
REVIEWs" 0F "RISK AED REIUIhN FOR PROPERTY-CASUALTY INSUREI~ 

by Jamos Stanard, Prudential Reinsurance Co. 

Some of thc important problems of actuarial science lie also within the bounds of 

financial theor/. The individual's and col~oretion's decision on the proper amount 

of insurance to buy can be viewed a sub-problem of the overall issue of how economic 

r isk,  insurable or not, should be handled. The emergence of the discipl ine of cor- 

porate r isk management shows that  i t  i s  anachronistic to view the insurance problem 

separately from other f inancial  decisions.  As actuar ies  we must careful ly  examine 

the underlying assumptions, the empirical va l id i ty  and the resul t ing  implications o£ 

applying f inancial  theory to insurance problems. 

~Ir. Bustic's paper is a welcome contribution to this conference for several reasons. 

It is a good example of two of the potential areas of application of financial theory 

to insurance: I. applyln E portfolio theory to an insurance company's portfolio of 

policies, and 2. annlyzin E the insurance company as one of many publicly traded cc~n- 

panies whose stock should obey the same rules as any others in the capital markets. 

Secondly, the paper covers an overview of three of financial theory's main tools: I. 

mean/variance portfolio theory, 2. the capital asset pricing model (CARd), and 3. 

the concept of efficient markets. Finally, the paper sets the stage for a discussion 

of the tmderlylng gssunptions and implications of this methodolo~/. 

~, review will not repeat results from the paper, but will discuss the following ex- 

tensions: 

i. The basic form of the CAIB! implies that insurance companies should not exist. 

2. The risk (additional variance) an insurance company faces because prmniams are 

act based on an estimate of expected losses rather than the true (but un~owable) 

value of expected losses is  to a great extent not diverst£iable (£rom the co,~any's 

point of view). 



3. It is not clear whether the assumptions underlying mean/variance portfolio theory 

and the efficient set theorem hold for an insurance company. 

And a technical note on Mr. Bustic's model 

4. The use of a formula containing the term v, reserves to premi~n ratio, for pric- 

ing decisions is not valid, except in a no growth situation. 

1. THE CAPH 

The CAPH s t a t e s  t h a t  the  e q u i l i b r i u m  expec ted  r a t e  o f  r e t u r n  fo r  a s s e t  i i s  

~q = ~  + bi ( ~ I - ~ )  

where b i = Coy ( ~ L , ~ ) / V a r  ( ~ 0  = " b e t a  o f  i "  

P~I = expec t ed  r e t u r n  on the  market  

Rf = riskless interest rate 

The CAPri implies that in equilibrium the market will not reward you (i.e., allow a 

higher expected return) for bearing diversifiable risk (the portion of variance that 

is independent of the market's movements). If the risks that an insurer covers are 

independent of the movement of the stock market and, therefore, represent diversifi- 

able risk, then the insurer should not be allowed any return for bearing those risks - 

all he should earn is the investment income on his surplus, which would be his even 
| 

if he did not issue any policies. I D~c. Bustle makes this point following formula (55), 

however, he does not express any concern with the result, in fact, he suggests formula 

(32) be used by management as a pricing guideline. I argue that for a regulator or 

company manager to use this formula for calculating allowable underwriting return is 

unsound because it allows for no incentive for an insurer to bear non-systematic risk, 

which is its business. It might as well close up shop. To turn this conclusion around, 

I t h i n k  t h a t  the  e x i s t e n c e  o f  a c o m p e t i t i v e  r e i n s u r a n c e  market  i n d i c a t e s  t h a t  a market ,  

if left to its o~ devices, will allow additional return for bearing diversifiable 

risk. According to the CAPH, capital should continue to be attracted to this industry 
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until these additional returns were erased. Although I am speculating on an 

empirical matter without any data, I do not believe that this has been the case. 

I think it is important to make the distinction be~veen I. constructing amodel that 

descrlbes what will occur in long run equilibrium if companies are free to pursue their 

own proflt maximizing courses and 2. using that model as a procedure as to how an in- 

divldual company should act. As you see in this case, a company acting or forced to 

act according to this model will have no reason to pursue its business. An analogy 

can he drawn with the general long run pure competition solution in economics: in 

long run equilibrium there will he no economic profits -- all the factors of produc- 

tion including capital and entrepreneurial ability will be rewarded according to their 

contribution, but there will be no "profit" in addition to this. If there was a profit, 

the system would not be an equilibrium, more firms would be drawn to provide the ser- 

vice until this profit had been competed away. However, the individual motivation of 

each firm is to earn a profit. If the long run no profit equilibrium is forced on the 

firm's pricing decisions, the firmwould have no motivation to produce. 

Another way of looking at this conclusion from the CAPH is from a corporate insur- 

ance buyer's point of view. That corporation gets no reward in the capital market for 

bearing diversifiable risk. However, it also gets no reward for relieving itself of 

diversifiable risk. This implies that a corporation should not be willing to pay more 

than the pure premitma (discounted for investment income) for insurance;otherwise, it 

is harming its stockholders. The one exception is that if having insurance would let 

a firm get a particular (profitable) factory running again faster than it could lv~th- 

out insurance, then the system of insurance ~uld have a real economic gain for the 

firm. However, in this case, it is not the risk transfer that is critical, but the 
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a v a i l a b i l i t y  o f  funds to cover the loss. I f  a company had a l ine  o f  c red i t  avai lable 

equal to the amount o f  insuranco, or  could ra ise funds in the cap i ta l  market quickly 

then the insurance would be o£ no benef i t  in th i s  s i tua t ion .  The only issue would be 

whether the insurance company paid the loss  or the corporatton h a d t o p a y b a c k t h e  

debt over a long rum. 

This analys is ,  however, does not apply to indivlduals ,  who prestm~blyhave r l sk  averse 

u t i l i t y  £unctions and can ra t iona l ly  want to purchase insurance at  more than the pure 

premium, The difference between these two s i tua t ions  i s  that  r i sk  tha t  the individual 

i s  averse to i s  variance of  re turns  to himself.  The r i sk  that  a corporation i s  averse 

to i s  only the beta component of  i t s  variance because i t s  owners can d ivers i fy  away the 

non beta r i sk .  Even though individuals wi l l  demand insurance at  ra tes  higher than ac- 

t ua r i l y  f a i r  ones the CAPM implies that  stock insurance companies wi l l  compete away any 

p r o f i t  over t h i s .  Capital wil l  continue to be drawn to the industry umtil the bearing 

of d ive r s i f t ab le  r i sk  i s  not rewarded. 

In the world of  the CAPM, the only asse t s  that  should be insured are those that  are 

not owned by publcly traded companles. The CAPMsays a ra t ional  investor  wi l l  hold some 

t iny f rac t ion  o£ every asse t  avai lable.  I£ a cer ta in  factory burns, our investor  only 

suf fe rs  a t iny loss .  I t  would not help hlm i f  the fac torywas  insured, because he would 

hava a t lny share o£ the insurer  too. However, ass~ning he has not issued shares in h ls  

how (or h is  future earning potent ia l )  he should insure these. 

Of course, a l l  the precedingass t ,  nes that  insurance underwriting r i sk  i s  not correlated 

with the stock market, which seems to me to be a reasonable assumption, although i t  can 

be argued tha t  worker 's  compensation, d i s a b i l i t y  insurance, surety bonds and f i r e  insur-  

ance r e su l t s  are p a r t i a l l y  determined by business condit ions.  And as Hr. ~ u t i c  points 

outD in f la t ion  a f fec t s  both insur~ice r e su l t s  and the stock market. 
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2. DIVERSIFICATION OF RISK WITHIN TIE CO~4PANY 

Mr. Bustic's formula (19) shows that, as the ntmaber of insureds goes to infinity, the 

only contribution that underwriting variance gives to the variance of return on sur- 

plus comes from co-varlance terms. Remember that this equation is derived assuming 

that the written premitm to surplus ratio (k) and the reserves to written prentium ratio 

(v) are fixed. This means that as N goes to infinity, either surplus must go to infin- 

ity or the average policy s ize  must go to z e r o .  In other  words, i£ we are dealing with 

a fixed surplus '~  goes to in£ini ty  ~' means that  we are taking a smaller and smaller 

share of  a la rger  and larger  number of  po l ic ies  while keeping our t o t a l  premium fixed. 

Simply adding independent po l ic ies  to a fixed surplus increases the variance o£ re-  

turn  on surplus .  

Rs'~ CICt) *uCt)) 

VarCR s) " _~ (Var (ICt)) + Vat (uct)) + 2 Coy ClCt) ) UCt))) 

N 

U(t) - $ underwriting result =~4 (pi is premium on i th risk) 

Var CUCt))-~¢ As N-~ 

Also note tha t  as ,a  s ingle  company adds po l ic ies  beyond some point  i t  wi l l  he taking 

poorer r i sk s  or  wi l l  have to compete on pr ice ,  which wi l l  decrease i t s  expected re turn .  

An in te res t ing  issue i s  what por t ion of  underwriting r i sk  i s  non-diversi£iable from 

the company's point  o£ view (not from the capi ta l  market 's point  o£ view).2 I£ we re- 

member tha t ,  the premium charged i s  an est imator  o£ the expected losses  (loaded for  

pro£it  and expenses) and as an est imator  i t  i s  i t s e l f  a random var iable ,  the variance 

o£ th i s  est imator  represents  systematic r i s k ; t h a t  is ,  i t  can not be driven to zero by 

insuring smaller and smaller pieces of  more and more po l ic ies .  This can be demon- 

s t ra ted  as £ollows : 
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Let ~ = t rue ,  but unknowable, expected losses  per r i s k  in  a given c l a s s  
A 
~!  = our es t imator  o f / ~  

The under lying ratemaking s t a t i s t i c s  are  a random sample drawn from 
a loss  d i s t r i b u t i o n  whose parameters we wish to  es t imate .  ~ i s  there-  
fore  a random v a r i a b l e .  

f~L~= pe rmiss ib l e  lo s s  r a t i o  used in  ratemaking (expenses are  considered p a r t  

of  losses )  

~ [ + ~  = i th  r i s k ' s  l o s se s  

~ = i th risk,'s ~derwr i t ing  results as a percent o£ premi~ 

0 = to ta l  company underwriting results as a percent o£ premi~ 

= premium per risk 

L=i  

~ s ~  ~ t  ~ and ~ are in~epeMent (the s ~ l e  o~ losses on ~ c h  ~ is based 

does not include ~-~ , which represen t s  n e r t  y e a r ' s  l o s s e s ) .  

[=, 

: " (~).~v,, )] 
So v~,~0)-~,.~,,',~o,(~ / ~ - ~  
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Two things in this analysis might be objected to. First, in primary ratemak~,b. 

the sample is usually so large that the variance of the estimator should be very 

small and second, that after the ratemaking statistics are collected, the  premitm 

is no longer a random variable. If you take a Bayesian point of view and allow ~; 

the true expected losses .for each risk in the class, to be a random variable be- 

cause it is unknown, then V(U) --~ ~ V(~,) a~ ~J-~ o~ where V ( ~I ) is the var- 

iance of the posterior distribution, which will include all the uncertaint 7 in- 

volved in £orcastin g trend conditions over the settlement period of next year's 

claims. P is now fixed total premiom. 

The poin t  i s  t ha t  the r i s k  the in su re r  faces has two components: f i r s t  even i f  the 

parameters of  the lo s s  d i s t r i b u t i o n  are  known ~ t h  c e r t a i n t y  there  i s  the var iance  

inheran t  in  the random l o s s  process .  I f  the frequency and s e v e r i t y  of  each r i s k  are  

independent from o ther  r i s k s  then t h i s  var iance  can be d i v e r s i f i e d  away. However, 

the second component of  the t o t a l  var iance  fac ing  the cor~any i s  doe to  the f ac t  

t h a t  the parameters of  the lo s s  d i s t r i b u t i o n  are  not known but are  only est imated.  

This component of  r i s k  i s  c l e a r l y  dependent r i s k  by r i s k  for r i s k s  us ing the same 

c l a s s  r a t e .  

This i s  an oversJJ~pl i f ic~t ion in  order  to  make the po in t  of  the s y e t e ~ t i c  na ture  

of t h i s  "ratemaking" r i s k .  In concrete  terms t h i s  i s  the r i s k  tha t  your lo s s  develop- 

ment procedure i s  g iv ing  you biased answers, or t ha t  a r egu l a to r  d i sa l lows  a v a l i d  

ind ica t ed  r a t e  change. Very complicated models would have to be cons t roc ted  to 

analyze the sys temat ic  and non-systematic  components of  an ac tua l  r a t e  making system 

involv ing  loss  development, t rend,  and c r e d i b i l i t y  weighted c l a s s  r e l a t i v i t i e s .  How- 

ever,  from a r e i n s u r e r s  point  of  view I f ee l  t h i s  component of r i s k  i s  very s i g n i f i -  

cane and I irr~gine i t  would be for  a primary company a l s o .  This component of  r i s k  can 
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be d i v e r s i g i e d  to sore  ex ten t  by wr i t ing  di£Ferent  l i n e s  oF bus iness  and in  di££ereot  

s t a t e s .  However, the re  are  p r a c t i c a l  ~arke t ing  and organiza t iona l  l i m i t a t i o n s  on how 

much t h i s  can be done. 

3. ~ EPPICI~rr SET ~OREM 

Figure I. in Mr. Bustic's paper illustrates the common technique in portfolio theory 

of plotting the expected return and variance (or szahdard deviation) of all possible 

Invas1~ent strategies (reFerred to as the Feasible set), then identifying part of the 

outer shell as being the eFFicient Frontier, that is, invest~nent strategies that rmst 

dominate all others. The standard approach is then to look For the highest utility 

curve an investor can reach. Usin 8 this type oF analysis it= is very te~npting to de- 

£ine the Feasible set as all possible underwriting and inves1~nent strategies an insur- 

ance company might Follow and then lookin8 For the  tangent  between the  eFFicient  se t  

and the insurance coxpany's utility Unction, as Mr. Bustic does in his figure Z. 

Howevar, we nn~st analyze whether the restrictive retm~ distribution and utility Ftmc- 

tion aasumptlons m~derlyln8 this technique hold in the case of insurance. We should 

a lso  cons ider  whether i t  i s  m a n i n g f u l  to say t ha t  an insurance compeny ( ra ther  than  

an indivi~l investor) has a utility function. 

E.p,~T,J ~ _) 

VarlQ~£~ O~ 
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The efficient set theorem is what allows you to reject all portfolios but the ones 

lying on the efficient frontier. It can be shown that regardless of the utility 

function, if returns are distributed normally, the efficient set theorem holds. 

However, the underwriting returns to an insurer are clearly non normal as is evidenced 

by the literature on the N-P approximation to aggregate loss distribution. 

It is possible trader non normal return distributions for preferred portfolios to lie 

in the interior of the feasible set. 

This is bee.-~e such preferred portfolios might have desirable properties in their 

higher moments which more than cotmterbalance the disutility of their increased 

variance. Of course, if it is possible for preferred portfolios to lie in the in- 

terior then we can not be sure that we are maximizing utility by moving farther to 

the upper l e f t  of the diagram. 

The second sufficient condition for the efficient set theorem is that t.he utility 

function is quadratic (regardless of the distribution of returns). A quadratic 

utility ftmction is one of the form, 

utili°v of return r - a * br + cr 2, c < o 
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However, quadratic utility functions have the undesirable property of increasing 

absolute risk aversion. This means that as a person's wealth increases the dollar 

amount he invests in risky assets decreases. It is sometimes argued that the 

quadratic can be used as an approximation for most reasonable utility functions. 

Finally, if a corporation is only risk averse to beta, not total variance of returns, 

then the usual utility functions of ~i (or of ~ , end of period wealth, which for 

a given initial wealth, W 0 , can be shown to be equivalent to functions of R i and Wo) 

will be insufficient to represent a corporation's decision making process. If it 

is possible to represent its decisions as maximizing expected utility, then this 

utility function must be a function of R~ in addition to Ri- 

The stm~aries of the issues that I see are - i. Can an insurer have a utility func- 

tion based on variance or must it also consider beta? - 2. If variance is an appro- 

priate component of the risk measure, is it the only component - can higher moments 

be ignored? Only if the answers to the above are positive can we use standard port- 

f o l i o  theory.  

4. ~ RESERVES TO PREMItld RATIO t v 

Mr. Bust ic  developed a very s i m p l i f i e d  model of  a proper ty  and ca sua l ty  insurer  so 

tha t  the bas ic  f i n a n c i a l  t h e o r e t i c  ideas  he wanted to convey would not be obscured by 

the d e t a i l s  of  a more complicated model. One proper ty  of h i s  model t h a t  should be 

noted i s  t ha t  h i s  bas ic  p r i c i n g  equation (32) 

U--vRf+bu ( ~ -  Rf) 
should not be used to determine an underwriting profit provision (even if you wish to 

practice "CAPM Pricing") unless v is constant thru time. The reason for this can be 

-93- 



most easily seen in the case b~ 0 which we have already argued means that you wish 

to price so that expected return from underwriting and investment income from in- 

surance operations (not from surplus) is zero. For ~=0 the above equaltion be- 

comes U + v Rf = O. Remember that v, the ratio of reserves to this year's premium, 

heavily depends on the pattern of prior year's premium writings. For example, if 

we are starting a new company then v = 0. What we really want v Rf to measure is 

the present value of expected investment income from future premitmts (minus their 

corresponding paid losses), that is, we want to discount our premium for expected 

investment income due to that premium. If we do not do this, but use the v Rf term 

instead, we can manipulate our ultimate profit by changing our premium writings and, 

therefore, changing our future v. 

However, note that using a present value term instead will give anomelous results 

from an accotmting point of view because expected investment income is not earned 

the same year the premium is  earned, but the expected underwriting loss  af fec ts  

earnings as the premium earns. 

~N~I~ 

I feel that a financial theoretic view of insurance such as Mr. Bustic took has sub- 

stantial walidity -- an insurer's stocks do not occupy some exalted position out- 

side the influences affecting the stock prices of other corporations -- but this approach 

also has many unresolved problems. There must be some price (greater than zero) for 

bearing non beta risk, otherwise the insurance market cannot operate. However, I also 

believe that that price will be less than the one for bearing beta risk, otherwise 

there would be great unexploited profit opportunities for forming large pools of non 

beta risk. If my conjecture of a "two price system" is true, then we must not talk 

about insurer's utility functions of Ri (insurer's return) only, but must consider 
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as preference rankings of joint distributions of ~6 a~ ~ - them 

if we talk about them at all. 

Notes 

i .  The bas i c  CAPM impl ies  t h i s  for  any type of corporat ion,  not j u s t  an insurance 

company. This i s  because the CAPM ~ l i e s  tha t  a corpora t ion  should s e l e c t  any 

i n v e s m e n t  p ro j ec t  with a r e tu rn  g r e a t e r  than R£ + b (R m - Rf) where b i s  the 

beta  for  t ha t  p ro j ec t .  Note tha t  t h i s  s e l e c t i e n  c r i t e r i o n  ignores  the var iance  of 

r e tu rns  on the p ro j ec t .  

2. I f  we be l i eve  in  CAHq p r i c i n g  then the fol lowing a n a l y s i s  i s  of  academic i n t e r e s t  

only,  because even though parameter var iance  puts  a l i m i t  on how much the insur -  

ance company can decrease i t s  var iance  of  returnsD the con~pany would only be 

allowed to charge for  t h i s  to  the ex ten t  i t s  b u was a f f ec t ed .  
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