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I. INTRODUCTION

The property and casualty insurance industry has historically analyzed 

its various profitability components by first defining, then analyzing, broad 

categories of insurance. Table 1 shows one possible means of categorization. 

There are others. Each category is called a "line" of insurance.

TABLE 1

A CATEGORIZATION OF PROPERTY AND CASUALTY INSURANCE

LINE DESCRIPTION

Automobile 
Workmen's Comp. 
General Liab. 
Burglary 
Plate Glass 
Bonds
Inland Marine 
Fi re
Homeowners 
Farmowners 
Package Policies

First & Third Party Insurance on Licensed Vehicles 
Employer Protection Against Injury to Employees 
Public Liability Insurance (Other Than Automobile) 
First Party Coverages Against Crime Losses 
First Party Coverages Against Glass Breakage 
Fidelity and Surety Guarantees
First Party Coverage for Other Than Fire or Automobile
First Party Coverage for Structures or Their Contents
Package Policies for Home Owners
Package Policies for Farmers and Ranchers
First & Third Party Insurance on Businesses

Generally speaking, a line of insurance will be determined according 

to a number of factors, such as the peculiarities of coverage afforded, 

market size or potential, expertise required to handle, and historical 

identification in the industry.

Within each line of insurance, various dimensions of measurement 

are invented to identify and cross reference the coverages with premiums 

charged and losses paid. A very intricate cost accounting system is estab

lished to classify the large and diverse population of possible insurance 

buyers.
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For example, within the line of automobile insurance, an automobile 

is classified according to such variables as the age of driver, gender of 

driver, use of the automobile, miles driven, past driving record of drivers, 

and so on. Hundreds of possible classes exist from various combinations 

of these variables. Then, for each of these classes, separate identification 

must be made for the type of coverage afforded (there are hundreds), type 

of vehicle insured (there are hundreds), and geographic territory in which 

the automobile is usually garaged (there are hundreds). Obviously, there 

are millions of possible combinations of these variables.

The record keeping requirements for all of the various combinations 

of variables is tremendous. It is small wonder that very little effort has 

been made to maintain separate sets of records for profit and loss experience
i

according to types of insurance policies. Insurance policies are not written 

to confine coverages to any given line of insurance, but are written to include 

portions of one or more lines of insurance in the policy coverages. Companies 

usually do not analyze profitability of types of insurance policies. Instead, 

they analyze profit and loss experience in a given line of insurance, without 

knowing whether certain types of policies reflecting that line are profitable.

The procedure most often used to analyze profitability is to identify 

the specific earned premium assigned to a given line, then deduct the specific 

incurred losses identified with that line. The resultant figure is divided by 

earned premium to show a "pure" loss ratio for that line of insurance. In 

accounting terminology, these losses could be compared with "direct costs" 

assigned to a product, which in this case would be the line of insurance.

Next, some method of allocating a portion of all other fixed and 

variable costs to each line is devised according to standard industry practices. 

That allocated amount is then deducted form the net figure of premiums minus
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losses, discussed in the preceding paragraph.1 The resultant net amount is 

called the underwriting profit.

Insurance rates are normally expected to be sufficient to allow an 

underwriting profit equal to 5% of earned premiums. This means that there is 

an expectation of a 95% composite of incurred losses and allocated costs to 

be deducted from the earned premiums.

In other words, the quotient obtained after dividing the earned premium 

for a given line into the sum of incurred losses and some kind of allocation 

of all other expenses is called a "composite loss ratio." The reader can better 

understand this procedure by studying Tables 2 and 3. These tables will also 

be referred to later in the paper.

In order to make any profitability study, a detailed costing system
l

must be defined which allocates all relevant costs--both direct and indirect-- 

to the products being studied. In this study, two products were defined and 

analyzed. They are Personal Automobile insurance policies (abbreviated P.A. 

throughout the paper), and Commercial Automobile insurance policies (abbreviated 

C.A. throughout the paper).

This paper will demonstrate the differences of profitability between 

these two groups of policies within the line of automobile insurance, for the 

Hawkeye-Security Insurance Company, in its Des Moines Regional Office. The 

study is limited to the period between January 1, 1970 and November 1, 1971.

1 It is noteworthy to mention also that almost all costs--both direct 
and indirect--are variable. Insurance companies are not permitted by law to 
own large amounts of fixed assets. See Fredrick Crane's discussion of this 
point in Automobile Insurance Rate Regulation (Columbus, Ohio: Bureau of 
Business Research, Ohio State University, 1962), p.16.
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II. METHODOLOGY AND LIMITATIONS

The product costing system used in this study defined personal 

automobile insurance policies (P.A.) as "all family automobile policies, 

plus a measured portion of basic automobile policies." To determine whether 

a basic automobile policy was "personal," the study demanded that a majority 

of the policy premium be derived from described automobiles used primarily 

for personal or family pursuits.

The study further defined commercial automobile insurance policies 

(C.A.) as "all automobile policies other than personal automobile policies," 

and included the remainder of the basic automobile policies, as well as all 

general-auto policies and commercial multi-peril policies.

The allocation of losses and expenses was made on a "per policy" 

basis. Wherever possible, direct costs were identified on individual policies. 

These costs were totalled for each group of policies (either P.A. or C.A.), 

then averaged for each policy which fell into that group.

Because of the definitions of personal and commercial automobile 

insurance, it was necessary to take unrestricted random samples of each of

these two populations. Also, one unrestricted random sample was required to
?

determine the proportion of each population in the combined total.

It is important to note that the policies sampled were in annual 

measurements. However, the samples spanned approximately twenty-two months.

^Traditional statistical information available as secondary source 
material is based upon car-years, by rating classification. That information 
does not fit the definitions of this study.
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Therefore, all incomes, losses or expenses which were not direct observations 

were measured for the same twenty-two month period (January 1, 1970 through 

November 1, 1971), then reduced to annual mean averages by multiplying the 

total of each by 12/22. These annual amounts were then allocated according 

to a process costing system, the methods of which are yet to be explained.

The first unrestricted random samples of each population were simul

taneously obtained from agents' accounts. The accounts of all agents selling 

insurance for the Des Moines Regional Office are arranged alphabetically 

by agent. Each agent's account is computed monthly and itemized alpha

betically by name of insured, by line of insurance. Beginning with the first 

agent in the "A" section of the 1970 agency statements, automobile policy 

numbers for new or renewal business were accumulated. Monthly billings v/ere 

reviewed until no more than six numbers v/ere listed for that agent. If six 

numbers were located for an agent in months one and two, then the next agent's 

account for month three was reviewed first. This procedure eliminated two 

possible bias factors: (1) an agent may habitually place a certain type of 

business with us, which would unnecessarily prejudice the sample if no limit 

were applied, and (2) "seasonality" of business is avoided. Two reviews were 

made on the agency account files. The first started with agent "A"; the second 

started with agent "M." Personal and commercial automobile policy numbers 

v/ere simultaneously accumulated in both reviews. In all, 296 personal auto

mobile policies and 70 commercial automobile policies were studied.

It was also necessary to determine the proportions of personal and 

commercial automobile policies. To do this, another type of unrestricted 

random sample was taken from the file banks in the regional office file room. 

The file banks are organized in terminal paired-digit order for all insurance
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policies, except commercial multi-cover policies. For example, a policy 

with number GA2-534967 would be filed in section 67, subsection 48-49. In 

that subsection, all policies with middle paired numbers 48 would come first, 

followed by the middle paired numbers 49. Each of these groups are arranged 

according to the ascending numerical value of the first two paired numbers.

The sample from this system was taken from three complete terminal digit 

sections, namely, 24, 51 and 83. Each section had fifty subsections. The 

sample thus taken eliminated the bias otherwise found in sequential issuance 

of policy numbers in a limited series of numbers. For example, if the regional 

office issued a set of policy numbers HC7-772201 through HC7-772300, then 

three of these policies would be contained in the sample. If the sample had 

not so utilized complete sections for measurement, some series of numbers 

of a particular type of policy would have been skipped.

The commercial multi-cover policies were filed according to ascending 

number size, but due to the relatively small number of them, a proportionate 

percentage was also reviewed. There were nineteen 100-series in this section 

(numbers 9-00001 through 9-01884), so all possible combinations of the 

terminal digit sample were checked. In other words, all policies ending in 

terminal digit 24 were looked for (out of nineteen possible), as were all 

policies ending in terminal digits 51 and 83.

In all, 492 personal automobile policies (87.7%) and 69 commercial 

automobile policies (12.3%) were found. The average number of all automobile 

policies in force was estimated as 19,800 (see Tables 2 and 3). The personal 

and commercial automobile policy populations were therefore computed by 

multiplying their proportions by the total estimate.

The policy numbers from the agency account sample were accumulated
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and the office copies pulled for individual review. Many variables were 

measured, including total policy earned premium, incurred losses (number 

and amount per policy), agent's commissions, number of automated policies, 

and number of installment payments of the annual premium.

Because 1970 statements were used to select the policy numbers in 

the first sample, nearly all policy periods had expired. This afforded 

two important advantages: (1) all policy premium had been earned, and 

(2) nearly all claims had been settled. One disadvantage was that the 

latter proportion sample had to assume that there was no difference between 

the ratio of personal to commercial automobile policies written in 1970 

and those in file in 1971. There is no known reason why this assumption 

cannot be held, however.

There are twenty-three sets of items compared in the Income Statement 

in Table 5. The allocation of each item is separately discussed.

Earned premium

This item is obtained by direct observation of 296 personal and 

70 commercial policies. The total earned oremium of each sample was 

divided by the number of policies in the sample to determine the mean.

Investment income

The total of Hawkeye-Security1s investment income from January 1, 1970 

to October 31, 1971 (net of expenses) was multiplied by 12/22 to establish the 

average annual investment income. The Des Moines Regional Office (abbreviated 

D.M.R.O.) share of this amount was established by using the same proportion 

as the D.M.R.O. share of the company's written premiums, since written premium 

is the primary capital used for investments.
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In other words,

D.M.R.O. total written premium _ D.M.R.O. investment income_____
total company written premium total company investment income

Next, the amount attributed to automobile was computed:

D.M.R.O. auto written premium _ D.M.R.O. auto investment income 
D.M.R.0. total written premiurn ~ D.M.R.O. investment income

One major factor affecting written premium is cash flow. Although

the study made no attempt to compare the exact proportion of cash flows, an

estimate was used by observing the number of installment payments made on

the total annual premium. For example, if a policy had been written for two

six month periods, then there were two installments on the annual premium.

Because the only installments observed in the samples were six month

installments, the cash flow impedence factor was included when calculating

the interest income allocated to each product (personal and commercial

automobile). The following formula was used to derive the interest rate.

D.M.R.O. auto investment income = P.A.I.I. + C.A.I.I., where

P.A.I.I. = personal automobile investment income, and

C.A.I.I. = commercial automobile investment income, and further where

a t t  = sample 1-pymt. policies . / sample 2-pymt. policies \ Z l\ 
all sample P.A. policies \ all sample P.A. policies^/ * \ 2 /

(total annual P.A. written premium), ( sample 2-pymt. policies \ /1\ (1\| ,
+ \ al 1 sampl e f t X p o TTcTes) * (? A ? ) j  '  1

(interest rate)*T

The formula for C.A.I.I. is similarly constructed, by substituting 

C.A. for P.A. Since the total annual P.A. (or C.A.) written premium can be 

derived by multiplying the average policy premium by the total number of 

P.A. (or C.A.) policies, the only remaining unknown is the interest rate. 

The interest rate was therefore derived by solving for this remaining

unknown variable.
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The annual investment income per policy was then computed. Interest 

rate is now known, so P.A.I.I. and C.A.I.I. are easily computed. Therefore,

personal automobile investment income perpol icy = ? ‘---,-r— =— , and1 r J all P.X policies

commercial automobile investment income per policy = — =■—K K J all C.A. policies

Incurred losses under $10,000 each

These figures were obtained by direct sample measurement of the mean. 

No losses over $10,000 were permitted in this category. Any claims still 

pending were assigned arbitrary average losses, called "X" reserves, for 

each coverage involved. These assigned amounts were used by the claims 

department as legal reserves pending settlement, and are adjusted annually 

according to the prior year's experience. These reserves are shown in 

Table 4 below.

TABLE 4

1970 AND 1971 "X" RESERVES

TYPE OF COVERAGE 1970 "X" RESERVE 1971 "X" RESERVE

Bodily Injury (set each claim) (set each claim)

Property Damage $170.00 $185.00

Medical Payments 250.00 250.00

Acc. Death Benefit 1000.00 1000.00

Comprehensive 300.00 315.00

Collision 160.00 170.00

Miscellaneous 25.00 25.00

For example, an unsettled loss occurring in 1971 involving Medical 

Payments and Collision would be assigned a claim amount of $420.00 ($250.00 

plus $170.00).
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Distributed losses over $10,000 each

These figures were obtained by isolating all Des Moines Regional 

Office automobile losses over $10,000 each from secondary data, then adjusted 

to an annual average (multiplying by 12/22), then dividing the total amount 

of losses for each product by the policy population for each product.

All such losses were known from the accumulated major loss reports 

for the period involved with this study. The P.A. and C.A. populations were 

available from the proportion sample.

Claim adjustment expense

The annual mean average of this expense item was determined by 

multiplying the sum of the automobile claim adjustment expenses from January 1, 

1970 to November 1, 1971 by 12/22 (see Tables 2 and 3). This average was 

then allocated to P.A. and C.A. policies according to the observed claims 

frequency in the samples of those policies. This allocation assumes that 

such assigned expenses do not discriminate between personal automobile or 

commercial automobile claims. According to the D.M.R.0. claim department 

manager, this is a reasonable assumption.

Home office--claim expense

This item was allocated in the same manner as in the above "claim 

adjustment expense."

Home office-production expense

The annual automobile portion of this expense has been allocated 

to P.A. and C.A. policies in the same proportion as total earned premium.

The P.A. earned premium factor was determined according to the following 

formula:
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P.A. earned 
premium factor

/# P.A. policies per samp1e\. /average 
_\total policies per sample/ y

X

P.A. policy premium
’)

# P.A. policies p 
total policies p

ir x
prem

A  ■ j^C.A. policies p.s.\ /ave C.A. \ 
m ) + ttotal policies p.s.)*Ipol. prem.}

p.s\ /ave. 
.5./1 p°l.

and

C.A. earned premium factor = 1 - (P.A. earned premium factor).

From the samples, P.A. earned premium factor = .703, and C.A. earned premium 

factor = .297.

Home office--underwri ting expense

This item was allocated in the same manner as in the above "home office- 

production expense."

Home office-data processing expense

This allocation ha$ been based on certain assumptions and estimates 

which are logical, but by no means perfect.

First, because of a substantial increase in the expenses of this 

department during 1971, it was felt that the full current annual expenses 

should be considered in this study. These expenses were estimated by the 

department head to be $450,000, including equipment rental and salaries.

Next, an assumption was made that the total department expenses may 

be allocated on the basis of machine time. Supervisors in this department 

agreed with this assumption. Three supervisors were independently asked 

what percentage of total machine time was devoted to all automobile business 

(that is, for Hawkeye-Security and United Security Insurance Companies).

The three responses were 60%, 50% and 60%, which average to an estimate of 

57%. It was felt that these estimates for all automobile transactions for 

both companies would be more accurate than to try to only estimate machine 

time for just Hawkeye-Security Insurance Company.
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The department maintains a transaction report for its automobile 

business which separates transactions into two categories: automated and 

non-automated. These transaction reports indicate the number of premium 

items shown in all agents' statements, including new or renewal business, 

and endorsements or cancellations. The transactions are subtotal!ed by 

regional office and totalled by company.

Another assumption must be made in order to separate personal from 

commercial automobile transactions. The automated automobile transactions 

must be assumed to be personal, and the non-automated automobile transactions 

must be assumed to be commercial. This assumption is not unreasonable, 

because as shown in the results, the number of non-automated personal auto

mobile policies are relatively the same as the number of automated commercial 

automobile policies.

Using the above assumption, the total transactions for the period of 

the study were computed. Totals were computed for all Des Moines Regional 

Office automated and non-automated transactions for Hawkeye-Security. Similar 

totals were computed for automated and non-automated transactions for both 

Hawkeye-Security and United Security company figures. The six totals thus 

computed were reduced to an annual average.

In order to make the transition from these transaction counts to machine 

time, a relationship between each transaction count, in terms of required 

machine time, was necessary. These relationships were determined in an interview 

with a department supervisor. Future studies of this nature should empirically 3

3
Automated policies are those which are rated and typed by the computer 

equipment, in addition to storage and periodic print out of statistical and 
billing information. Non-automated policies are manually rated and typed, 
but statistical and billing information for such is still stored and periodically 
printed out by computer equipment.
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determine these relationships. For example, if Hawkeye-Security non- 

automated transactions required one unit of machine time, then it was felt 

that twice this amount of machine time was required for United Security 

non-automated and Hawkeye-Security automated. Further, it was felt that 

United Security automated transactions required three times the machine time 

as Hawkeye-Security non-automated. Using these relationships to multiply 

times the average annual transactions, the following machine time relationships 

were established:

H-S DMRO P.A.M.T. = Hawkeye-Security D.M.R.O. personal automated machine time
= Hawkeye-Security D.M.R.O. automated transactions x 2

H-S Co. P.A.M.T. = Hawkeye-Security company personal automated machine time
= Hawkeye-Security company automated transactions x 2

U.S. Co. P.A.M.T. = United Security company personal automated machine time
= Unitpd Security company automated transactions x 3

H-S DMRO C.A.M.T. = Hawkeye-Security D.M.R.O. commercial automated machine time
= Hawkeye-Security D.M.R.O. non-automated transactions x 1

H-S Co. C.A.M.T. = Hawkeye-Security company commercial automated machine time 
= Hawkeye-Security company non-automated transactions x 1

U.S. Co. C.A.M.T. = United Security company commercial automated machine time
= United Security company non-automated transactions x 2

Now knowing the values of these relative machine times, the allocation

of the personal and commercial automobile product shares for just the Des Moines

Regional Office was computed by the following formulas:

Personal automobile share = ($450,000)«(57%)•

/ H-S DMRO P.A.M.T. \
lH"-s' Co."'P'.A.¥.T." + U3. "Co." "P.A.M.T. H'-'S"C'o." C . O T . '  T07 "Co." "CÏA.M.T. )

and commercial automobile share = ($450,000)»(57%)•

( < H-S DMRO C.A.M.T. \
\ H-S "Co. P.A.M.t. + U.S. Co. P.A.M.T. + H-S Co. C.A.M.T. + U.S. Co. C.A.M.T. )
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Home office-general overhead expense

This item includes such departments as personnel, accounting, 

management services, and executives. Allocation was made in the same manner 

as in home office production expense.

Premium tax incurred

Premium tax is a flat two percent assessment of written premium. In 

this study, written premium and earned premium are equal.

Agents' commissions incurred

This item was obtained by direct observation of the samples. Each 

personal automobile policy premium was multiplied by the applicable commission. 

The resultant total dollar commissions were totalled, then divided by the 

total of all personal automobile policies premiums, yielding the average 

commission. This procedure was repeated for the commercial automobile 

average commission, substituting commercial automobile figures for personal.

Agents' profit sharing expense

This item was allocated by percentage of earned premium, as in the 

home office production expense item, but using only the known 1970 annual 

amount. Future studies should independently survey the agents reimbursed, 

and determine the type of business upon which the profit was made--that is, 

whether it was made in automobile insurance, and if so, what kind.

The remaining expenses are not separated by departments in the regional 

office, but rather are combinations of the three major departments in each 

expense account.

Advertising

This item was allocated in the same manner as was done in the home



office production expense. Future studies should analyze the type of 

advertising done in the locale to better allocate this expense.

Inspections and surveys--not by employees

According to the samples the ratio of personal policies* inspections 

and surveys to commercial was approximately 5.39 to 1. The expense was 

allocated in the same proportion.

Salaries

Because this is a large expense item, a separate substudy was made 

to determine what percentage of each employee's time was spent on personal 

automobile and commercial automobile business for Hawkeye-Security. Employee 

time, therefore, is the basis of allocation of this expense.

To determine employee time, a survey was conducted of all ninety-seven 

employees in the regional office. Each employee was asked to complete a 

questionnaire form. A copy of this form is identified as Exhibit 1 in the 

Appendix. The reader may wish to refer to this form to better understand 

the explanation which follows.

The questionnaire form asks the name and job description of the 

employee. Then the following information is sought: what percentage of 

the employee's time is spent with automobile insurance? What proportion of 

that percentage is spent in just Hawkeye-Security automobile insurance?

Of the result, how much is personal automobile and how much is commercial 

automobile? The latter two answers, expressed as percentages, were then 

multiplied times each employee's current salary to establish salary allocations 

per employee. The employee allocations were then totalled by personal 

and commercial sums, each of which were then divided by the policy populations 

for each line. The result was the per policy allocation of salary.

17
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The last question of the questionnaire determined the proportion 

of personal to commercial automobile time by asking percentage of time spent 

on given types of policies. The reader will recall that the study defined 

personal automobile insurance as all family automobile policies (HF3-), and 

a portion of basic automobile policies (HC7-). This portion was empirically 

established in the previous proportion sample to be 38.6%. The remainder of 

HC7- policies (61.4%) were therefore commercial. To determine the total 

percentage of employee time on personal automobile insurance, therefore, 

the following formula was used:

P.A.E.T.P. = personal automobile employee time percentage
= Question 3(b)%*Question 4 Hawkeye %• [Question 5(a)% + (.386) Question 5(c

To determine total percentage of employee time on commercial automobile

insurance, the following formula was used:

C.A.E.T.P. = commercial automobile employee time percentage 
= [Question 3(b)% ♦ Question 4 Hawkeye P.A.E.T.P.

The reader may rightly question the accuracy of information provided 

by the questionnaire technique. However, unless (or until) a time and motion 

study can be made to improve the accuracy, it seems that the questionnaire 

form is the next most reliable sorce of information with regard to employee time.

Employee relations

The average annual total expense indicated by the management reports 

(Tables 1 and 2) was multiplied by the average percentage of employee time 

spent on each line. These average percentages were determined by adding all 

employees' personal automobile percentages from the survey, then dividing the 

sum by the number of employees. This was also done for commercial automobile 

percentages.
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Travel and expense accounts

This item was directly allocated by employee time spent on personal 

and commercial automobile. All employees who regularly travelled were grouped 

together. The average (mean) annual expense was calculated for each person, 

then multiplied by that employee's time percentages for personal and commercial 

automobile. The resulting dollar amounts were then totalled by line.

The total annual expenses of the group were also summed and compared 

with the total annual average travel and expense account expenses from 

the management reports. The group total annual expenses were 8.1% lower than 

the management report figures. It was assumed that the difference in totals 

was due to travel expenses created by other employees who only travel 

infrequently. Therefore, the total personal and commercial automobile dollar 

expenses were inflated by 8.1% to more closely approximate all of the D.M.R.O. 

travel and expense account expenses to be allocated to personal and 

commercial automobile.

Rent

This item was allocated by employee time, in the same manner as in 

employee relations. Future studies should also survey the floor space requirements 

for personal and commercial automobile operations.

Equipment

This item was allocated in the same manner as in employee relations.

Future studies should also survey the equipment expense per person and allocate 

from this information.

Printing and supplies

This item was allocated in the same manner as in home office production



expense (percentage of earned premium). A direct study of this expense may 

be more accurate.

Postage--telephone--telegraph

This item was allocated by percentage of policy count. It was 

assumed that the expenses for each policy would be approximately equal.

It is possible that this assumption understates the proportion belonging to 

commercial automobile. Future studies should directly measure these expenses 

for more accuracy.

All other

This item includes such expenses as boards and bureaus, insurance, 

legal, taxes, and miscellaneous. All allocated as a percentage of earned 

premium, in the same manner as home office production expense.

20
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III. RESULTS

The results will be discussed in the same sequence as presented in 

the discussion of items in the previous Methodology and Limitations section. 

Detailed sample observations are not included in this paper due to their 

bulk. However, some interesting comparisons and tests of the reliability 

of this study are included.

Earned premium

The mean value of a personal automobile policy was computed to be:

each policy premiiun^* sample size =
$48,398.44

296
$163.51

The mean value of a commercial automobile policy was computed to be:

each policy premiuml+ sample size =i^«
$34,526.17

70
$493.23

The stastistical errors of estimation for these amounts are shown 

in Exhibit 2 of the Appendix. The commercial error is high, due to the 

variance of individual policy premiums.

An additional test of the validity of these amounts may be made by 

comparing the study's prediction for combined P.A. + C.A. earned premium for 

the period involved--January 1, 1970 to November 1, 1971--with the combined 

average annual earned premium from the management reports in Tables 2 and 3.

From the study, the combined average annual earned premium is 

predicted to be:

(Average P.A. premium)»(po. of P.A. policies in force') = ($163.51)* (17,365) 
+fAverage C.A. premium)*(no. of C.A. policies in force) = ($493.23)«(2,435)

Total earned premium for the automobile insurance line = $4,040,366
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From the management reports, the combined average annual earned 

premium is indicated as:

(12/22) (Dec., 1970 earned premium + Oct., 1971 earned premium) =
(12/22) ($4,276,745 + $3,960,678) = $4,493,514

The sample prediction is 10.1% lower than the management report.

Investment income

Applying the formulas discussed in the Methodology and Limitations section,

thereforeD.M.R.O. investment income_____ _ D.M.R.O. total written premium
total company investment income " total company written premium

D.M.R.O. investment income = (12/22)*($2,065,998.98)»(29.1%) = $327,592.

aUn D-M.R.O. auto investment income ^ D.M.R.O. auto written premium __
’ D.M.R.O. investment income D.M.R.O. total written premium L

D.M.R.O. auto investment income = ($327,592)*(47.9%) = $156,753.

Recall that P.A.I.I. = personal automobile investment income, and

C.A.I.I. = commercial automobile investment income. Substituting numbers

into the formulas given in the Methodology and Limitations section,

and•1 • =(? MfWm-V GMm) * (?)• (ä]*E2,839,351) *( i3
.A . ! . ! .  = (^)| • |( 1.201,015 )• ( il^

P.A.I 

C Recall that

P.A.I.I. + C.A.I.I. = 156,753. Solving this formula for i, we get i = 4.27%, 

which represents the combined rate on all automobile premium.

Mow knowing i to be 4.27%, P.A.I.I. and C.A.I.I.can be determined. 

P.A.I.I. = ($2,501,469)*(4.27%) = $106,813, and C.A.I.I. = ($1,162,581)•(4.27%) = 

$49,642. Therefore, P.A.I.I. per policy = ($106,813)*(17,365) = $6.15, which 

is a 3.3% effective rate on average annual policy premium. Further, C.A.I.I. 

per policy = ($49,642)t *(2,435) = $20.39, which is a 4.1% effective rate on 

average annual policy premium.



23

Incurred losses under $10,000 each

The mean value of a personal automobile policy was computed to be: 

each policy loss')-resample size') = ($20,711.66)4-296 = $69.97. The mean 

value of a commercial automobile policy was computed similarly, as follows: 

^«6^ each policy loss^~r(sample siz^ = ($20,284.90)-r70 = $289.78.

The stastical errors of estimation for these amounts are shown in 

Exhibit 2 of the appendix. This is noticeably high, due to the variance 

of individual policy losses.

Another test of the validity of these loss results may be made by 

comparing the study's predicted combined average annual losses with the 

combined auto average annual losses from the management reports in Tables 

2 and 3. Because the management report loss totals include all losses, the 

following discussion of losses over $10,000 must be made before applying the 

combined test.

Distributed losses over $10,000 each

All losses in this category were reviewed, and identified as personal 

or commercial automobile losses. The amount used for each loss was the actual 

amount paid--or if not yet settled, the amount reserved.

The total amount of losses for each product was then adjusted to an 

annual average amount, and divided by the population of that product.

Personal automobile major losses per policy = (12/22)»(272,041.Il)-rl7,365, 

which figures out to be $8.55 loss per policy, representing 5.2% of the 

earned premium. The commercial automobile major losses per policy were 

(12/22)»($391,112)*r2,435 = $87.62 loss per policy, representing 17.8% of 

the earned premium.

The combined losses test is now made against the management report losses:
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According to the sample, the annual average combined auto losses should have 

been the sum of predicted total P.A. losses and C.A. losses. Converting to 

numbers, this becomes ($69.97 + $8.55)*(17,265) + ($289.78 + $87.62)-(2,435) 

= $1,363,500 + $918,969 = $2,282,469.

The average annual incurred losses taken from the management reports 

were (12/22)-(2,513,867 + 2,146,287) = $2,542,114.

The sample prediction is 10.2% lower than the management report.4

Claim adjustment expense

The P.A. proportion of the average annual claim adjustment expenses 

is represented by the following formula:

P.A. share = (12/22)-(110,363 + 99,494). .25 x 17,365
(.25 x 17,365) + (1.03 x 2,4357

= $72,572

The P.A. share per policy =* $72,572+17,365 = $4.18, or 2.6% of earned premium.

The C.A. proportion of the average annual claim adjustment expenses

is represented by the following formula:

C.A. share = (12/22). (110,363 + 99,494)-( 2b „ 17 x - $«.895

The C.A. share per policy = $41,895+-2,435 = $17.21, or 3.5% of earned premium.

Home cffice--claim expense

Following the above format and substituting percentages for the 

claims frequency fractions, P.A. share = (12/22)•($25,660 + $23,764)•(63,4%), 

which figures out to $17,093. Reducing this amount to a per policy amount

4An interesting observation is that the developed combined loss ratio 
(represented by dividing incurred losses by earned premium) is nearly identical 
in the sample results as in the management report averages. The sample combined 
loss ratio is 56.0%, compared with the management report average loss ratio of 
56.5%. This close correlation is possible because each of the combined earned 
premium and incurred loss amounts are lower than the management report amounts, 
by approximately the same percentages.
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the P.A. share = $17,0937-17,355 = $.98 per policy, or 0.6% of earned premium. 

Similarly, the C.A. share = (12/22)*(25,660 + 23,764)*(36.6%) = $9,868, and 

C.A. share per policy = $9,8684*2,435 = $4.05, which is 0.8% of earned premium.

Home office-production expense

The P.A. and C.A. total and per policy shares are represented below:

P.A. share = (12/22). (12,930 + 11,329)- ((.8?? / i i H . s l f f  (fjk x -$493.23)) ̂ 9-303 

P.A. share per policy = $9,3034*17,365 = $.54, or 0.3% of earned premium.

C.A. share - (12/22)-(12,930 ♦ 11,329)-(( , 5 7 7  x($ll|■ SI)^~ (f k 'S' « m O ? ) )

C.A. share per policy = $3,930 —  2,435 = $1.61, or 0.3% of earned premium.

Home office-underwriting expense

The P.A. and C.A. total and per policy shares are represented below:

P.A. share = (12/22)»($36,114 + $31,469)«(.703) = $25,918.

P.A. share per policy = $25,9184*17,365 = $1.49, or 0.9% of earned premium.

C.A. share = (12/22)*($36,114 + $31,469)*(.297) = $10,949.

C.A. share per policy = $10,9494*2,435 = $4.50, or 0.9% of earned premium.

Home office— data processing expense

A test was applied to the assumption that automated automobile trans

actions may be considered personal automobile transactions, and that non- 

automated automobile transactions may be considered commercial automobile 

transactions. If the number of P.A. non-automated policies is close to the 

number of automated policies, their transactions practically offset one 

another, and can be considered equal. The study showed that the number of 

P.A. non-automated policies equalled 643, and the number of C.A. automated 

policies equalled 835. There is a 77% correlation in these figures, and 

considering their impact on the population of 19,800 policies, the assumption
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was considered valid.

The average annual transaction counts, machine time multipliers and 

machine time relationships are shown in Table 5 below.

TABLE 5

ESTIMATED MACHINE TIME RELATIONSHIPS

TYPE OF TRANSACTION:
AVE,ANNUAL AUTOMOBILE MACHINE TIME MACHINE TIME 

TRANSACTION COUNT x MULTIPLIER "RELATIONSHIPS

Automated Automobile 
(assumed personal):

H-S DMRO 
H-S Co.
U.S. Co.

41,571 x 
175,884 x 
109,700 x

2 = 83,141
2 = 351,767
3 = 329,099

Non-automated Automobile 
(assumed commercial):

H-S DMRO 9,169 X 1 = 9,169
H-S Co. 32,349 X 1 = 32,349
U.S. Co. 3,223 X 2 = 6,446

Recalling that total departmental expenses were $450,000, and that the 

estimated machine time attributed to all automobile transactions was 57%, the 

D.M.R.O. personal and commercial automobile shares of data processing expenses 

were calculated as follows:

P.A. share = (3 5 - ^ 7 5 7 + 329^099 + 32,349 + 6 ,445)* ̂ 57%)‘ ($50»00°) = $29,754.

P.A. share per policy = $29,754^17,365 = $1.71, or 1.0% of earned premium.

C.A. share = Q) * (57%)* ($450,000) = $3,335.

C.A. share per policy = $3,335~2,435 = $1.37, or 0.3% of earned premium.

Home office--general overhead expense

As it appears in the management reports, this expense includes an 

arbitrary allocation to the data processing department. Because this study
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has already allocated an amount to that department, the arbitrary allocation 

must be eliminated. It was found that the data processing allocation in 1970 

was $4,270. The pro rata allocation to this department as of November 1, 1971 

was $39,516. Referring again to the management reports, the following formula 

eliminates the data processing allocation from the average annual general 

overhead expense: (12/22)*($73,119 - $40,270 + $71,750 - $39,516) = $35,500. 

This adjusted item was then distributed as follows:

P.A. share = (.703)*($35,500) = $24,956.

P.A. share per policy = $24,956 *r 17465 = $1.44, or 0.9% of earned premium.

C.A. share = (.297)•($35,500) = $10,544.

C.A. share per policy = $10,544-f2,435 = $4.33, or 0.9% of earned premium. 

Premium tax incurred ,

The P.A. and C.A. per policy shares are represented below:

P.A. share per policy = ($163.51)*(2%) = $3.27.

C.A. share per policy = ($493.23)*(2%) = $9.86.

Agents' commissions incurred

The P.A. and C.A. per policy shares are represented below:

P.A. share per policy = ($163.51)*(19.4%) = $31.72.

C.A. share per policy = ($493.23)«(19.5%) = $96.18.

Agents' profit sharing expense

The P.A. and C.A. total and per policy shares are represented below: 

P.A. share = ($22,649)*(.703) = $15,922.

P.A. share per policy = $15,922- H 7 ,365 = $.92, or 0.6% of earned premium.

C.A. share = ($22,649)* (.297) = $6,727.

C.A. share per policy = $6,727-r2,435 = $2.76, or 0.6% of earned premium.
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Advertising

The P.A. and C.A. total and per policy shares are represented below:

P.A. share = (12/22)-($5,439 + $3,321)-(.703) = $3,360.

P.A. share per policy = $3,360-rl7,365 = $.19, or 0.1% of earned premium.

C.A. share = (12/22)-($5,439 + $3,321)•(.297) = $1,419.

C.A. share per policy = $1,419-f-2,435 = $.58, or 0.1% of earned premium.

Inspections and surveys--not by employees

The P.A. and C.A. total and per policy shares are represented below:

P.A. share = (12/22)• ($37,217 + $38,089)-(5.39/6.39) = $34,648.

P.A. share per policy = $34,648-r17365 = $2.00, or 1.2% of earned premium.

C.A. share = (12/22)-($37,217 + $38,089)-(1.00/6.39) = $6,429.

C.A. share per policy = $6,429t 2,435 = $2.64, or 0.5% of earned premium.

Salaries

The P.A. and C.A. total and per policy shares are represented below: 

Where X = each employee's derived salary allocation to personal automobile, and 

where Y = each employee's derived salary allocation to commercial automobile, 

P.A. share = X = $124,650.

P.A. share per policy = $124,650-r 17,365 = $7.18, or 4.4% of earned premium. 

C.A. share = Y = $84,948.

C.A. share per policy = $84,948-f-2,435 = $34.89, or 7.1% of earned premium. 

Employee relations

The P.A. and C.A. total and per policy shares are represented below:

P.A. share = (12/22)-($31,294 + $20,482)-(18.3%) = $5,168.

P.A. share per policy = $5,168-r17,365 = $.30, or 0.2% of earned premium.

C.A. share = (12/22)-($31,294 + $20,482)•(12.4%) = $3,502.

C.A. share per policy = $3,502-7-2,435 = $1.44, or 0.3% of earned premium.
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Travel and expense accounts

There were thirty-three traveling employees in the Des Moines Regional 

Office. The annual average of each traveling employee was first determined.

Then the sum of these averages was determined to be $114,942. As discussed 

earlier in the paper under the Methodology and Limitations section, this 

figure is less than the average annual travel expense shown in the management 

reports. The management report average is (12/22)«($117,023 + $110,532) = $124,121.

The P.A. and C.A. total and per policy shares are represented below:

Where U = each employee's travel expense allocation to personal automobile, and 

where V = each employee's travel expense allocation to commercial automobile,

P.A. share = ($124,121-r $114,942)* U = $15,933.

P.A. share per policy = $15,983-5*17,365 = $.92, or 0.6% of earned premium.

C.A. share = ($124,121«r$il4,942)«|^i V = $12,646.

C.A. share per policy = $12,646-r2,435 = $5.19, or 1.1% of earned premium.

Rent

The P.A. and C.A. total and per policy shares are represented below:

P.A. share = (12/22)«($50,141 + $47,229)*(18.3%) = $9,719.

P.A. share per policy = $9,719r17,365 = $.56, or 0.3% of earned premium.

C.A. share = (12/22)*($50,141 + $47,229)«(12.4%) = $6,586.

C.A. share per policy = $6,586r2,435 = $2.70, or 0.5% of earned premium.

Equipment

The P.A. and C.A. total and per policy shares are represented below:

P.A. share = (12/22)«($7,849 + $7,339)*(18.3%) = $1,516.

P.A. share per policy = $1,516*7*17,365 = $.09, or 0.1% of earned premium.

C.A. share = (12/22)*($7,849 + $7,339)«(18.3%) = $1,027.

C.A. share per policy = $1,027*7« 2,435 = $.42, or 0.1% of earned premium.



Printing and supplies

The P.A. and C.A. total and per policy shares are represented below: 

P.A. share = (12/22)-($2,937 +$1,691)-(.703) = $1,775.

P.A. share per policy = $l,775-rl7,365 = $.10, or 0.1% of earned premium. 

C.A. share = (12/22)-($2,937 + $1,691)-(.297) = $750.

C.A. share per policy = $750r 2,435 = $.31, or 0.1% of earned premium.

Postage--telephone— telegraph

The P.A. and C.A. total and per policy shares are represented below: 

P.A. share = (12/22)-($20,413 + $20,145)•(87.7%) = $19,401.

P.A. share per policy = $19,401 4- 17,365 = $1.12, or 0.7% of earned premium. 

C.A. share = (12/22)-($20,413 + $20,145)•(12.3%) = $2,721.

C.A. share per policy = $2,721-r2,435 = $1.12, or 0.2% of earned premium.

All other

The

P.A. share

P.A. share

C.A. share

C.A. share

P.A. and C.A. total and per policy shares are represented below: 

= (12/22)-($8,204)-(.703) = $3,146.

per policy = $3,146-f17,365 = $.18, or 0.1% of earned premium.

= (12/22)-($8,204)-(.297) = $1,329.

per policy = $1,329 f2,435 = $.55, or 0.1% of earned premium.
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IV. SUMMARY

All of the twenty-three income, loss and expense items are summarized 

on a "per policy" basis in Table 6.

There is a clear indication that for the period involved, personal auto

mobile policies were much more profitable than commercial automobile policies.

The major bulk of this difference is found by comparing the percentages of 

gross losses to earned premium (that is, comparing the "pure" loss ratios).

A comparison of the total expenses between the P.A. and C.A. policies 

shows no large difference, although single expense comparisons are very inter

esting. For example, uncjer salary expense, one sees that more salary is required 

to produce C.A. than P.A. policies ($34.89 to $7.18, or 7.1% to 4.4% of earned 

premiums). This is partially offset by higher home office data processing ex

penses for P.A. than C.A. policies ($1.71 to $1.37, or 1.0% to 0.3% of earned 

premiums).

Another interesting expense comparison is in agents' commissions incurred. 

One sees here that there is no significant diffenence between the two expense 

percentages (19.4% for P.A. to 19.5% for C.A.). It was commonly believed that 

C.A. agents' commissions would be several percentage points higher.

The credibility of this study could have been enhanced by taking 

additional random samples, for the larger the sample, the smaller the statistical 

errors of estimate and the larger the degree of confidence.

However, even though the number of random samples in this study were less 

than desired, the findings are valid. The only benefit gained by a larger 

sample would be to establish a closer degree of confidence regarding the amount



TABLE 6

COMPARATIVE PRODUCT INCOME STATEMENTS BETWEEN PERSONAL AMD COMMERCIAL AUTOMOBILE POLICIES

INCOMES, LOSSES & EXPENSES AVERAGE POLICY AMOUNTS 
PERSONAL AUTO COMMERCIAL AUTO

PERCENTAGE OF EARNED PREMIUM 
PERSONAL AUTO COMMERCIAL AUTO

Earned Premium $163.51 $493.23 100.0% 100.0%
Investment Income 6.15 20.39 3.8 4.1

Gross Income Subtotal: +$169.66 +$513.62 +103.8% +104.1%
Incurred Losses Under $10,000 69.97 289.78 42.3 58.8
Distributed Losses Over $10,000 8.55 87.62 5.2 17.8

Gross Losses Subtotal: - 78.52 - 377.40 - 48.0 - 76.6
Claim Adjustment Expense 4.18 17.21 2.6 3.5
Home Office--Claim Expense .98 4.05 0.6 0.8
Home Office--Production Expense .54 1.61 0.3 0.3
Home Office--Underwriting Expense 1.49 4.50 0.9 0.9
Home Office--Data Processing Exp. 1.71 1.37 1.0 0.3
Home Office--General Overhead Exp. 1.44 4.33 0.9 0.9
Premium Tax Incurred 3.27 9.86 2.0 2.0
Agents' Commissions Incurred 
Agents' Profit Sharing Expense

31.72 96.18 19.4 19.5
.92 2.76 0.6 0.6

REGIONAL OFFICE— ALL DEPARTMENTS: 
Advertising .19 .58 0.1 0.1
Inspections & Surveys (not empl.) 2.00 2.64 1.2 0.5
Salaries 7.18 34.89 4.4 7.1
Employee Relations .30 1.44 0.2 0.3
Travel & Expense Accounts .92 5.19 0.6 1.1
Rent .56 2.70 0.3 0.5
Equipment .09 .42 0.1 0.1
Printing & Supplies .10 .31 0.1 0.1
Postage-Telephone-Telegraph 1.12 1.12 0.7 0.7
All Other .18 .55 0.1 0.1

All Expenses Subtotal: - 58.89 - 191.71 - 36.1 - 38.9

Profit (Loss): $32.25 $(55.49) 19.7% (11.4)%
CO
ro
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of difference in profitabilities. In support of this statement, we may 

examine some of the known information.

The loss ratio for the study's period was 56.6% according to the 

management reports. This compares to the study's predicted combined loss ratio 

of 56.0%. It was further observed that the management report's combined earned 

premium for the period exceeds the study's predicted earned premium by 10.1%. 

Similarly, the management report's incurred losses exceed the study's predicted 

incurred losses by 10.2%. How would the study be affected if all of these 

differences were loaded against the findings? The answer is that the same 

conslusions would be reached. The total earned premium difference per P.A. 

policy is $26.10. The incurred losses per P.A. policy would be inflated by a 

$14.95 difference. The resulting profitability for P.A. policies would be 

determined as follows:

New P.A. profitability = 103.8% - ($69.97 + $14.95)-r($163.51 - $26.10) - 36.1% 

New P.A. profitability = 4.2%.

The study's profitability results for C.A. policies showed a loss 

of 11.4%. There are still over fifteen percentage points separating the profit

abilities of each product. Therefore, any hypothesis that commercial automobile 

insurance was more profitable than personal automobile insurance may still be 

rejected.
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V. CONCLUSIONS

This study has obtained business facts and established reasonable 

techniques for profitability analysis for yet another dimension of management 

control in property and casualty insurance. It has established an example of 

how to define and allocate product costs, specifically for automobile insurance 

policies in the Des Moines Regional Office of Hawkeye-Security Insurance 

Company. This has been the first systematic attempt in this company to allocate 

incomes, losses and expenses onaa "per policy" basis.

What has caused the results of this study to be so dramatic? There are 

several possible causes for the difference in loss ratios. Three of these 

possible causes are discussed in the following paragraphs.

Perhaps there is a rate inadequacy in conmercial automobile and a rate 

surplus in personal automobile insurance. In the territories controlled by 

the D.M.R.O. the company used rates which are deviated ten per cent downward 

from standard industry commercial class rates on three large premium coverages. 

Conversely, in the personal class rates, only one large premium coverage was 

deviated downward. This rate strategy may need critical review.

Perhaps the underwriting selection of risks is more stringent for P.A. 

policies than is necessary, and conversely, not stringent enough for the C.A. 

policies.

Perhaps the premium derived for commercial automobile policies contains 

excessive discounts, such as fleet, schedule, experience or acquisition credits. 

It is the practice of the Des Moines Regional Office to solicit an entire 

account for commercial insurance whenever possible, encompassing not only
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automobile insurance, but all available commercial lines of insurance. This 

solicitation is often price-sensitive, due to strong competition within the 

insurance industry. Since commercial automobile premium often comprises a 

large proportion of the account premium and lends itself most easily to discounts, 

there may be a tendency on the part of underwriters to use the commercial auto

mobile premium as a "loss leader" for the sake of a profitable account. If 

this practice is customary, it may be helpful to verify the success of this 

strategy in a separate study.

Any of the above possibilities, acting alone or together, may be the 

cause of the results seen in this study. There may be other possible causes 

as well. The important thing is to determine first if the results of this 

study are within the limits of acceptance set by management. If not, then 

additional hypotheses should be more closely examined.

It would be premature to recommend any change in the marketing or 

underwriting strategies until further information can be obtained. It is 

possible that commercial automobile is acting as an attraction to other business, 

which considered together, adds significantly to the office profit, or growth, 

or stability. It is also possible that adding significantly more personal 

automobile business to the overall mix would create unstable fluctuations in 

future growth, or stability. In short, there are many other considerations to 

be made before management makes its decisions with confidence.

Future profitability studies should refine the allocation techniques 

used in this study even further. Another necessary improvement must be the 

use of larger random samples. It would be even more desirable to program our 

data processing storage of information so that premium and loss runs for entire 

populations of policies, by type of policy, may be obtained. Such information
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would be extremely valuable to future studies.

Other hypotheses remain to be tested, including other lines of insurance, 

other offices, other concepts than just profit. Marketing and underwriting 

strategies should also be examined. Obtaining this information will require 

additional expenditure, but as a long term investment, there are few capital 

expenditures which can return as much as the potential return from enlightened 

decisions by management, based on such information.
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APPENDIX



EXHIBIT 1 38

On any given day, you may spend a portion of your time working on many things 
which are related to automobile insurance. The work which you do may involve 
other lines of insurance (fire, COTA, bonds) as well. You may not think of your 
work as being divided according to various lines, but for the answers to these 
questions, please try to think of your work as being divided up according to its 
usefulness to each line of insurance in the company. (For example, if you are in 
claims, how much of your average day is spent on automobile losses? If you rate 
or code, how much time is spent rating or coding automobile items? If you file, 
how much time during an average day do you spend handling automobile items?)

1. Your Name:

2. Briefly describe your job:

3. What percent of an average day do you spend working with things which are
related to:

(a) Property Insurance (Homeowners, SMP, IM, etc.)  %

(b) Automobile Insurance (UF3-, UC7-, HF3-, GA Auto, etc.) _______%

(c) Casualty Other Than Auto (HGA, GA non-auto, PG, WC, etc.) _______%

(d) Bonds (3-D, Contract, Surety, etc.)  %

(e) Other "insurance" products, (B.S.L., F.I.F.C., etc.)  %

(The total of these five percentages should be 100%)  %

4. For just automobile insurance, how is your time divided between 
Hawkeye-Security and United Security?

Hawkeye-Security  %

United Security  %

(The total of these two percentages should be 100%)  %

5. What percent of your time spent on Hawkeye (only) automobile 
insurance involves these policies:

(a) HF3- (Family Auto) %

(b) GA2- (General Auto) %

(c) HC7- (Basic Auto) %

(d) HCC9- (Commercial Multi-Cover Auto) %

(The total of these four percentages should be 100%) %
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EXHIBIT 2

where d = error of estimation

n = sample size
2 (  —6  = variance = )*- ■".(n - 1
k = confidence multiplier for a 

90% degree of confidence

VARIABLES SAMPLE SIZE
CONFIDENCE
MULTIPLIER VARIANCE

ERROR OF 
ESTIMATION

Personal Automobile:
Earned Premium 296 1.65 $ 10,130 $ 9.65
Losses Under $10,000 296 1.65 90,611 28.86
Loss Frequency 296 1.65 1.05 0.01

1
Commercial Automobile

Earned Premium 70 1.65 $441,716 $131.01
Losses Under $10,000 70 1.65 666,285 160.90
Loss Frequency 70 1.65 5.01 0.19

INTERPRETATION EXAMPLE

One may be 90% confident (statistically speaking), that the 

Personal Autombile average earned premium as determined by the random 

sample mean ($163.51) is within $9.65 of the "true" P.A. average earned 

premium of the total universe of automobile policies.

Formula: (d)2 =
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