i r t u a l l y  i m p o s s i b l e  t h a t  

they  a l l  w i l l  have  a c c i d e n t s  in  the  same year .  In f a c t ,  t h e  more r i s k s  

t h a t  are w r i t t e n ,  t h e  c l o s e r  r e a l i t y  cornea t o  t he  e x p e c t e d .  This  

i n t u i t i v e l y  e x p r e s s e s  the  "law of  l a r g e  n ~ b e r s " .  3 I t s  f i r s t  and 

perhaps b e s t  known a p p l i c a t i o n  a l lows  i n s u r e r s  to  have more c o n f i d e n c e  

t h a t ,  once each r i s k  has been r e a s o n a b l y  p r i c e d ,  t he  a c t u a l  l o s s e s  

on a l l  t h o s e  r i s k s  combined or  pooled w i l l  come r e a s o n a b l y  c l o s e  to  the  

combined expec ted  l o s s e s  a t  t he  end o f  t he  year .  

This does not say that the pooling of risks is the s~e as pooling of 

losses. This latter term somehow may connote that everyone should 

share the costs equally. Insurance can work just as well even if every 

r i s k  had a d i f f e r e n t  expected  l o s s ,  as long as you can r e a s o n a b l y  

estimate the expected losses. 

Likewise insurance does not require that each classification must be 

large enough to stand on its ow~n. This fallacy says that individual 

classes cannot share the risk afnong other classes. 4 It would also 

deny the ability to summarize across classes to gain additional in- 

formation about other classes, such as pooling classification in- 

formation within territory to determine territory rates, or territories 

within state to determine ststewide rate levels. 

3 
See D. B. Houston, "Risk, Insurance, and Sampling", The Journal of 
Risk and Insurance, XXXI No. 4, 526-530. 

4 
See Stanford Research Institute, The Role of Risk Classifications in 
Property and Casualty Insurance, Final Report, May i976, p. 63: 
"confusion surrounding the term 'classification' stems also from an 
association with the concept of pooling of risks to reduce .the 
aggregate risk. Many people feel that the essence of classification 
lies in having large classes, the members of which share the total 
risk of the class (and supposedly do not share the risk of any other 
class). According to this incorrect view, classes must each have 
many members to pool risks; classes with too few members are therefore 
oot 'credible' and are assumed to violate the basic principle of risk 
sharing." 
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Furthermore, some may believe that insurance is an instrument of 

social policy to compensate victims. This view treats the premiums 

as merely a means of accumulating funds to pay out losses in ways 

possibly fundamentally different from the relative risk that each 

insured presents to the pool. But trying to do something noble via 

the premium collect ion facilities of insurers does not make the 

resultant mechanism insurance, (as earlier cited). Insurance is 

what it is - the transfer and reduction of risk; it is not a tax to 

redistribute wealth. 

Thus, the expected loss of the individual is important to the 

pricing of insurance. But, being inherently unknowable, even by the 

insured himself, how do insurers infer this vital quantity? There 

are three basic methods. 

First, they may use wisdo~ and experience as an underwriter in 

exercising informed judgment about the nature of the insured and the 

exposure to loss and attendant hazards. This is not the most 

accurate method but it is sometimes the only one available. From an 

insured's standpoint, with a complicated risk desired to be trans- 

ferred, as long as both parties agree on a price, the insurance 

mechenism is working. 

The second method of inferring individual expected loss is to 

observe the insured's actual losses over a long period of time. 

This gains certain additional information, picking up more of the 

subtleties of the risk that could not be obtained by logical, 

informed judgment. (This is analogous to experience rating versus 
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schedule rating.) However, once obtained this information may be 

outdated, as the risk to be insured next year may have changed 

substantially. Furthermore~ depending on the frequency of accidents, 

it may take twenty to thirty years of observation to infer correctly, 

given the dominance of randomness in the accident occurrence process. 

The third method of inferring expected losses is to observe the 

experience of a group of similar risks over a much shorter and more 

recent period of time. These groups of similar risks are called 

classifications. Furthermore, the group observation process also 

involves the second use of the Law of Large Numbers. The first use 

was that if you know the expected losses in advance, then the actual 

losses will teed to approximate the expected at the end of the 

year for the insurance enterprise as a whole. 

However, by observing a smaller number of similar risks over a short 

period of time you have more confidence you have closely estimated the 

expected losses of the individuals in advance. This is especially 

important if the set of insureds can change from one year to the 

next. (This process of classifying is analogous to using stratified 

random sampling to gain more information when the size of the total 

sample is limited. 5) 

There are some who feel that group inference for an individual 

member of a group is unfair per se, no matter how the groups are 

defined. This would seem to prohibit the use of any statistical 

based knowledge throughout society, and is contradicted by ell 

5 
Houston, p. 534. Author's Note: If the classes are fairly 
stable over time, they do not even need to have similar expected 
losses for the individuals within in order to gain a good estimate 
of the class average expected losses. Merely the variance of 
actual losses from the mean for each individual insured in the 
class should be similar. This results from the fact that insurance 
classificat ion reviews use all the risks insured in each calss. 
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insurance statutes which allow, or even mandate, the use of classi- 

fications. The SRI also clearly addressed this: 

"...the opinion that distinctions based o n  sex, o r  any other 
group variable, necessarily violate individual rights reflects 
ignorance of the basic rules of logical inference in that it 
would arbitrarily forbid the use of relevant information. It 
would be equally fallacious to reject a classification s y s t e m  
baaed on socially acceptable variables because the results 
appear discriminatory. For example, a classification system 
may be built on use of ear, mileage, merit rating, and other 
variables, excluding sex. However, when verifying the average 
rates according to sex one may discover significant differences 
between males and females. Refusing to allow such differences 
would be attempting6to distort reality by choosing to be 
selectively blind." 

CLASSIFICATION STANDARDS 

SO insurance classifications are seen as needed in the pricing of 

many kinds of insurance, helping to reduce overall risk, as well as 

enabling insureds to pay in proportion to their relative hazard of 

loss. If there were no reflection of these relative costs by an 

insurer, it could risk insolvency if the distribution of exposures 

changed substantially. At a minimum, such an insurer will require 

a larger margin for profit and contingency to offset the much 

greater chance of adverse underwriting results. 

At this point, it is import ant to distinguish risk classification 

from risk selection. Risk selection determines both the general 

(via marketing) and a more specific (via underwriting) set of 

insureds with whom the insurer decides to enter into a contractual 

7 
relationship and whom the classification system must price 

according to its predetermined criteria. 

SRI (1976), p. 91. 

In some lines and states, a shared (or so called involuntary) 
market exists which requires participation by insurers in order to 
write voluntary business. This helps solve an availability 
problem for those not "selected" by insurers under usual markets. 
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Given the preceding, the variables comprising a classification 

system should be chosen so that a set of general standards or 

conditions are met (in addition, of course, to any expressed statutory 

requirements regarding fair discrimination). 

i )  Similar risks should be assigned to the same class with 

respect to each variable; coversely, dissimilar risks 

should be assigned to different classes, so that there are 

no clearly identifiable subsets with a significantly 

different loss potential or expected loss in the same 

c l a s s .  8 

2) The common characteristics used to identify insureds as 

similar should reasonably relate to the potential for, or 

hazard of, loss. 9 

Next, the classes should be exhaustive and mutually ex- 

clusive; that is, an individual should belong to at least 

one, but only one class with respect to each rating variable. 

4) There should be clear and objective phraseology in the 

definition of classes~ so that there exists no ambiguity as 

to what class an individual insured belongs. 

5) An insured should not be able to easily misrepresent or 

manipulate his classification. 

It is important to stress the words "clearly identifiable" when 
dealing with the alleged overlap or heterogeneity of certain 
c lasses .  

This is different from, and yet related to, what some others 
have used as the notion of causality, and will be covered in the 

s e c t i o n  on Non-Standards.  
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6) The cost of administering a rating variable should be 

reasonable in relation to the benefits received. 

And finally, to the extent possible, the class rating 

factors should be susceptible to measurement by actual 

insurance data. 

These seven standards actually fall into three broader categories 

which can describe a set of necessary and sufficient conditions for 

insurance classifications: i.e., homogeneous, well-defined, and 

practical. 

Homogeneous 

More homogeneous classes will take fewer risks to obtain reasonable 

estimates of expected costs, and will minimize the ability of 

competition to skim off better than average risks thus changing the 

ultimate cost s. 

The "reasonable relationship" standard is also a way of avoiding 

spurious measures which likely have potentially identifiable subsets. 

Of course, if a strong statistical correlation persists over time, 

with no emergence of practical subdivisions, then the degree of 

perceived reasonableness may be enhanced over time, as well. 

Homogeneity is also undergoing some current debate as to the possi- 

bility of statistical measurement .i0 While the scope of this 

paper precludes entering that debate, it is helpful to recall that 

one of the reasons for classification is the impoasiblility of 

knowing a risk's true expected loss or accident likelihood. Given 

lO 
See Richard G. Woll, "A Study of Risk Assessment", PCAS LXVI, 
1979. 
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the  randomness o f  accident  and loss occureence, and the f ac t  

that statistical tests must use actua l  loss distributions for 

individuals, it may be difficult to gain more than a glimpse or an 

insight into possible distributions of accident likelihoods within 

c l a s s .  T h i s  i s  especially true s i n c e  assumptions m u s t  a l s o  be made 

about the functional form of the accident likelihood model (as well 

as of the loss severity model). 

Furthermore, the real test of homogeneity is in the most refined 

classification cell, not in the separate variables used in combination 

to classify the risk. It is also not necessary (or even likely) 

for a classification to have identical expected losses for all risks 

within the class, even if true individual risk accident likelihood 

were "knowable". Finally, even if inferences can be made about a 

possible distribution of expected losses within a classification, 

the lower expected loss insureds deduced to exist are not in any way 

identified (or identifiable) to the insurer or even known by the 

risks themselves. Therefore, it is bordering on a philosphical game 

to assert that such a class is too h~terogeneous, and is therefore 

not permissible. 

The SRI spoke to that fallacy ms follows: 

"Indeed, the rationale that proscribing the use of certain 
rating variables is in the public interest because, under 
imperfect risk assessment systems, actuarial fairness is not 
achieved for some -- albeit unidentifiable - individuals is 
fundamentally contradictory. It promotes a remedy for unfair- 
ness to some that increases the unfairness ~yerall (by the same 
actuarial yardstick) and redistributes it." 

11  
SRI International, Choice of a Regulatory Environment for Automobile 

Insurance, May 1979, p. 58. 
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Well-Defined 

The second broad standard is that of being well-defined, and helps 

to ensure that each risk is actually placed in the right classifi- 

cation end to avoid unequal application of the classification 

system. The "exhaustive" quality allows more risks to be accepted 

and, once accepted, gives a complete method of rating them. "Ex- 

clusivity" precludes two different rates for the exact same risk. 

"No ambiguity" also prevents unequal treatment of the same risk, 

while protection from misrepresentation by insureds will keep the 

statistical data consistent as well as enhancing the equal treatment 

of inaureds. 

Practical 

The dictionary definition of practical refers to "workable, useable, 

and sensible" and the final two standards deal with these goals. 

Being cost-effective is important because an inefficient system (or 

even attempts to be too precise) could increase total costs beyond 

the value of the information to be obtained. If, for example, it 

costa an insurer ten dollars on each policy to find only a small 

portion of risks who could save twenty dollars, it is not worth the 

effort. 

In final perspective, one of the advantages of classifying was to 

use the Law of Large Numbers on actual observed experience of the 

past instead of relying on pure business judgment. If there is no 

method or attempt to test class average prices by actual datap the 

system is tantamount to schedule rating. Of course, whether or not 

a classification rating factor is tested frequently depends upon the 

likelihood of change in a short period of time, and the relative 

size and importance of the rating factor. 
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NON-STANDARDS 

In t h i s  p a p e r ,  t h e  word " s t a n d a r d s "  ha s  been  used  t o  d e n o t e  a s e t  o f  

n e c e s s a r y  and s u f f i c i e n t  c o n d i t i o n s  f o r  i n s u r a n c e  c l a s s i f i c a t i o n s ,  

consistent with the nature of insurance as well as insurance statutes. 

However, the dictionary definition also includes "a basis of com- 

parison in measuring or judging.., quality." It is possible or 

indeed likely that other characteristics of classification may be 

desirable. Failure to include these in the basic standards means 

that it is felt that their presence is not required to render the 

classification system valid and appropriate. 

Two different qualities that have been recently espoused are actually 

correlatives - controllability and incentive value. By controll- 

ability is meant the ability of an insured to determine by his own 

efforts (presumably consciously) the class to which he is assigned. 

If that quality is present, it is argued, the insured will have the 

incentive to change to a lower rated class and thus reduce his OWN 

losses as well as the losses of the overall system. 

One can sympathize with a risk that presents a much higher hazard, 

over which it has little or no control~ but to deny use of that 

criterion, and make others with lower inherent risk subsidize the 

higher risk is, in effect, a denial of reality. In workers' compen- 

sation insurance, for example, the logging or lumbering industry has 

an inherently higher risk of injury to workers than clerical office 

type work. Not to charge for that difference would be to contradict 

the essence of classification. Similarly, age in life insurance is 

an essential classification, yet is obviously uncontrollable. 

Controllability therefore is an extraneous add-on, which has benefits 

primarily in the area of public understanding. 

- 700 - 



Incentive value also has public appeal, and in its obverse may be 

important to the overall insuring process. Whether it be classifi- 

cations or exposure base, or indeed the existence of inaurancej the 

presence of an insurance contract should not encourage a laxity 

towards loss control or create a moral hazard of exaggerated or 

false claims. 12 

While incentive value could be a noble addition to a rating system, 

it is not a necessary one, nor should classification plans be judged 

by it as a standard. Personal lines risks, for example, cannot he 

easily subjected to loss prevention measures like large commercial 

risks. Even so-called "merit rating" in automobile insurance may be 

nothing more than a theoretical incentive to prevent accidents. Few 

drivers wear seat belts despite the life saving evidence, so the 

prospect of saving a few dollars of insurance surcharge certainly 

will not induce the modification of driving behavior. In a DOT 

Study, a major conclusion in this area was also reached: "As long 

as deterrent measures concentrate on a punitive approach to the 

correction of 'driver error,' they are likely to remain relatively 

ineffective. ''13 (Of course, once an accident occurs, the fear of 

a surcharge may affect the reporting of accidents and submission of 

collision claims, hut that may be in conflict with the liability 

insurance policy "condition" requiring notification of accidents). 

12 

13 

C.A. Williams et.al., Principles of Risk Management and Insurance, 
Vol. I, 1978, p. 128. 

U.S. Department of Transportation, Causality, Culpability and 
Deterrence in Hishway Crashes, 1970, p. 245. 

- 701 - 



Causality is also recently cited as a desired quality for classifi- 

cations to possess, defined as follows: "the actual or implied 

behavioral relationship between a particular rating factor and loss 

potential. "14 The use of the term "behavioral" makes this difficult 

to accept as a standard, because living in the river valley does not 

cause the river to flood, yet certainly increases the hazard involved 

in flood insurance. 

Merit rating in auto insurance is almost totally non-causal. The 

fact that an insured has been involved in a past accident does not 

behaviorally cause him to get in the next one or even to have become 

a worse driver. And yet the same critics of current rating cite past 

accident record as an ideal rating variable. 

instead, a reasonable relationship to the hazard of loss, without 

such a rigid chain of causality or behavior, is more appropriate. 

As the earlier mentioned DOT Study concluded: "...driver responsi- 

bility for crashes is rarely unilateral sad is often impossible to 

isolate from the multiplicity of causes involved in almost every 

crash. ''15 

By classifying risks, an insurer does not seek to determine the 

cause of the accidents. To the extent high risk insureds are 

identified, society may benefit by focussing attention on the need 

for possible remedies. 

14 

15 

" F i n a l  Report of  the  Rates  and R a t i n g  P rocedures  Task Force"  of  
the (NAIC) Automobile Insurance (D-3) Subcommittee, November 
1978, p. 5. 

D O T ,  p .  2 0 9 .  
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Separation has been defined as "a measure of whether classes are 

sufficiently different in their expected losses to warrant the 

setting of different premium rates. "16 This deals with the 

so-called "overlap" question where it is felt that if one class rate 

were close to another, some inaureds in the first class would have 

accident likelihoods close to those in the second class, and there- 

fore may be mis-clsssified. 

This is related to the homogeneity question. If the insureds who 

supposedly deserve co be in the second class are not identifiable, 

then it is questionable whether you can call them mis-classified. 

Secondly, classifications with mean rates close together are not 

undesirable, if the hazard being reflected is a gradual one. 

Finally, even if some insureds in a $300 rated class truly deserve 

to be in a $305 class, the system is still working well from a 

cost/benefit standpoint. Therefore, the concept of separation does 

not appear very useful in the context of classification standards. 

Reliability has also been a term which includes qualities that are 

17 
objective, clearly defined, and easy to verify, all of which 

are consistent with the standards earlier mentioned, and about which 

there is little or no controversy. 

However, social acceptability and admissibility are terms which 

connote a variety of meanings and contexts regarding the use of 

insurance classifications. By way of perspective, it is one thing 

to give advice as to the public's view of certain rating variables 

among alternatives of equal value. It is quite something else 

16 
Division of Insurance, Co~onwealth of Massachusetts, Automobile 
Insurance Risk Classification: Equity and Accuracy, 1978, p. 3. 

17 
Massachusetts, p. 3. 
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to say that the unpopularity of some variables. BB perceived 

subjectively by some, or even through public opinion polls, pre 

their we. Rate adequacy end public acceptability are often in 

conflict. 

The earlier cited SRI Report suggested that insurer8 choose varir 

among the set of poesible ones, without loss of precision, that a 

clearly explainable to the public, provide incentives for loss 

prevent ion, end are adjueted to social moree. 
18 

That this YBB 

meant as sound business advice, rather than a set of necessary 

conditions, is illuatreted by their comments on the very next page: 

“On the other hand, the opinion that distinctions based on sex, 
or any other group variable, necessarily violate individual 
rights reflects ingnorance of the basic rules of logical 
inference in that it would arbitrarily forbid the use of 
relevant information. It would be equally fallacious to reject 
a classification system based on socially acceptable variables 
because the results appear discriminatory. For example, a 
cleseification system may be built on u8e of car, mileage, 
merit rating, and other variables, excluding sex. However, 
when verifying the average rates according to sex one may 
discover significant differences between males end females. 
Refusing to ellov such differences would be attempting to 
distort reality by choosing to be selectively blind. 

“lhe use of racing territories is a cane in point. Geographical 
divisions, hovever designed, are often correlated with sociodemo- 
graphic factors such as income level end race because of 
natural aggregation or forced segregation according to these 
factors. Again we conclude that insurance companies should be 
free to delineate territories and assess territorial differences 
88 well as they can. At the same time, insurance companies 
should recognize that it ia in their best interest to be 
objective and u8e clearly relevant factors to define territories19 
lest they be accused of invidious discrimination by the public”. 

MOreOVer, in a later work, the SRI clearly stated: “The regulator’. 

determination of whet is unfairly discriminatory should relate only 

to the use of variables whose predictive validity cannot be 

18 SRI 19 Report, 1976, pp. 89-90. 
SRI Report, 1976. p. 91. 
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substantiated and to unequal application of a classification 

system. ''20 Furthermore, they put the context of extreme 

social intolerability in the legislative arena: 

"One possible standard does exist for exception to the 
counsel that particular rating variables should not be 
proscribed. What we have called 'equal treatment' standard 
of fairness may precipitate a societal decision that the 
process of differentiating among individuals on the basis 
of certain variables is discriminatory and intolerable. 
This type of decision should be made on a specific, 
statutory basis. Once taken, it must be adhered to in 
private and public transactions alike and enforced by the 
insurance regulator. This is, in effect, a standard for 
conduct that by design transcends and preempts economic 
considerations. Because it is not applied without economic 
cost, however, insurance regulators and the industry 
should participate in and inform legislative deliberations 
that would ban th~lUSe of particular rating variables as 
discriminatory." 

Admissibility, as per the Massachusetts definition, begins with 

federal and state statutory requirements regarding discrimination 

and privacy, but continues in the social acceptability vein: 

"There are also distinctions that, while not clearly illegal, 
are 5sing increasingly questioned. These include sex, income, 
and marital status. Clearly, it is preferable to avoid such 
distinctions. Distinctions are best able to meet the text of 
admissibility if they are within an individual's ability to 
control and are causally related to the probability of loss. 
It would be undesirable, for example, to charge higher rates 
for redheads than brunettes even if it could be shown statis- 
tically that people with2~ed hair have more accidents than 
those with brown hair." 

Use of the words "preference" and "desirability", from a perception 

of the public's view and using popular intuition about controll- 

ability and causality, again con firms that this characteristic is in 

the form of business marketplace advice. Insurers who can combine 

20 
SRI International, Choice o f  a Regulatory Environment for 

Automobile Insurance, May 1979, p. 93. 

21 
$RI, 1979, p. 94. 

22 
Massachusetts, 1978, p .  4. 
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sound and relevant rating variables with the public's view of what 

is better will obviously be more successful. However, unless or 

until possible substitute variables are found which do not sacrifice 

accuracy and do not create subsidies, the failure to use appropriate, 

though unpopular, variables will only cause some individuals avail- 

ability problems and still others to be overcharged relative to 

their risk. 

REGULATION VERSUS COMPETITION 

Given that insurance regulators must enforce the rate regulatory 

laws, a logical question to be asked is whether natural competitive 

forces will reinforce or conflict with the standards for insurance 

classifications. 

Regarding homogeneity, it is obvious tha t  the essence of competit ion 

will be to try to find rateable subsets of existing classifications 

to price more accurately and equitably (prices matching costs). 

If classes are too broad, underwriters will tend to select risks 

out. However, it takes more discipline to define objective and 

practical new classifications to maximize the number of risks to be 

written voluntarily. If several different companies are licensed in 

o group under the same management control, the competitive drive for 

more homogeneity can be partially met by a different set of under- 

writing standards for each company in the group. 

If there is only a strong statistical correlation for a particular 

variable, without an obvious relationship to hazard of loss, competi- 

tive forces will definitely strive to find a closer link. If no 

closer link is found over an extended period of time, as mentioned 

earlier, the reasonableness of the relationship becomes much more 

established. 
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T h e r e  i s  an ana logy  h e r e  w i t h  t h e  s t a t i s t i c a l  c o r r e l a t i o n  be tween  

lung cancer and cigarette smoking which for many years wee not held 

t o  be a h e a l t h  h a z a r d .  In f a c t ,  t h e r e  has  ye t  t o  be found in  h ~ a n  

medicine e cause and effect link showing lung cancer resulting from 

tobacco smoking. Conceivably (but unlikely), cigarette smokers 

could have other characteristics related with carcinogens that are 

also less prevalent in non-smokers. The answer, of course, is not 

to avoid the use o f  statistical information until better data is 

found. Indeed, the U.S. Surgeon General end others have taken 

strong steps based mainly (end reasonably) on the statistical 

evidence. Even though the actual risk of death from lung cancer 

among the heaviest smokers is very small, it is many times that of 

non-smokers. Stated another way, most heavy smokers will not 

contract lung cancer; yet all of them have had certain privileges 

revoked and rights modified. 

One can normally expect marketplace rewards for those who use 

well-defined class plans allowing equal treatment for all risks. 

However, there is a temptation to allow some ambiguity or sub- 

jectivity as a trade-off for additional costs needed to gain con- 

sistent information. 

Regarding p r a c t i c a l i t y ,  compet i t ive  forces w i l l  place a na tu ra l  

r e s t r a i n t  on overspending to a t t a i n  r a t i n g  in fo rmat ion .  However, 

part  of  the w o r k a b i l i t y  of  c l a s s i f i c a t i o n s  involves t e s t i n g  the 

rating factors with actual data to minimize the subjectivity of 

pricing. There is a potentially conflicting instinct, however, to 

rely on judgment and assumptions to avoid the cost of truly testing 

for the appropriate price relationships. Of course, to the extent 
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that other insurers find cost-effective ways of better measuring 

class relativities, then as long as there is the ability to exchange 

information, any pricing inequities will be short term. 

Some exmmples of potentially unfair discrimination in insurance 

classifications might include the following: 

The use of occupation as a rating variable for auto liability 

insurance may be a problem with regard to ambiguity in splitting the 

population into exhaustive categories, as well as not all cells 

likely being reasonably related to the hazard of loss. 

similarly, national origin (if not already proscribed by law) would 

have problems with the mutually exclusive and exhaustive categories. 

Use of unverifiable criteria or too subjective wording, such as with 

psychological profiles would also present major problems. The use 

of characteristics which are easily circumvented by some insureds. 

and not others can favor the pricing of some to the detriment of 

others. 

Another example of possible unfair discrimination would be the 

failure to reflect premium differences for identifiable and rateably 

different subsets of broader classifications, unless some overriding 

reason existed such as the cost of determining the necessary in- 

formation being too high for the overall system. 

The pricing impact of not subdividing depends upon the size of the 

subsets and the resulting differences in price for each of the 

subclasses. It may be that only a small amount of premium can be 
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saved by refinement, if one of the subclasses is very large end also 

the lowest priced (such as rating by past accident record in auto 

insurance where accident-free or claim-free drivers usually save at 

most five percent over the cost of not having such a program). 

If, however, lower risk insureds were identified in a system and 

were useable as a rating classification, the failure to reflect 

those differences would constitute a subsidy. But, if the set of 

insureds are not identifiable in advance, then there is no subsidy. 

For example, some have alleged that all of insurance is a subsidy 

since, as the reasoning goes, those who do not have accidents are 

subsidizing those who do. This is fallacious because you cannot 

identify in advance those who will have accidents. That is why 

people buy insurance. However, you can identify those with a higher 

likelihood of an accident which is what classification is all about. 

Failure to classify would therefore be a subsidy by those with a 

lower loss likelihood of those with higher loss expectancy. 

Some also allege that it is a cruel disservice to identify the high 

risk insureds in advance through refined classification plans. 

However, insurers should not be blamed for the existence of high 

risks in society. In a report from the Federal Trade Commission to 

the U.S. Department of Transportation in 1970, it concluded: 

"Regardless of law and underwriting systems, high risk drivers 

exist. The present system identifies them; it does not create 

them." 23 In fact what insurers do by keeping track of the sources 

of accidents is to help identify those segments of the population 

23 
Report of the Division of Industry Analysis, Bureau of Economics, 
Federal Trade Co~ission to the Department of Transportation, 
Price Variablilit~ in the Automobile Insurance Market, August 
]970, p. 144. 
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when l o s s  p r e v e n t i o n  may be t h e  answer  r a t h e r  t h a n  r i s k  p o o l i n g .  

"In t h e  i n t e r e s t s  o f  l o s s  c o n t r o l  and p r e v e n t i o n ,  t h i s  h i g h - r i s k  

g roup  must  be i d e n t i f i e d  end t r e a t e d  b e f o r e  t h e  a c c i d e n t s  o c c u r .  ' '24  

In o t h e r  words ,  i f  h i g h  r i s k  d r i v i n g  in  h i g h  d e n s i t y  a r e a s  

p roduces  an i n o r d i n a t e  amount of  l o s s ,  p e r h a p s  more s t r i n g e n t  

l i c e n s i n g  should  be c o n s i d e r e d ,  o r  mass t r a n s p o r t a t i o n  i m p r o v e m e n t s ,  

or other alternatives, but do not hide the information, until such 

time as the source of the problem is solved, to paraphrase the SRI 

Report on Risk Classification, society should not legislate against 

the use of knowledge in a free society. 25 

SOM)qARY 

The purpose of this paper was to view the issue of reasonable 

classifications from the perspective of the nature of insurance 

itself. In this way perhaps the qualities that many have felt 

classifications ought to possess could be distinguished between the 

essential and the non-essential. 

Much has been written in the past few years about what is fair or 

unfair, but this evaluation should not take place without an under- 

standing of what classifications are designed to do in insurance. 

Affordability is one example of s quality which society might like 

insurance rates to have, but the essence of classifications serves 

to highlight high-risk, high-cost segments of the population. 

Unfortunately in that instance and in possibly others the solution 

to the problem may lie outside the scope of insurance classifications 

or even the insurance mechanism itself. 

24 
DOT, p. 144. 

25 
SRI, The Role of Risk Classification in Property and Casualty 
Insurance, 1976, Executive Summary Report, p. 25. 
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RISK CLASSIFICATION STANDARDS 

By Michael A. Waiters 

Reviewed by Robert A. Bailey 

SUMMARY OF THE PAPER 

The author discusses the current issues related to risk classification in 

insurance. He distinguishes those qualities which flow from the nature of in- 

sarance, from those that attempt to redistribute wealth via a subsidy. From a 

description of the nature of insurance he derives a set of necessary and sufficient 

standards for insurance classifications which he summarizes into three broad 

categories: homogeneous, weU-defmed, and practical. 

The author also discusses other characteristics which may be desirable but 

which are not necessary to make a classification system valid and appropriate. 

These include contxollability, incentive value, causality, separation, social 

acceptability, and admissibility. 

The author concludes with a discussion of regulation versus competition. 

He suggests that natural competition will enforce the standards he defined as 

necessary and that regulation, to the extent it interferes with industry pricing 

practices, would create a subsidy. 

SUMMARY OF THE REVIEW 

Insurance pricing is a combination of rating classification and underwriting 

selection. The author defines necessary and sufficient standards for rating 

classification which are not met by underwriting selection or insurance pricing as 

a whole. It is unreasonable to assert that it is necessary for rating classifications 

to meet certain standards when the pricing structure as a whole does not meet 

those same standards. The author's acknowledgment that pricing standards are 

necessary and appropriate, and his focus on only that portion of the pricing 

structure which the industry chooses to make visible, while ignoring the entire 

pricing sn'uctture, illns~xates the inconsistent standards practiced by the insurance 

industry, and indicates why many believe that governmental intervention into 

the insurance pricing smacture is necessary and appropriate. 
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SUBSIDY 

The author suggests that regulators should not act in a manner so as to turn 

the insurance mechanism into a subsidy program. By defining what constitutes a 

subsidy in a manner justifying industry practices, the unsurprising conclusion is 

that regulators should keep their hands off. The author's definition of  "subsidy" 

lacks a certain degree of persuasiveness and clarity. 

His definition of  subsidy is: "If, however, lower risk insureds were iden- 

tiffed in a system and were useable as a rating classification, the failure to reflect 

those differences would constitute a subsidy." (page 709) This definition de- 

pends on which lower risk insoreds are identified by a system, without qualifi- 

cations as to whether the system is truly competitive or truly efficient. None of  

our present systems are ideally competitive, ideally efficient, or free of  manipu- 

lation and control. If a system is controlled in some way then those who control 

it are in a position, under this definition, to define as subsidy any-thing that 

interferes with their objectives. Two examples of  a controlled system that might 

not have identified the low risk insureds to the same degree as a more com- 

petitive system are the systems in effect (1) when the industry conspired 

together to reduce competition among themselves in the South Eastern Under- 

writers era and used a simple uniform classification system, and (2) when Mas- 

sachusetts set uniform classifications for all insurers. Accordingly it is not 

surprising that the author, using this definition, concludes that regulatory 

interference with industry practices would create a subsidy. 

Inasmuch as the author acknowledges "the impossibility of  knowing a 

risk's true expected loss" (page 697 ) and that it is "not necessary (or even 

likely) for a classification to have identical expected losses for all risks within 

the class," (page 698 ) it appears that subsidy is always present to some degree 

and the question is not an objective "Is there subsidy?" but an inquisition, "Who 

caused the subsidy?" and a subjective and an endlessly debatable "How much 

subsidy is too much?"  
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CLASSIFICATION STANDARDS 

The standards the author advocates in defense of  the industry's present rate 

classification practices are equally applicable in condemning the industry's 

present underwriting practices, which are just as integral a part of  the pricing 

system as rate classifications are. 

For example, the author advocates that risk classifications be "well de- 

fined . . . .  to ensure that each risk is actually placed in the right chssification" 

and to avoid unequal application of  the classification system." (page 699) This is 

precisely what underwriting practices are not. It is unreasonable to advocate that 

rate classifications be well-defined when they are modified by an underwriting 

selection process which is not defmed and which invites unequal application of  

the classification system. 

To illustrate how an underwriting selection process could result in an un- 

equal application of  a classification system: a driver who meets the classification 

definition for a class offered by the Unfair Insurance Company, might be de- 

dined by the underwriter ff he is from a minority racial group and accepted 

otherwise. If a reason for declination is requested, many reasons would be 

available, such as, "He parks his car on the street at night", even though the 

company may insure other drivers who park on the street at night. 

The author's third standard (page 696)  is: "The classes should be 

exhaustive and mutually exclusive; that is, an individual should belong to at least 

one, but only one class with respect to each rating variable." This flies in the 

face of the common practice of refusing to insure many applicants, meaning that 

many individuals find they do not belong to any class offered by the insurer. 

The author summarizes this standard (page 699 ) by saying, '"Exclusivity' 

precludes two different rates for the exact same risk." This flies in the face of 

the common practice of most insurance managements to have at least two 

insurers with different rates for the same risk. It is unreasonable to insist that a 

part of the pricing system should "be exhaustive and mutually exclusive" when 

the whole pricing system is neither. It seems that  as we increase the clarity of the 

rate classes, we simultaneously increase the unclarity of  the underwriting process 

so that the pricing system as a whole remains unchanged. 

- 714 - 



The author's quotation of SRI's statement: "The regulator's determination 

of what is unfairly discriminatory should relate only to the use of variables 

whose predictive validity cannot be substantiated and to unequal application of 

a classification system." (page 704 ) is applicable as a condemnation of the in- 

dustry's present underwriting practices - using unsubstantiated variables to de- 

cline risks or to put them in a higher rated affiliate, and to unequally apply 

the classification system by declining or rating up some risks that meet the 

classification defmitinn of the lower rated affiliate. 

The author summarizes his seven standards "into three broader categories 

which can describe a set of necessary and sufficient conditions for insurance 

clas.sifications: i.e., homogeneous, well-defined, and practical." (page 697 ) The 

author acknowledges that insurance classifications are not homogeneous. A~s 

discussed above, the pricing system as a whole is not well defined, opening the 

door to unequal application of it. In view of the insurance industry's pricing 

system being not homogeneous and not well-defined, for someone to then 

advocate that the only remaining standard should be "practical" (from the 

insurer's point of view) conveys the appearance of  an industxy that is insensitive 

to the public's perception of the industry's pricing system. The public is more 

concerned about whether the system is fair to the public then whether it is 

practical for the insurers..And the public perceives that it is not fair to the public 

because of the industry's failure to meet the two standards conceded by the 

author as "necessary" namely that the pricing system be homogeneous and 

well.defined. The author's paper, by concentxating on only a part of the pricing 

system, rate classifications, and ignoring an equally important part, underwriting 

selectivity, which negates the part he describes, illustrates why the public feels 

that insurance prices are unfair and why the industry fails to understand why the 

public feels that way. 

ALTERNATIVE STANDARDS FOR CLASSIFICATIONS 

The author touches upon what the reviewer regards as the sin#e:, funda- 

mental standard for cla.ssification in a competitive market. "If, for example, it 

cost:s an insurer ten dollars on each policy for all to fred only a small portion of 

risks whu could save twenty dollars, it is not worth the effort." (page 6999) This 

could be restated as, "A ¢.lassificadon ¢xiterion is economic and appropriate if 
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the reduction in expected losses for those who meet the criterion exceeds the 

cost of  measuring the ='iterion for all who apply. The classification criterion 

which is most economic is the one that achieves the highest ratio of  the re- 

duction in expected losses for those who meet the criterion versus the cost of  

measuring the criterion for all who apply." This definition is the logical outcome 

of a competitive market. Under this definition, if sex is more correlated with 

expected losses and is cheaper to measure than, say, psychological attitudes, it is 

more economic in a competitive market as a classification criterion. Since no 

criterion is perfectly correlated with expected losses or is costless to measure, no 

classification criterion is perfect. It is a question of  degree and relative efficiency 

and cost, questions that a private competitive market is.ideally suited to deter- 

mine. 

As the author points out, some segments of  the public criticize some 

classification criteria on the grounds that they are not perfect. Unfortunately, 

we do not have a choice between a perfect system and an imperfect system. Our 

choice is between a system contTolled by profit motivated insurers competing 

against each other or a system controlled by government and the political 

process or some combination of  the two. The results of  our choice will affect the 

economic value of  insurance to the many private property owners and small 

businesses who depend on insurance, and will affect in a small degree the econo- 

mic ability of  the United States as a whole to compete in the world market 

against other foreign economies. 

Some segments of the public also criticize some classification criteria on the 

grounds that they are offensive, such as race, religion, occupation and income 

level, regardless of  how economic they may be. The suspicion exists that insurers 

do use such cTiteria but at tempt to conceal such use by not openly defining and 

disclosing all the criteria they use in their pricing systems, which embrace both 

rating and underwriting procedures. This suspicion is expressed in the accusation 

that the pricing system is "unfair".  The suspicion will persist as long as the risk 

classification criteria are not "well-defined" and publicly disclosed. 
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