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Chapter 1 - Introduction
BAsIC RATEMAKING — WERNER, G. AND MODLIN, C.

Sec Description Pages
1 Introduction and Rating Manuals 1-1
2 Basic Insurance Terms 1-5
3  Fundamental Insurance Equation 5-7
4  Basic Insurance Ratios 7-11
5 Key Concepts 11-11
1 Introduction and Rating Manuals 1-1

Insurance and Non-insurance Product Pricing:

The price of a product should reflect its costs as well as an acceptable profit. This leads to the following
relationship between price, cost, and profit:

Price = Cost + Profit.

For non-insurers, production cost is known before the product is sold, and thus the price can be set so
that the desired profit per unit of product can be obtained.

For insurers, the ultimate cost of an insurance policy is not known before the product is sold, which
introduces complexity for the insurer when setting prices.

Rating Manuals
In general, premiums are based on a rate per unit of risk exposed.
= Rating manuals contains information to classify and calculate the premium for a given risk.
= Chapter 2 contains more detailed information and specific examples of rating manuals.
The ratemaking process allows one to modify existing rating manuals or create new ones.

2 Basic Insurance Terms 1-5

Exposure

An exposure is a unit of risk that underlies the premium. Different exposures are used when making rates
for different lines of business (e.g. annual payroll in hundreds of dollars is the typical exposure unit for
U.S. workers compensation insurance).

Four ways insurers measure exposures are as follows:

= Written exposures are the total exposures arising from policies issued during a specified time
period (e.g. a calendar year or quarter).

= Earned exposures are the portion of written exposures for which coverage has already been
provided (as of a certain point in time).

= Unearned exposures are the portion of written exposures for which coverage has not yet been
provided (as of that point in time).

» In-force exposures are the number of units exposed to loss at a given point in time.

See chapter 4 for more examples on how exposure measures are used for ratemaking.
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Premium
Four types of premiums are as follows:
=  Written premium: Total premium from policies issued during a specified period.

= Earned premium: The portion of written premium for which coverage has already been provided
(as of a certain point in time).

= Unearned premium: The portion of written premium for which coverage has yet to be provided.
= In-force premium: The full-term premium for policies in effect at a given point in time.
See chapter 5 for examples of premium measures and how they are used for ratemaking.

Claim
A claim is a demand for indemnification for the financial consequences of an event covered by a policy.
= The claimant can be an insured or a third party alleging damages covered by a policy.
» The date of loss or accident date (a.k.a. occurrence date) is the date of the loss event.
= Claims not known by the insurer are unreported claims or incurred but not reported (IBNR) claims.
After the claim is reported to the insurer, the claim is a reported claim.
Until the claim is settled, the reported claim is an open claim.
Once the claim is settled, it is a closed claim.
If further activity occurs after the claim is closed, the claim may be re-opened.

Loss
Loss is the amount paid or payable to the claimant under the policy.

The authors use the term claim to refer to the demand for compensation, and loss to refer to the
amount of compensation.

Paid losses are amounts that have been paid to claimants.

Case reserves are estimates of the amount needed to settle a claim and excludes any payments already made.

Reported loss (or case incurred loss) is the sum of paid losses and the current case reserve for a claim:
Reported Losses = Paid Losses + Case Reserve.

Ultimate loss is the amount to close and settle all claims for a defined group of policies.

Two reasons why reported losses and ultimate losses are different:

1. When there are unreported claims, the estimated amount to settle these claims is known as incurred
but not reported (IBNR) reserve.

2. The incurred but not enough reported (IBNER) reserve (a.k.a. development on known claims) is the
difference between the aggregate reported losses at the time the losses are evaluated and the
aggregate amount estimated to ultimately settle these reported claims.

Ultimate Losses = Reported Losses + IBNR Reserve + IBNER Reserve.

Loss Adjustment Expense (LAE)
LAE represent insurer expenses in settling claims, and can be separated into:
Allocated loss adjustment expenses (ALAE) and unallocated loss adjustment expenses (ULAE):
LAE = ALAE + ULAE.
ALAE are directly attributable to a specific claim (e.g. fees for outside legal counsel hired to defend a claim).

ULAE cannot be directly assigned to a specific claim (e.g. salaries of claims department personnel
not assignable to a specific claim).

See Chapter 6 to see how loss and LAE data are used in the ratemaking purposes.
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BAsIC RATEMAKING — WERNER, G. AND MODLIN, C.

Underwriting Expenses (U/W expenses)

U/W expenses (a.k.a. operational and administrative expenses) are related to acquiring and servicing policies.
Four categories for classifying these expenses are:

1. Commissions and brokerage are:
= amounts paid to insurance agents or brokers as compensation for generating business.
= paid as a percentage of premium written.
= vary between new and renewal business
= based on the quality of the business written or the volume of business written or both.

2. Other acquisition costs (other than commissions and brokerage expenses) include costs
associated with media advertisements and mailings to prospective insureds.

3. General expenses include the remaining expenses associated with the insurance operations and
other miscellaneous costs (e.g. costs associated with the general upkeep of the home office).

4. Taxes, licenses, and fees include all taxes and miscellaneous fees paid by the insurer excluding
federal income taxes (e.g. premium taxes and licensing fees)

Underwriting Profit (UW Profit)

Since premiums may be insufficient to pay claims and expenses, capital must be maintained to support
this risk, and the insurer is entitled to earn a reasonable expected return (profit) on that capital.

Two main sources of profit for insurers are UW profit and investment income ().
1. UW profit (i.e. operating income) is the total profit from all policies (a.k.a. income minus outgo).
2. Il'is generated from funds invested in securities held by the insurer.

See chapter 7 to see how UW expense provisions are derived and how it’s incorporated in the ratemaking
process.

3  Fundamental Insurance Equation 5-7

Price = Cost + Profit. As it applies to the insurance industry:
=  Premium is the “price” of the insurance product.
=  “Cost” is the sum of the losses, LAE, and UW expenses.
= UW profit is income minus the outgo from issuing policies.
Note: Profit is also derived from I

The prior formula transformed into the fundamental insurance equation is:
Premium = Losses + LAE + UW Expenses + UW Profit.

The goal of ratemaking: To assure that the fundamental insurance equation is balanced (e.g. rates should be
set so premium is expected to cover all costs and achieve the target UW profit).

= This goal is stated in the 2nd principle of the CAS “Statement of Principles Regarding P&C Ratemaking”
which states “A rate provides for all costs associated with the transfer of risk.”

= Two key points in achieving balance in the fundamental equation are:
1. Ratemaking is prospective.
2. Balance should be attained at the aggregate and individual levels.
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1. Ratemaking is Prospective

Ratemaking involves estimating the components of the fundamental insurance equation to determine whether
or not the estimated premium is likely to achieve the target profit during the period the rates will be in effect.

While ratemaking uses historical experience to estimate future expected costs, this does not mean
premiums are set to recoup past losses.

Recall that the first principle in the CAS “Statement of Principles Regarding P&C Insurance
Ratemaking” states that “A rate is an estimate of the expected value of future costs”

Factors that impact the components of the fundamental insurance equation and may necessitate a
restatement of the historical experience are:

= Rate changes

= Operational changes

= Inflationary pressures

= Changes in the mix of business written
= Law changes

2. Overall and Individual Balance

The fundamental insurance equation must be in balance at both an overall level as well as at an
individual/segment level when considering rate adequacy.

If proposed rates are either too high or too low to achieve the targeted profit, decreasing or increasing
rates uniformly should be considered.

Two methods for calculating the overall adequacy of current rates are discussed in Chapter 8.

Principle 3 of the CAS “Statement of Principles Regarding P&C Insurance Ratemaking” states “A rate
provides for the costs associated with an individual risk transfer”

Failure to recognize differences in risk will lead to rates that are not equitable.
Chapters 9 - 11 discuss how insurers vary rates to recognize differences between insureds.

4 Basic Insurance Ratios 7-11

Insurers, insurance regulators, rating agencies, and investors rely on a set of basic ratios to monitor and
evaluate the appropriateness of an insurer’s rates.

Number of Claims
Number of Exposures

Frequency (a measure of the rate at which claims occur): Frequency =

Assume the number of claims is 100,000 and the number of earned exposures is 2,000,000.
Then frequency is 5% (= 100,000 / 2,000,000).

Analyzing changes in claims frequency can help identify:
= industry trends associated with the incidence of claims
= utilization of insurance coverage.
= the effectiveness of specific underwriting actions.
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Total Losses
Number of Claims

Assume total loss dollars are $300,000,000 and the number of claims is 100,000.
Then severity is $3,000 (= $300,000,000 / 100,000).

Severity (a measure of the average cost of claims): Severity =

Values used in the numerator and denominator do vary: For example:
= Paid severity is calculated using paid losses on closed claims divided by closed claims.
= Reported severity is calculated using reported losses and reported claims.
= ALAE may be included or excluded from the numerator.

Analyzing changes in severity:
= provides information about loss trends and
= highlights the impact of any changes in claims handling procedures.

Pure Premium (or Loss Cost or Burning Cost): (a measure of the average loss per exposure)

. Total Losses .
Pure Premium = = Frequency x Severity
Number of Exposures

Pure premiums are the portion of the risk’s expected costs that is “purely” attributable to loss.
Assume total loss dollars are $300,000,000 and the number of exposures is 2,000,000.
Then pure premium is $150 (= $300,000,000 / 2,000,000) = 5.0% x $3,000.

Pure premium is often calculated using reported losses (or ultimate losses) and earned exposures, and
reported losses may or may not include ALAE and/or ULAE.

Changes in pure premium show industry trends in overall loss costs due to changes in both frequency and
severity.

Average Premium
While the pure premium focuses on the loss portion of the fundamental insurance equation, the average
Total Premium

No. of Exposures

premium focuses on the premium side of the ratio. Average Premium =

Let total premium equal $400,000,000 and total exposures equal 2,000,000
Then average premium is $200 (=$400,000,000 / 2,000,000).
Note: premium and exposures must be on the same basis (e.g., written, earned, or in-force).

Changes in average premium, adjusted for rate changes, show changes in the mix of business written (e.g.,
shifts toward higher or lower risk characteristics reflected in rates).
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BAsIC RATEMAKING — WERNER, G. AND MODLIN, C.

Loss Ratio (a measure of the portion of each premium dollar used to pay losses):
Total Losses _ Pure Premium
Total Premium  Average Premium

Assume total loss dollars equal $300,000,000 and total premium equal 400,000,000.
Then the loss ratio is 75% (= $300,000,000 / $400,000,000).

Loss Ratio =

The ratio is typically total reported losses to total earned premium. However, other variations include LAE in
the calculation of loss ratios (commonly referred to as loss and LAE ratios).

The loss and LAE ratio is a measure of the adequacy of overall rates.

LAE Ratio (a measure of claim-related expense to total losses):
LAE Ratio — Total Loss Adjustment Expenses
Total Losses
LAE includes both allocated and unallocated loss adjustment expenses.
Insurers differ as to whether paid or reported (incurred) figures are used.
The Loss and LAE ratio equals the Loss ratio x [1.0 + LAE ratio].

Insurers may use this ratio to:
= determine if costs associated with claim settlement procedures are stable or not.
= compare its ratio to those of other insurers as a benchmark for its claims settlement procedures.

Underwriting Expense Ratio (a measure of the portion of each premium dollar to pay for UW expenses)
Total UW Expenses

Total Premium

U/W expenses are divided into expenses incurred at the onset of the policy (e.g. commissions, other
acquisition, taxes, licenses, and fees) and expenses incurred throughout the policy (e.g. general expenses).

i. Expenses incurred at the onset of the policy are related to written premium and expenses incurred
throughout the policy are related to earned premium.

ii. This is done to better match expense payments to premiums associated with expenses and to better
estimate what % of future policy premium should be charged to pay for these costs.

Individual expense category ratios are summed to compute the overall UW expense ratio.

UW Expense Ratio=

Insurers review the UW expense ratio:
= over time and compare actual changes in the ratio to expected changes based on inflation.
= to compare its ratio to other insurer ratios as a benchmark for policy acquisition and service expenses.

Operating Expense Ratio (OER is the portion of the premium dollar to pay for LAE and UW expenses)
LAE

Total Earned Premium
OER is used to monitor operational expenditures and is key to determining overall profitability.

OER=UW Expense Ratio +
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Chapter 1 - Introduction
BAsIC RATEMAKING — WERNER, G. AND MODLIN, C.

Combined Ratio (a combination of the loss and expense ratios)
LAE + Underwriting Expenses
Earned Premium Written Premium

i. The loss ratio should not include LAE or it will be double counted.

ii. Forinsurers that compare UW expenses incurred at the onset of the policy to earned premium rather
than to written premium, the Combined Ratio = Loss Ratio + OER.

Combined Ratio = Loss Ratio +

The combined ratio measures the profitability of a book of business.

Retention Ratio (a measure of the rate at which existing insureds renew their policies upon expiration)
Number of Policies Renewed
Number of Potential Renewal Policies

If 100,000 policies are anticipated to renew in a given month and 85,000 of the insureds choose to renew,
then the retention ratio is 85% (= 85,000 / 100,000).
Retention ratios are:

= used to gauge the competitiveness of rates and are closely examined following rate changes or major
changes in service.

= a key parameter in projecting future premium volume.

Retention Ratio=

Close Ratio (a.k.a. hit ratio, quote-to-close ratio, or conversion rate is a measure of the rate at which
prospective insureds accept a new business quote)

Number of Accepted Quotes
Number of Quotes

Example: If an insurer makes 300,000 quotes in a month and generates 60,000 new policies from those
quotes, then the close ratio is 20% (= 60,000 / 300,000).

Close Ratio =

Close ratios and changes in the close ratios are monitored by product management and marketing departments.
Closed ratios are used to determine the competitiveness of rates for new business.
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BAsIC RATEMAKING — WERNER, G. AND MODLIN, C.

5 Key Concepts

11-11

1. Relationship between price, cost and profit

2. Rating manuals

3. Basic insurance terms

a. Exposure

b. Premium

c. Claim

d. Loss

e. Loss adjustment expense
f. Underwriting expense

g. Underwriting profit

4. Goal of ratemaking

a. Fundamental insurance equation
b. Ratemaking is prospective

c. Overall and individual balance

5. Basic insurance ratios

a. Frequency

b. Severity

c. Pure premium

d. Average premium

e. Loss ratio

f. Loss adjustment expense ratio
g. Underwriting expense ratio
h. Operating expense ratio

i. Combined ratio

j- Retention ratio

k. Close ratio
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Chapter 1 - Introduction
BAsIC RATEMAKING — WERNER, G. AND MODLIN, C.

The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner, G.
and Modlin, C. were numerous. While past CAS questions were drawn from prior syllabus
readings, the ones shown below remain relevant to the content covered in this chapter.

Questions from the 1990 exam

4. (1 point) According to the Study Note Reading - Foundations of Casualty Actuarial Science, Chapter 1,
“Ratemaking," which of the following are true?
1. The description of the goal of the ratemaking process includes consideration of generating a reasonable-
return on funds provided by investors.

2. Regulatory review generally requires that rates shall not be inadequate, excessive or unfairly
discriminatory between risks of like kind and quality.

3. The two basic approaches used in manual ratemaking are the pure premium method and the loss ratio
method. (see chapter 8)
A 1. B. 2 C.1,3 D.2,3 E.1,2,3

Questions from the 2008 exam

13. (2.0 points) Define the following terms.
. Written premium

b. Earned premium

c. Unearned premium

d. In-force premium

W)

Questions from the 2010 exam
11. (2 points)
a. (0.75 point) Explain how the standard economic formula, Price = Cost + Profit, relates to the fundamental
insurance equation.

b. (1.25 points) Company ABC replaced inexperienced adjusters with experienced adjusters who have a
greater knowledge of the product. Explain the impact of this change on each component of the
fundamental insurance equation.

12. (1 point) Given the following information:
« 2008 earned premium = $200,000
« 2008 incurred losses = $125,000
+ Loss adjustment expense ratio = 0.14
* Underwriting expense ratio = 0.25
Calculate the combined ratio.

Questions from the 2011 exam
8. (1.25 points) Given the following information:

Calendar Year 2010
Written premium $280.00
Earned premium $308.00
Commissions $33.60
Taxes, licenses and fees $9.80
General expenses $36.96
LAE ratio (to loss) 8.2%
Combined ratio 100%

Calculate the 2010 operating expense ratio.
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BAsIC RATEMAKING — WERNER, G. AND MODLIN, C.

Questions from the 2012 exam
10. (2.5 points) The fundamental insurance equation is:

Premium = Losses + Loss Adjustment Expense + Underwriting Expenses + Underwriting Profit

a. (1 point) Werner and Modlin state that "It is important to consider the [fundamental insurance]
equation at the individual or segment level" in addition to the aggregate level.

Discuss two reasons it would be acceptable to maintain an imbalance in the fundamental
insurance equation at the individual or segment level.

b. (1.5 points) Reconcile an imbalance in the fundamental insurance equation with the following
quote from the Statement of Principles Regarding Property & Casualty Insurance Ratemaking:
"A rate provides for the costs associated with an individual risk transfer."
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Chapter 1 - Introduction
BAsIC RATEMAKING — WERNER, G. AND MODLIN, C.

The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner, G.
and Modlin, C. were numerous. While past CAS questions were drawn from prior syllabus
readings, the ones shown below remain relevant to the content covered in this chapter.

Solutions to questions from the 1990 exam:

Question 4.

1. T
2. T
3. T Answer E.

Solutions to questions from the 2008:

Model Solution - Question 13

a. Written Premium are the dollar amounts charged by an insurer for policies written during a specific time period.
The total policy premium is included in the written premium.

b. Earned Premium is the amount of the policy premiums that have been exposed to risk during a specified time
period. Earned Premium is directly proportional to the portion of the policy period covered by the insurer during
the specified time period.

c. Unearned Premium is the portion of policy premium that has yet to be exposed to risk as it covers a future time
period during which the policy will be in-effect.

d. In-force Premium is the total written premium of all policies in effect at a specific point in time.

Solutions to questions from the 2010:
Question 11

a. Explain how the standard economic formula, Price = Cost + Profit, relates to the fundamental insurance
equation.
Premium = Loss + Loss adjustment expense + UW expense + UW profit
T - —~ — T
Price = Cost Profit
b. Explain the impact of using experienced adjusters on each component of the fundamental insurance equation.
* Losses will decrease due to better (more judicious) claims adjusting
* Loss adjustment expenses will increase due to a larger fee paid to more experienced claims adjusters
* UW expense will remain the same as they cover the costs incurred at the onset of the policy (e.g.
commissions, other acquisition, taxes, licenses, and fees) and expenses incurred throughout the policy
(e.g. general expenses), which are not impacted by the use of more experienced adjusters

Comments: The following only makes sense if the reduction in losses is greater than the increase in LAE
(which is a reasonable assumption since losses comprise a very large percentage of premiums).

* Premium will decrease if the UW profit is to remain the same
* UW profit will increase if the Premium is to remain the same
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BAsIC RATEMAKING — WERNER, G. AND MODLIN, C.

Solutions to questions from the 2010 (continued):
Question 12: Calculate the combined ratio, using the given data in the problem.
Step 1: Write an equation to determine the combined ratio

Combined Ratio = Loss Ratio + LAE —+ Underyvrltmg Ex.penses
Earned Premium Written Premium
Loss Ratio = Total Loss_es
Total Premium
LAE Ratio — Total Loss Adjustment Expenses

Total Losses
Total UW Expenses
Total Premium
LAE
Total Earned Premium

UW Expense Ratio=

OER=UW Expense Ratio +

= Loss Ratio + OER

Step 2: Using equations in Step 1, and the data given in the problem, solve for the components of the

combined ratio
Loss ratio = 125,000/200,000 = 0.625
LAE = LAE ratio * Incurred Losses = 0.14 x 125,000 = 17,500

Operating expense ratio = OER = UW expense ratio + LAE/Earned Premium

= .25+ 17,500/200,000 = .3375
Combined ratio = Loss ratio + OER = 0.625 + .3375 = .9625 = 96.25%

Solutions to questions from the 2011
8. Calculate the 2010 operating expense ratio.

Question 8 — Model Solution 1
Combined ratio = Loss Ratio + LAE/EPremium + UW Expense Ratio
OER = LAE/EPremium + UW Expense Ratio
UW Expense Ratio = TaxesLicFee/WP + Comm/WP + General/EP
=(9.80 + 33.6)/280 + 36.96/308 = .275
LR * (1+LAE ratio) = 1 - UW Expense Ratio = 1 - .275 =.725
CR=1.0=L/EP + .082L/EP + .275; since .082 = LAE/L, LAE = .082L
Solve for L: L = LR*EP/(1+LAE). L=.725*308/1.082 = 206.377
Solve for LAE: LAE =.082* L =.082 * 206.377 = 16.923
OER = 16.923/308 +.275 = .32994

Question 8 — Model Solution 2
Combined ratio = Loss Ratio + OER = LR * (1+LAE ratio) + U/W Expense Ratio

Solve for the LR: 100% = LR * (1+8.2%) + (33.60 + 9.80)/280 + 36.96/308; LR =67%

OER = Combined Ratio — Loss Ratio = 100% - 67% = 33%
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Solutions to questions from the 2011
Question 8 — Model Solution 3
OER = LAE/E Premium + UW Expense Ratio
Underwriting expense ratio = 33.60/280 + 9.8/280 + 36.96/308 = 0.275

Combined ratio = Loss Ratio (1 + 0.082) + UW Expense/Written premium
UW Expense/Written Premium = [33.60 + 9.8 + 36.96]/280 = 0.287

Combined ratio = LR(1.082) + 0.287
Solve for LR: LR = 0.65896
CR =1.0=0.65896 + LAE/Earned premium + 0.287
Solve for LAE/EP: LAE/Earned Premium = 0.054
So operating expense ratio = 0.054 + 0.275 = 0.329

Questions from the 2012 exam
10a. (1 point) Werner and Modlin state that "It is important to consider the [fundamental insurance]
equation at the individual or segment level" in addition to the aggregate level.

Discuss two reasons it would be acceptable to maintain an imbalance in the fundamental insurance
equation at the individual or segment level.

Question 10 Model - Solution 1 — part a

1. Maintain competitive position. If changing rates would hurt your competitive position then it may be
acceptable to take less of a change and have an unbalanced Fund. Ins Equation -> In other words hurting
retention enough to offset increase.

2. If the relative cost of the change outweighs the benefit. If the operational cost of changing rating
algorithms or data collection processes outweigh the change in premiums associated with the change then
it could be appropriate to have an unbalanced Fund. Ins Equation

Question 10 Model - Solution 2 — part a
1. It might due to a regulatory constraint. The regulator restrict the rate change (e.g. capped at +/- 25%)
2. Marketing Constraint. If the company’s marketing objective is to increase the market share on age

group 50-55 drivers, it may reduce rate to attract this group of insureds. Company may have look at the
long term profitability of the book using an asset share pricing technique.

Examiners Comments

This part of question was generally answered well. Common answers that received credit included marketing
considerations (riding the market cycle, competitor pressure), regulatory considerations (e.g. cap on rate
changes, restrictions on rating variables), and an asset share pricing approach that anticipates future profits at
the expense of initial costs.
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Questions from the 2012 exam

10b. (1.5 points) Reconcile an imbalance in the fundamental insurance equation with the following quote
from the Statement of Principles Regarding Property & Casualty Insurance Ratemaking: "A rate
provides for the costs associated with an individual risk transfer."

Question 10 - Model Solution —part b

An actuarially sound indication many not always be implemented since an insurance company needs
to balance other objectives, such as marketing, then actuarially balancing premium and loss.

The actuary is allowed to deviate from this principle under influence of management, with the proper
disclosure.

Additionally asset sharing pricing techniques have demonstrated that under certain circumstances, it is
ultimately profitable to write business that currently produce a net loss.

Examiners Comments
Part b was not answered well.

By far the most common response was a mathematical balancing of the fundamental insurance
equation, either by raising the premium or lowering expenses. However, the question was asking
candidates to justify their reasoning for an imbalanced fundamental insurance equation from part A in light
of the actuarial standards of practice.

Successful candidates acknowledged that actuarial rate indications can balance the fundamental
insurance equation but that management may decide to choose premiums that differ from actuarial
indications, or that regulatory restrictions supersede all actuarial standards of practice.
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Sec Description Pages
1 Rating Manuals and Rules 13-14
2 Rate Pages 14 - 15
3  Rating Algorithms 15-16
4  Underwriting Guidelines 16 - 17
5 Homeowners Rating Manual Example 17 -23
6  Medical Malpractice rating Manual Example 23 -28
7 U.S.Workers Compensation Rating Manual Example 29 - 34
8 Key Concepts 34-34
1 Rating Manuals and Rules 13-14

Rating manuals are used by insurers to classify risks and calculate the premium for a given risk.

This chapter describes what is contained in rate manuals and gives examples of different rating components
for various lines of business.

For most lines of business, the following is necessary to calculate the premium for a given risk:

= Rules Found in the insurer’s rating manual

= Rate pages (i.e. base rates, rating tables, and fees) Found in the insurer’s rating manual

= Rating algorithm Found in the insurer’s rating manual

= Underwriting guidelines Found in the insurer's UW manual
RULES

Rating manual rules:
= contain qualitative information to apply to the quantitative rating algorithms contained in the manual.

= begin with definitions of the risk being insured (e.qg. rules for a homeowners insurer may define what is
considered a primary residence)

= provides a summary of policy forms offered to the insured (if more than one form is offered)
= summarize what is covered (e.g. types of liability or damage)
= outline limitations or exclusion of coverage.

= outline premium determination considerations (e.g. minimum premium, down payments, and refunds in
the event of cancellation).

Rules define how to classify a risk before the rating algorithm can be applied.

Class ratemaking groups risks with similar characteristics (represented by rating variables) and varies the
rate accordingly.

Rules also contain optional insurance coverage information (a.k.a. endorsements or riders), which:
= describe the optional coverage, any restrictions on such coverage, and any applicable classification rules.
= may contain the rating algorithm for the optional coverage as well.

In addition to rules, insurers use UW guidelines to specify additional acceptability criteria (e.g. an insurer may
choose not to write a risk with two or more convictions of driving under the influence).

UW guidelines are usually found in a separate underwriting manual.
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2 Rate Pages 14 - 15

Rate pages contain inputs (e.g. base rates, rating tables, and fees) to calculate premium.

A base risk is a risk profile pre-defined by the insurer.
The base risk can be a set of common risk characteristics or can be chosen based on marketing objectives.

Example 1: The base risk for personal auto collision coverage may be an adult, married male, with a $500
deductible, who lives in a very populated area, etc.

= The insurer may have an objective to encourage new insureds to purchase a deductible of $500 or
higher (even though it may have more policies with a $250 deductible).

If the base is set at the $500 deductible, it will be used in the initial premium quote. But if the insured
requests a comparison quote with a $250 deductible, a higher premium will result (relative to using a
base set at a $250 deductible), which may deter the insured psychologically.

Example 2: A multi-product discount for homeowners who have an auto policy with the same insurer.

= If the insurer sets the base equal to those who qualify for the discount, then there will be an increase in
premium for those who do not qualify for the discount.

Although the premium charged is the same whether buying a single or multi-product discount, a
discount has more positive appeal than an increase in premium.

The base rate is the rate that applies to the base risk (and is usually not the average rate).

If the product contains multiple coverages priced separately (as in personal auto insurance), then there is a
separate base risk, base rate, and rating tables for each coverage.

Rates for all risk profiles, other than the base profile, will vary from the base rate.

The rate variation for different risk characteristics occurs by modifying the base rate (e.g. applying
multipliers, addends, etc. in the rating algorithm).

= Characteristics are rating variables (a.k.a. discounts/surcharges or credits/debits) and the rate
variations are contained in rating tables.

= The variations from the base rate are referred to as relativities, factors, or multipliers (if applied to the
rating algorithm multiplicatively) or addends (if applied to the base rate or some other figure in an
additive or subtractive manner).

Rating Variables for various lines of insurance are as follows:

Type of Insurance Rating Variables

Personal Automobile Driver Age and Gender, Model Year, Accident History
Homeowners Amount of Insurance, Age of Home, Construction Type
Workers Compensation Occupation Class Code

Commercial General Liability Classification, Territory, Limit of Liability

Medical Malpractice Specialty, Territory, Limit of Liability

Commercial Automobile Driver Class, Territory, Limit of Liability

Rate pages contain all the components needed to calculate rates.
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Expenses:
The premium charged must consider expenses incurred in acquiring and servicing policies.
= Some expenses vary by the amount of premium (e.g. commission is usually a % of the premium)
= Some expenses are fixed regardless of the premium (e.g. the cost of issuing a policy).

An insurer may include an explicit expense fee in the rating algorithm to account for fixed expenses and
incorporate a provision within the base rate to account for variable expenses.

Otherwise, an insurer may incorporate all expenses via a provision within the base rates.

In this case, the insurer may have a minimum premium so that the premium charged is adequate to cover
expenses and an amount for minimal expected losses.

3  Rating Algorithms 15-16

Rating algorithms describes how to combine the components in the rules and rate pages to calculate the
premium charged for any risk not pre-printed in a rate table.

The algorithm includes instructions such as:
= the order in which rating variables should be applied

= how rating variables are applied in calculating premium (e.g. multiplicative, additive, or some unique
mathematical expression)

= maximum and minimum premiums (or in some cases the maximum discount or surcharge to be applied)
= specifics with how rounding takes place.
Separate rating algorithms by coverage may apply (if the product contains multiple coverages).
A few examples are included in this chapter for illustrative purposes.

4  Underwriting Guidelines 16 - 17

UW guidelines criteria are used to specify:

= Decisions to accept, decline, or refer risks. (e.g. risks with a certain set of characteristics (e.g., a
household with two or more losses in the last 12 months) may not be eligible for insurance or the
application must be referred to a senior underwriter).

= Company placement.

An insurance group may have one of its companies provide personal auto insurance to preferred/low-risk

drivers and another to provide insurance to nonstandard/high-risk drivers.
Establishing separate companies to achieve this purpose is due to either:
i. regulatory issues (cannot get approval for the full spectrum of rates within one company) or

ii. different distribution systems (one company selling through agents and another selling directly to
the consumer).

= Tier placement. Jurisdictions may permit insurers to charge different rates within a single company to
risks with different underwriting characteristics.

i. UW guidelines specify the rules to assign the insured to the correct tier.
ii. The rating algorithm and rate pages specify how the tier placement affects the premium calculation.

= Schedule rating credits/debits (used in commercial lines products to vary premium from manual rates).

SR applies credits and debits depending on the presence or absence of characteristics.
i. SR may be specific and no judgment is required or permitted.
ii. SR may allow the underwriter to use subjective factors in applying credits or debits.
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Note: While UW criteria has been historically subjective in nature, there has been a trend over time (especially
for personal lines products) to designate new explanatory variables as UW criteria, which can then be
used for placement into rating tiers or separate companies.

The trend to designate new explanatory variables as UW criteria has given some companies a
competitive advantage by reducing the transparency of the rating algorithm.

Examples of Underwriting Characteristics used in Various Lines of Insurance

Type of Insurance Underwriting Characteristics
Personal Automobile Insurance Credit Score, Homeownership, Prior Bodily Injury Limits
Homeowners Insurance Credit Score, Prior Loss Information, Age of Home
Workers Compensation Safety Programs, Number of Employees, Prior Loss Information
Commercial General Liability Insurance Credit Score, Years in Business, Number of Employees
Medical Malpractice Patient Complaint History, Years Since Residency,
Number of Weekly Patients

Commercial Automobile Driver Tenure, Average Driver Age, Earnings Stability

5 Homeowners Rating Manual Example 17 - 23

The following is an example of a rating algorithm for a homeowners policy issued by the Wicked Good
Insurance Company (Wicked Good or WGIC).

WGIC’s homeowners rating manual is used to calculate the premium for a homeowners insurance policy.
The following are excerpts from WGIC’s homeowners rating manual.

Base Rates
The exposure base for homeowners insurance is a home insured for one year.
The base rate (an all-peril base rate) for WGIC is shown below.
Coverage Base Rate

All Perils Combined $500

Rating and Underwriting Characteristics

Amount of Insurance (AOL)
AOI:
= s a key rating variable for homeowners insurance.

= represents the amount of coverage purchased to cover damage to the dwelling and is the maximum
amount the insurer expects to pay to repair or replace the home.

The table below shows rate relativities to apply to WGIC's base rate depending on the AOI purchased.

Note that the base rate corresponds to a home with an amount of insurance of $200,000, and thus has a AOI
rate relativity of 1.00.
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Amount of Insurance (AOI) Rating Table

AOQI (in thousands) Rate Relativity
$380 0.56
$95 0.63
$170 0.91
$185 0.96
$200 1.00
$215 1.04
$410 151
$425 1.54
$440 1.57
$455 1.60
$470 1.63
$485 1.66
$500 1.69
Additional $15K 0.03

If a policyholder purchases $425,000 of insurance for his home, a rate relativity of 1.54 is applied to the base
rate. Straight-line interpolation is used for values not listed in the table.

Territory

The location of the home is a key rating variable.
= Homeowners insurers group similar geographic units (e.g. zip codes) to form rating territories.
= WGIC grouped zip codes into five distinct rating territories (with rate relativities shown below).

= Territory 3 is the base territory (and thus has a relativity of 1.00) and all other territories are expressed
relative to Territory 3.

Territory | Rate Relativity
1 0.80
2 0.90
3 1.00
4 1.10
5 1.15

Protection Class and Construction Type
WGIC’s homeowners rates vary by fire protection class and construction type.
= Class 1 indicates the highest quality protection while class 10 refers to the lowest quality protection.

Within each class, there is a separate relativity based on construction type (frame and masonry).
Frame construction is more susceptible to loss than masonry and therefore frame relativities are
higher than the masonry relativities across every protection class.

= The base rate for this two-way variable is Protection Class 1-4 Frame (although Protection Class 5
Masonry coincidentally has a relativity of 1.00).
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Protection Class / Construction Type Rating Table

Protection Class Construction Type
Frame Masonry
1-4 1.00 0.90
5 1.05 1.00
6 1.10 1.05
7 1.15 1.10
8 1.25 1.15
9 2.10 1.75
10 2.30 1.90

Underwriting Tier

WGIC uses UW characteristics (used to place insurance policies into one of four distinct underwriting tiers
based on the overall riskiness of the exposure to loss) that are not explicitly shown in the rating manual.

Underwriting Tier Rating Table

Tier Rate Relativity
A 0.80
B 0.95
C 1.00
D 1.45

Tier D is considered the most risky and has the highest rate relativity.

Deductible
Policyholders choose their deductible. Rate relativities for each deductible are shown in the table below.
Deductible Rate Relativity
$250 1.00
$500 0.95
$1,000 0.85
$5,000 0.70

Miscellaneous Credits
Wicked Good offers the following discounts:

Miscellaneous Credit Credit Amount

New Home Discount 20%
5-Year Claims-Free Discount 10%

Multi-Policy Discount 7%

Insurers offering a large number of discounts will have a maximum discount percentage that can be used,
however Wicked Good does not limit the overall cumulative discount.
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Additional Optional Coverages
The basic homeowners policy includes:

i. a $100,000 limit for liability coverage and a $500 limit for medical coverage (this split limit is often
expressed as $100,000/$500).

ii. a%$2,500 inside limit to jewelry losses within the contents coverage.

The following tables show the additional premium charged if the policyholder elects to purchase additional
higher limits:

Jewelry Coverage Rate
Limit Additive
$ 2,500 Included
$ 5,000 $35
$10,000 $60

Liability/Medical Rate
Limit Additive
$100,000/$500 Included
$300,000/$1,000 $25
$500,000/$2,500 $45

Expense Fee

WGIC has an explicit expense fee to cover fixed expenses incurred in the acquiring and servicing policies.

The expense fee is $50 per policy as shown in the table below.

Policy Fee
$50

Homeowners Rating Algorithm for WGIC
The rating algorithm to calculate the final premium for a homeowners policy for WGIC is:
Total Premium = All-Peril Base Rate x AOI Relativity
x Territory Relativity
x Protection Class / Construction Type Relativity
X Underwriting Tier Relativity
x Deductible Credit
X [1.0 - New Home Discount — Claims-Free Discount]
X [1.0 - Multi-Policy Discount]
+ Increased Jewelry Coverage Rate
+ Increased Liability/Medical Coverage Rate
+ Policy Fee.
Rounding is common and WGIC rounds to the penny after each step and to the whole dollar at the final step.
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Homeowners Rate Calculation Example for WGIC
WGIC is preparing a renewal quote for a homeowner with the following risk characteristics:

Amount of insurance = $215,000

The insured lives in Territory 4.

The home is frame construction located in Fire Protection Class 7.

Based on the insured’s credit score, tenure with the company, and loss history, the policy is in UW Tier C.
The insured opts for a $1,000 deductible.

The home falls under the definition of a new home as defined in Wicked Good'’s rating rules.

The insured is eligible for the five-year claims-free discount.

There is no corresponding auto or excess liability policy written with WGIC.

The insured is eligible for the five-year claims-free discount.

There is no corresponding auto or excess liability policy written with WGIC.

The policyholder opts to increase coverage for jewelry to $5,000 and to increase liability/medical
coverage limits to $300,000/$1,000.

Entries from Rating Manual

Base Rate $500
AOI Relativity 1.04
Territory Relativity 1.10
Protection Class / Construction Type Relativity 1.15
Underwriting Tier Relativity 1.00
Deductible Credit 0.85
New Home Discount 20%
Claims-Free Discount 10%
Multi-Policy Discount 0%
Increased Jewelry Coverage Rate $35
Increased Liability/Medical Coverage Rate $25
Expense Fee $50

The rating algorithm from the rating manual can be applied to calculate the final premium for the policy:
$501=$500*1.04*1.10*1.15*1.00*0.85*[1.0- 0.20- 0.10] *[1.0 - 0] + $35 + $25 + $50.
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6  Medical Malpractice rating Manual Example 23 - 28

The following a rating algorithm for a medical malpractice (MM) policy issued by WGIC for its Nurses
Professional Liability program. WGIC's rating manual (with excerpts shown below) is used to calculate the
premium.

Base Rates
The exposure base for MM insurance is a medical professional insured for one year.

Wicked Good'’s rating manual shows base rates for annual MM coverage for its nurses program, which
vary depending on whether the professional is employed or operates his or her own practice.

Base Rates
Annual Rate Per
Nurse
Employed $2,500
Self-Employed $3,000

Rating and Underwriting Characteristics

Specialty Factor

Wicked Good varies malpractice premium based on specialties shown in the table below.
Specialty Rating Table

Rate
Specialty Relativity
Psychiatric 0.80
Family Practice 1.00
Pediatrics 1.10
Obstetrics 1.30
All Other Specialties 1.05

Nurses practicing in obstetrics have the highest rate relativity due to higher exposure to loss.

Part-time Status

Professionals who work 20 hours or less per week are part-time professionals, and WG has determined
that the rate should be 50% of the base rate shown in the table below.

Part-time Rating Table
Rate Relativity
Full-time 1.00
Part-time 0.50

Territory
Rate relativities also apply to the base rate to calculate the rate for a nurse in a specific territory.

Territory Rate Relativity
1 0.80
2 1.00
3 1.25
4 1.50
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Claims-free Discount

Individual insureds who have been with WGIC for at least three consecutive years preceding the effective
date of the current policy may qualify for a claims-free discount.

= To qualify, the individual insured cannot have cumulative reported losses in X/S of $5,000 over the prior 3
years.

=  The amount of the claims-free discount is 15%.

Schedule Rating (SR)

Commercial lines insurers incorporate SR into their rating algorithms to adjust manual premium based on
objective criteria or underwriter judgment.

WGIC's schedule rating plan includes the following credits and debits.

A. Continuing Education — A credit of up to 25% for attendance at approved continuing education
courses and seminars. The total hours spent at courses and seminars must be at least 15 hours in
the prior 12 months.

B. Procedure — A debit of up to 25% for nurses who have professional licenses and/or scope of
practice in high-risk exposure areas such as invasive surgery or pediatric care.

C. Workplace Setting — A debit of up to 25% for nurses that work in high-risk workplace settings (e.g.
surgical centers and nursing homes).

A maximum aggregate schedule rating credit or debit of 25% is used by WGIG.

Limit Factors

WGIC offers different per claim and annual aggregate limits for its Nurse’s Professional Liability program.
The following are relativities corresponding to each limit option:

Limit Rating Table

Limit Option Rate Relativity
$100K/$300K 0.60
$500K/$1M 0.80
$1M/$3M 1.00
$2M/$4M 1.15

WGIC pays all ALAE in addition to the limit shown.

Deductible
Deductible options available to the insured reduce premium and the associated credit are shown below.
Deductible Rating Table

Deductible
(Per Claim) Credit
None 0%
$1,000 5%
$5,000 8%
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Claims-made Factor
WGIC writes claims-made MM policies as opposed to occurrence policies.

= For CM policies, the coverage trigger is the date the claim is reported rather than the date the event
occurs.

= A policyholder who buys a CM policy for the first time is only offered coverage for claims occurring
after the start of the policy and reported during the year.

= When the CM policy is renewed, coverage is provided for claims occurring after the original inception
date and reported during the policy period.

= Also, an extended reporting endorsement covers claims that occur during the coverage period but are
reported after the policy terminates (e.g. a doctor who retires may purchase an extended reporting
endorsement to cover claims reported after the MM policy terminates).

The extended reporting endorsement factors adjust the premium based Years of Prior Claims-made
Coverage. See Chapter 16 for more details on CM coverage.

Claims-Made Maturity Factors
Maturity Factor
1st Year 0.200
2nd Year 0.400
3rd Year 0.800
4th Year 0.900
5th Year 0.950
6th Year 0.975
Mature 1.000

Extended Reporting Endorsement Factors

Years of Prior| Factor

Claims-made
Coverage
12 Month 0.940
24 Month 1.700
36 Month 2.000
48 Month 2.250
60 Month 2.400

Group Credit
The size of the credit depends on the number of nurses that are insured under the policy.
Group Credit

Number of Credit
Nurses

1 0%

2-14 5%

15+ 10%

The final premium (including the group credit) should be calculated for each nurse and aggregated for all
professionals to determine the premium for the group policy.
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Minimum Premium
The rating manual specifies that the minimum premium for each nurse, after all discounts, is $100.

Medical Malpractice Rating Algorithm for WGIC

Rating variables are applied multiplicatively, not additively, in consecutive order.

Premium is rounded to the nearest penny after each step and to the nearest dollar amount at the end to
determine the final premium per professional.

Total Premium per Professional = [Max of Min Premium in the rating manual of $100 or

(Base Rate per Nurse

X Specialty Relativity

x Part-time Status Relativity

X Territory Relativity

X (1.0 - Claims-free Discount)

X (1.0 +/- Schedule Rating Debit/Credit) x Limit Relativity
X (1.0 - Deductible Credit)

x Claims-made Factor

X (1.0 - Group Credit ))]

The total policy premium for a policy with multiple professionals is the sum of the premium for the
individual professionals on the policy.

Medical Malpractice Rate Calculation Example for WGIC
A practice of five nurses applied for MM coverage with WGIC.

Quoted premium was $6,500 for a single policy covering the five professionals.

The practice has recently added a psychiatric nurse, and has requested a new quote from WGIC to cover
all six professionals on a single policy. Assume the following characteristics:

The new nurse is an employed professional who works 15 hours per week.

He was previously covered by an occurrence policy and is applying for a CM policy with WGIC.
He practices in Wicked Good’s Territory 3.

He attended five hours of approved continuing education courses in the prior 12 months.

He holds a professional license in senior care, which is considered high risk. He also works in a
senior care facility. The underwriter has chosen to apply debits of 25% for each of these criteria,
but the maximum aggregate debit allowable is 25%.

The policy has $1M/$3M of coverage with a $1,000 deductible per claim.
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The following rating tables from WGIC's rating manual is used to calculate the premium

Entries from Rating Manual

Employed Annual Rate $2,500
Specialty Relativity 0.80
Part-time Status Relativity 0.50
Territory 3 Relativity 1.25

Schedule Rating (subject to 25% maximum) 0%+25%+25% (capped at 25%)

Limit Relativity for $1M/$3M 1.00
Credit for $1000 Deductible 5%
Claims-made Factor 0.20
Group Credit 5%
Minimum Premium $100

Using the rating manual’s rating algorithm, the premium for the individual nurse is calculated as follows:
$282 = $2,500 x 0.80 x 0.50 x 1.25 x [1.00 + 0.25] x 1.00 x [1.00 - 0.05] x 0.20 x [1.00 - 0.05].
Since this premium is greater than the minimum premium per nurse of $100, it applies

The total premium for the six individuals combined is $6,782 = $6,500 + $282.

7  U.S.Workers Compensation Rating Manual Example 29 -34

Workers compensation (WC) insurance is a heavily regulated line of business, and insurers are required
to submit statistical information on WC losses and premium in detail to the National Council on
Compensation Insurance (NCCI), which collects and aggregates the data for ratemaking purposes.

NCCI is the licensed rating and statistical organization for most states, but several states have
independent bureaus or operate as monopolistic plans.

NCCI provides WC insurers with loss cost (the portion of the rates that covers the expected future
losses and LAE for a policy) estimates.

WC insurers calculate their own rates by adjusting the NCCI loss costs to account for their UW
expenses and any perceived difference in loss potential.

The WC ratemaking process produces a rate manual showing the manual premium for each risk.

The premium collected by the insurer is net premium (manual premium adjusted for premium discounts,
individual risk rating modifications (e.g. schedule rating, experience rating), and expense constants).

WGIC writes WC insurance for small companies with 50 employees or less, relies on NCCI for the overall loss
costs and rating tables, but is able to determine its expense provision needed to profitably write business.
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Class Rate

The classification system groups employers with similar operations and similar loss exposures based on job
duties performed by the employees.

The table below shows class rates for specific operations (in this case, retirement centers) that WGIC writes, and
are based on the NCCI class rates, adjusted for WGIC's expenses and perceived differences in loss potential.

Class Rates

Rate per

$100 of

Class Payroll
8810-Clerical 0.49
8825-Food Service Employees 2.77
8824-Health Care Employees 3.99
8826-All Other Employees 3.79

To calculate manual premium:
= determine which classes best describe the activities of the company seeking insurance.

= estimate the amount of exposure ($100s of payroll) expected for each class during the policy period
using the insured’s data.

= multiply the rate per $100 of payroll by the estimated payroll for each class, and aggregate across all
classes for which the prospective insured has exposures to compute manual premium.

Rating and Underwriting Characteristics

Experience Rating (ER)
Manual rates are averages reflecting the usual conditions found in each class.

Manual rates are adjusted using ER to reflect that each risk within a class is different to some extent in
terms of loss potential.

= ER applies for larger policies (which are believed to have more stable loss experience) and NCCI
designates minimum aggregate manual premium for a company to be eligible for ER.

= Regulators mandate that ER be used if the employer meets the industry eligibility requirements.

When using ER, manual premium is adjusted upward if the actual losses for the company are higher than
expected and vice versa. See Chapter 15 for more information on ER.

WGIC only insures small companies and thus ER is not applicable to its insureds.

Schedule Rating (SR)
WGIC has a set of credits and debits that require the underwriter to apply judgment in the UW process.

The underwriter uses judgment (based on experience and internal guidelines) to select a value between the
maximum and minimum for each attribute that may apply for an insured’s workplace operations.

The range of schedule credits and debits that WG’s underwriters can apply is shown below:
=  The overall maximum credit or debit that an underwriter can apply to a single policy is 25%.
= The policy must have an annual manual premium of at least $1,000 to qualify for schedule rating.
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Schedule Rating

Range of Modification
Premises Classification ~ Medical Safety Employees — Management —
Peculiarities Facilities Devices Selection, Safety
Training, Organization
Supervision
+/-10% +/-10% +/-5% -5% - 0% +/-10% +/-5%

Premium Credits

Additional premium credits can be offered to insureds for other factors that may reduce the risk of a WC
claim or limit the cost of a claim once an injury has occurred.

= These credits are not subject to any overall maximum credit.
Premium Credits

Factor Credit
Pre-employment Drug Screening 5%
Employee Assistance Program 10%
Return-to-Work Program 5%

Expenses
Expense Constant

= Afixed fee (expense constant, and in WG'’s case equal to $150 per policy) can be added to all policies to
cover expenses common to all WC policies.

= This fee does not vary by policy size and covers expenses that are not included in the manual rate.

Premium Discount (for administrative expenses that vary with policy size)

= Not all expenses increase uniformly as the premium increases (e.g. a company with $200,000 of payroll
may not generate twice the administrative expenses for the insurer as a $100,000 payroll insured).

= WC insurers reduce the premium for large insureds by using premium discounts to adjust for expense
savings.
Since WG writes only policies for small companies, it does not offer premium discounts.

Minimum Premium
The WC rating manual specifies that the minimum premium for any policy is $1,500.
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Workers Compensation Rating Algorithm for WGIC

The rating algorithm to calculate the final premium for a given policy using the aforementioned rating manual

variables is as follows:
Total Premium = Higher of

N
[Z (Class;rate x $Payroll for class, /100) where N =number of classes

i=1
X (1.0+ Schedule Rating Factor)
X (1.0- Pre-Employment Drug Screening Credit)
X (1.0- Employee Assistance Program Credit)
X (1.0- Return-to-Work Program Credit)
+ Expense Constant]

and, the Minimum Premium specified in the rating manual ($1,500 in WGs case).

Premium is rounded to the nearest penny after each step and to the nearest dollar amount at the end to
determine the total premium (as stated in the manual)

ER factors and premium discounts do not appear in WGIC's rating algorithm because these rating
variables do not apply to its book of business.

Workers Compensation Rate Calculation Example for WGIC
A retirement living center with the following employee classes groups has requested a quote.
Payroll by Class

Class Payroll
8810 — Clerical $35,000
8825 - Food Service Employees $75,000
8824 - Health Care Employees $100,000
8826 - All Other Employees & Salespersons, Drivers $25,000

= The center has trained its entire staff in first aid and first aid equipment is available in the building.
= The center has been inspected by Wicked Good and the premises are clean and well-maintained.

= The center requires all employees to be drug-tested prior to employment.

Steps in computing manual premium.
Step 1. Compute aggregate manual premium.
Manual Premium by Class

Class Payroll Payroll/$100 Rate per $100 of Class Manual

Payroll Premium
1) (2)=(1)/100 3) (4)=(2)*(3)

8810 Clerical $35,000 $350 0.49 $171.50
8825 - Food Service Employees $75,000 $750 2.77 $2,077.50
8824 - Health Care Employees $100,000 $1,000 3.99 $3,990.00
8826 - All Other Employees $25,000 $250 3.79 $947.50
Total $235,000 $7,186.50

Total manual premium for the policy is $7,186.50 = $171.50 + $2,077.50 + $3,990.00 + $947.50.
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Step 2: Underwriter determination of the following credits that should apply based on the retirement living
center’s characteristics:

Schedule Rating Modifications

Modification
Premises Classification Medical Safety Employees —  Management
Peculiarities Facilities Devices Selection, —Safety
Training, Organization
Supervision
-10% 0% 0% -2.5% -5% 0%

The total credit (reduction to manual premium) for SR is 10% + 2.5% + 5% = 17.5%.
= The credit takes into account the first aid equipment, staff training, and cleanliness of the premises.

= Since the credit is less than the maximum allowable credit of 25%, the entire 17.5% credit is applied to
the manual premium.

The schedule rating factor applied to manual premium is 0.825 =1.000 - 0.175.

Step 3: Determine the following other factors that apply to the policy:
Entries from Wicked Good’s Rating Manual

Entries from Rating Manual
Pre-employment Drug Screening Credit 5%
Employee Assistance Program Credit 0%
Return-to-Work Program Credit 0%
Expense Constant $150

The Employee Assistance Program credit and Return-to-Work credit do not apply to the policy because the
center does not have those programs.

Thus, the total premium for the policy is $5,782 = $7,186.50 x 0.825 x (1.0 - 0.05) x (1.0 - 0) x (1.0 - 0) + $150.
Since $5,782 is greater than the minimum premium per policy of $1,500, the total premium for the policy is $5,782.

8 Key Concepts 34-34

1. Basic components of a rate manual
a. Rules
b. Rate pages
c. Rating algorithm
d. Underwriting guidelines

2. Simple rating examples
a. Homeowners
b. Medical malpractice
c. U.S. workers compensation
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Sec Description Pages
1 Introduction and Internal Data 36-42
2 Data Aggregation 42 - 44
3 External Data 44 - 47
4 Key Concepts 47 - 47
1 Introduction and Internal Data 36 -42

The quality of the final rates depends on the quality and guantity of data available.
Ratemaking involves analyzing rate adequacy for various insurance products.
Insurers use internal historical data or industry historical data to compute rates.
Collection and maintenance of relevant and consistent historical data is critical to the process.

Use of relevant external or internal data that has some relationship to a new product offering is key
when pricing a new insurance product.

This chapter focuses on:
= describing high-level specifications for ratemaking data
= discussing various data aggregation methods
= providing insights on external data.

INTERNAL DATA
Data requirements depend upon the type of ratemaking analyses being performed. Examples:

= A full multivariate classification analysis requires historical detail about each item being priced
(e.g. an individual risk, policy, or class of policies).

= Conducting an overall analysis of the adequacy of rates does not require a detailed
understanding of the individual characteristics for each policy

Two types of internal data involved in a ratemaking analysis are:
= risk information (e.g. exposures, premium, claim counts, losses, and claim or policy characteristics).
= accounting information (e.g. UW expenses and ULAE, and often available only at an aggregate level).

Data retrieval processes for ratemaking analysis vary from insurer to insurer.
Actuaries may have access to:
= adatabase specifically designed for ratemaking analyses.

= general databases containing detailed transactional information and then manipulate the data to
make it appropriate for ratemaking analysis.

The following sections describe a particular set of database specifications for risk information and
accounting information. The actuary should review the:

= key coverages of the individual insurance product and the type of ratemaking analysis to be
performed to conclude whether existing data specifications are adequate.

= available data for appropriateness for its intended purpose, reasonableness and
comprehensiveness of the data elements.
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Risk Data

Insurer databases record policy exposure and premium separately from losses in a claims database, however the
ratemaking analysis ultimately requires linking this information for ratemaking purposes.

Policy Database

A policy database captures records (i.e. individual policies or some subdivision of the policy) and fields
(i.e. explanatory information about the record).

A record is defined in a product’s policy database depending upon what exposure measure is used and
how premium is calculated.

Examples of policy database organization for different lines of business:
= In homeowners insurance, a record may be a home for an annual policy period.

= In U.S. WC insurance, rating is based on the payroll of industry classes so separate records are
maintained at the class level.

= In personal auto insurance, separate records are created for:
i. each coverage (though this could be handled via a coverage indicator field in the database).

ii. each auto on a policy (if multiple autos are insured on one policy) or separate records may be
maintained for individual operators on each auto.
Example: An auto policy insuring two drivers on two cars for six coverages could involve 24
records (or four records if coverage is handled as a field).
In addition, records are also subdivided according to any changes in the risk(s) during the policy period (i.e. if
a policy is amended during the policy term, separate records are created for the partial policy periods before
and after the change). See the examples provided later in this summary to better illustrate this.

Fields often present for each record in the policy database are:
» Policy identifier
e Risk identifier(s): When there are multiple risks on a policy, unique risk identifiers are required (e.g.
vehicle number and operator number may be necessary for personal auto databases).

* Relevant dates: While each record contains the effective and expiration dates for the policy or
coverage, separate records are maintained for individual risks and/or individual coverages on the
policy, and the start date of each risk/coverage is recorded.

(e.g. if collision coverage for a new car is added to an existing auto policy, a record is added with
the relevant start date noted).

 Premium: If the line of business has multiple coverages, premium is recorded by coverage as a
separate record or via a coverage indicator field.

(e.g. personal auto databases track premium separately for bodily injury, property damage,
comprehensive, collision and earned and in-force premium can be calculated from the data on record).

* Exposure: Is typically the written exposure but it can be recorded by coverage.

e Characteristics: Include rating variables, UW variables, etc. Some characteristics describe the
policy as a whole (e.g., the policy origination year), while others describe individual risks (e.g.
make/model of automobile) and consequently vary between different records on the same policy.
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Example: Homeowners policies used to construct a policy database:

= Policy A is written on 1/1/2010 with an annual premium of $1,100. The home is located in Territory 1
and the insured has a $250 deductible. The policy remains unchanged for the full term of the policy.

= Policy B is written on 4/1/2010 with an annual premium of $600. The home is located in Territory 2 and
the insured has a deductible of $250. The policy is canceled on 12/31/2010.

= Policy C is written on 7/1/2010 with an annual premium of $1,000. The home is located in Territory 3
and has a deductible of $500. On 1/1/2011, the insured decreases the deductible to $250. The full
annual term premium after the deductible change is $1,200.

Policy database construction:
Policy A can be represented with one record since expired at its original expiration date and had no changes.
Policy B is represented by two records because it was canceled before the policy expired.

The first record for contains information known at policy inception (e.g. one exposure and $600 in WP).

The second record represents an adjustment for the cancellation such that when aggregated, the two records
show a result net of cancellation. As the policy was canceled 75% of the way through the policy period, the
second record should show -0.25 exposure and -$150 (=25% x -$600) of written premium.

Policy C is represented by three records since it has a mid-term adjustment
The first record includes all the information at policy inception.

The second record negates the portion of the original policy that is unearned at the time of the amendment
(i.e. -0.50 exposure and -$500 premium and deductible equal to $500).

The third record represents the information applicable to the portion of the policy written with the new
deductible (i.e. +0.50 exposure and +$600 premium and deductible equal to $250).

Policy Database

Original Original  Transaction

Effective Termination Effective Other  Written Written
Policy Date Date Date Ded Terr Chars Exposure Premium
A 01/01/20 12/31/10 01/01/10 $250 1 1.00 $1,100
B  04/01/10 03/31/11 04/01/10 $250 2 1.00 $600
B  04/01/10 03/31/11 12/31/10  $250 2 -0.25  -$150
C 07/01/10 06/30/11 07/01/10 $500 3 1.00 $1,000
C 07/01/10 06/30/11 01/01/11  $500 3 -0.50  -$500
C 07/01/10 06/30/11 01/01/11  $250 3 0.50 $600

This is ordered by policy rather than transaction effective date.

In a more sophisticated data capture, information for:

= Policy B would be aggregated to one record that shows a “net” exposure of 0.75 and “net” written
premium of $450.

= Policy C would be aggregated to two records representing before and after the deductible change.
The first record would reflect the period of time with the $500 deductible and would have a “net”
exposure of 0.50 and “net” written premium of $500.

The second record reflecting the period of time with the $250 deductible would be identical to the third
record in the original example. The exposure is 0.50 and written premium is $600. This type of
transaction aggregation is required for statistical ratemaking analysis (e.g. GLMS see Chapter 10).
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Claims Database
Each record represents a transaction tied to a specific claim (e.g. a payment or a change in reserve).
Claims involving multiple coverages or causes of loss may be represented as separate records or via indicator

fields.

Fields often present for each record in a claims database are as follows:

Policy identifier
Risk identifier(s): If relevant, the claim database contains a way to identify the risk that had the claim.
This will be necessary to match the claim to the corresponding record in the policy database.

Claim identifier: The claim database contains a unique identifier for each specific claim. This same
identifier is used if the claim has multiple claim transaction records.

Claimant identifier: The claim database contains a unique identifier for each specific claimant on a
particular claim.

Relevant loss dates: includes fields for the date of loss, the date the company was notified of the loss
(i.e. the report date), and the date of the transaction for the specific record (e.g. date of a loss payment,
reserve change, or claim status change).

Claim status: Tracks whether the claim is open (i.e. still an active claim) or closed (i.e. has been
settled). For some policies, it may be common for claims to be re-opened, and it may be advantageous
to add the re-opened and re-closed status descriptions.

Claim count: Identifies the number of claims by coverage associated with the loss occurrence.
Alternatively, if each record or a collection of records defines a single claim by coverage, aggregating
claim counts can be accomplished without this explicit field.

Paid loss: Captures the payments made for each claim record. If there are multiple coverages, perils or
types of loss, the loss payments can be tracked in separate fields or separate records.

If the product is susceptible to catastrophic losses (e.g. hurricanes for property coverage), then
catastrophic payments are tracked separately either through a separate record or an indicator included
on the record.

Event identifier: Identifies any extraordinary event (e.g. catastrophe) involving this particular claim.

Case reserve: Includes the case reserve or the change in the case reserve at the time the transaction
is recorded (e.g. if a payment of $500 is made at a particular date, and this triggers a simultaneous
change in the case reserve, a record is established for this transaction and the paid loss and case
reserve fields are populated)

The case reserve is recorded in separate fields or records by coverage, peril or type of loss and by
catastrophe or non-catastrophe claim, if applicable (as with paid losses).

Allocated loss adjustment expense:

If ALAE can be subdivided into finer categorization, additional fields may be used accordingly.
Insurers may not set ALAE reserves and only payments are tracked on the database.

If a case reserve for ALAE is set, it is maintained in the database, captured separately by coverage or
peril and by catastrophe or non-catastrophe, if applicable.

ULAE cannot be assigned to a specific claim and are handled elsewhere.

Salvage/subrogation: If an insurer replaces property, it assumes ownership of the damaged property,
which may then be reconditioned and sold to offset part of the payments made for the loss; these
recoveries are called salvage. When an insurer pays for an insured’s loss, the company receives the

rights to subrogate (i.e. to recover any damages from a third party who was at fault to the loss event).
Any salvage or subrogation that offsets the loss is tracked and linked to the original claim, if possible.

Claim characteristics: Insurers may collect characteristics associated with the claims (e.g. type of
injury, physician information). While studying the impacts of these characteristics on average claim size
may be interesting for certain purposes (e.g. loss reserve studies), only characteristics known for every
policyholder at the time of policy quotation are usable in the rating algorithm. V
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Example: Homeowners policies used to construct a claims database:

The following example policies can help clarify the data requirements.

Policy A: A covered loss occurs on 1/1/2010. The claim is reported to the insurer on 1/15/2010,
and an initial case reserve of $10,000 is established. An initial payment of $1,000 is made on
3/1/2010, with a corresponding $1,000 reduction in the case reserve. A final payment of $9,000 is
made on 5/1/2010, and the claim is closed.

Policy B: No claim activity.
Policy C: A covered loss occurs on 10/1/2010, is reported on 10/15/2010, and a case reserve of
$18,000 is established. The insurer makes a payment of $2,000 on 12/15/2010, and reduces the

case reserve to $17,000. An additional payment of $7,000 is made on 3/1/2011, and the case
reserve is reduced to $15,000. The claim is closed on 3/1/2012, when the insurer makes a final

payment of $15,000 and receives a $1,000 salvage recovery by selling damaged property.

Policy C: A second loss occurs on 2/1/2011. The claim is reported on 2/15/2011, and an initial
reserve of $15,000 is set. On 12/1/2011, the company pays a law firm $1,000 for fees related to
the handling of the claim. The claim is closed on that date with no loss payments made.

Claims database construction:
The claim from Policy A generates 3 separate records:

one when the claim is reported and the initial reserve is set,

one when the first payment is made,
one when the last payment is made.

There are no claim records for Policy B as no claims were reported.

The two claims from Policy C generate six records:
For claim 1, one record when the claim is reported and the initial reserve is set, and three for the

three different dates that payments and reserve adjustments are made.

For claim 2, one record on the date it is reported and the initial reserve is set and a subsequent
record on the date the claim is closed.

Claim Database

Policy Claim Accident Report Transaction Claim Claim Loss Case Paid Salvage/
Number Date Date Date Status Chars | Payment Reserve ALAE Subro
A 1 01/10/10 01/15/10 01/15/10 Open $ $10,000 $ $
A 1 01/10/10 01/15/10 03/01/10 Open $1,000 $9,000 $ $
A 1 01/10/10 01/15/10 05/01/10 Closed $9,000 $ $ $
C 2 10/01/10 10/15/10 10/15/10 Open $ $18,000 $ $
C 2 10/01/10 10/15/10 12/15/10 Open $2,000 $17,000 $ $
c 2 10/01/10 10/15/10 03/01/11 Open $7,000 $15,000 $ $
c 2 10/01/10 10/15/10 03/01/12 Closed $15,000 $ $ $1,000
C 3 02/01/11 02/15/11 02/15/11 Open $ $15,000 $ $
c 3 02/01/11 02/15/11 12/01/11 Closed $ $1,000 $
This is ordered by policy rather than transaction date.
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Accounting Information

Some required data for ratemaking is not specific to any one policy.
= The salary of the CEO is an expense that cannot be allocated to line of business or individual policy.
= UW expenses and ULAE fall into this category and should be tracked at the aggregate level.

UW expenses (incurred in acquiring and servicing policies) include general expenses, other acquisition
expenses, commissions and brokerage, and taxes, licenses, and fees.

= Commissions can be assigned to specific policies.

= General expenses (e.g. costs associated with the company’s buildings, and other acquisition expenses
like advertising costs) cannot be assigned to a specific claim and are tracked at the aggregate level.

Loss adjustment expenses (LAE) are expenses incurred in the process of settling claims.

= Allocated loss adjustment expenses (ALAE) are directly attributable to a specific claim and are captured
on the claim record.

= Unallocated loss adjustment expenses (ULAE) cannot be assigned to a specific claim, and include
items like the cost of a claim center or salaries of employees responsible for maintaining claims
records. Since ULAE cannot be assigned to a specific claim, these are tracked at the aggregate level.

Insurers track UW and ULAE expenses paid by calendar year.
Subdivision to line of business (LOB) and state may be approximated.
Aggregate figures are used to determine expense provisions used in the ratemaking process.

2 Data Aggregation 42 - 44

Policy, claim, and accounting databases must be aggregated for ratemaking purposes.
Three objectives when aggregating data for ratemaking purposes are:

1. Accurately matching losses and premium for the policy

2. Using the most recent data available

3. Minimizing the cost of data collection and retrieval.

Four data aggregation methods are calendar year (CY), AY (AY), policy year (PY), and report year (RY).
= Each method differs in how well it achieves the above listed objectives.
= Annual accounting periods are used although other periods (e.g. monthly, quarterly) can be used too.

The annual period does not need to be a CY (e.g. 1/1 to 12/31) but could be a fiscal year
(e.g. 7/1/ to 6/30), however CY, by definition needs to be 1/1/XX — 12/31/XX.
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CY aggregation captures premium and loss transactions during a 12-month CY (without regard to policy
effective date, accident date, or report date of the claim).

= CY earned premium (EP) and earned exposure are those earned during a 12 month period.
At CY end, all premium and exposures are fixed.

= CY paid losses include all loss paid during the CY regardless of occurrence date or report date.

= CY Reported losses = paid losses + the change in case reserves during that twelve-month CY.
At the end of the CY, all reported losses are fixed.

Advantage of CY aggregation: data is quickly available at CY end. CY data is used for financial reporting
so there is no additional expense to aggregate the data this way for ratemaking purposes.

Disadvantage of CY aggregation: the mismatch in timing between premium and losses.
CY EP come from policies in force during the year (written either in the previous or the current CY).
Losses, however, may include payments and reserve changes on claims from policies issued years ago.

CY year aggregation for ratemaking analysis may be most appropriate for lines of business or individual
coverages in which losses are reported and settled relatively quickly (e.g. homeowners).

AY aggregation of premium and exposures follows the same precept as CY premium and exposures, and thus
the method is often referred to as CY-AY or FY-AY.

AY aggregation of losses considers losses for accidents that have occurred during a twelve-month period,
regardless of when the policy was issued or the claim was reported.

AY paid losses include loss payments only for those claims that occurred during the year.
AY reported losses = loss payments + plus case reserves only for those claims that occurred during the year.
At AY end, reported losses change as additional claims are reported, claims are paid, or reserves are changed.

Advantage: AY aggregation provides a better match of premium and losses than CY aggregation.
Losses on accidents occurring during the year are compared to EP on policies during the same year.
Since the AY is not closed (fixed) at year end, future development on known losses needs to be estimated.

Selecting a valuation date several months after year end allows the emergence of some development in the
data which may improve the estimation of ultimate losses.

PY aggregation (a.k.a. UW year) considers all premium and loss transactions on policies that were written
during a 12-month period, regardless of when the claim occurred or was reported, reserved, or paid.

= All premium and exposures earned on policies written during the year are part of that policy year’'s
earned premium and earned exposures.

= Premium and exposures are fixed after the expiration date of all policies written during the year.
= PY paid losses include payments made on those claims covered by policies written during the year.

= PY reported losses = payments + case reserves only for those claims covered by policies written
during the year.

At PY end, losses change as additional claims occur, claims are paid, or reserves are changed.

Advantage: PY aggregation represents the best match between losses and premium (since losses on
policies written during the year are compared with premium earned on those same policies).
Disadvantage: Data takes longer to develop than both CY and AY, since PY exposures for a product with an
annual policy term are not fully earned until 24 months after the start of the PY.
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RY aggregation is:

= similar to CY-AY except losses are aggregated according to when the claim was reported (as opposed
to when the claim occurred).

= used for commercial lines products using claims-made policies (e.g. medical malpractice).
See Chapter 16.

Overall versus Classification Analysis

When reviewing the adequacy of the overall rate level, the premium, losses, and exposures can be highly
summarized (aggregated by CY, AY, PY, or RY for the product and location (e.g. state) being analyzed).

If a class analysis is being performed, then the data must be at a more refined level.

= For a univariate classification analysis, the data can be aggregated by year (AY or PY) for each level
(e.g. territory) of the rating variable being studied.

= For a multivariate analysis, it is preferable to organize data at the individual policy or risk level.

Limited Data

Actuaries are sometimes required to perform ratemaking analysis and work with the data that is available and
use actuarial judgment to overcome the data deficiencies (e.g. if EP by territory normally used for an analysis of
auto territorial relativities is not available actuary may use in-force premium by territory to estimate the earned
premium by territory).

3 External Data 44 - 47

When pricing an existing line of business, it is helpful to supplement internal data with external data.
When pricing a new line of business, using external data may be necessary.
The most commonly used sources of external information are described below.

A. Statistical Plans

U.S. property and casualty (P&C) insurance is regulated at the state level, and regulators require insurers to file
statistical data that is consistent in format and summary-based.

Examples:
1. The Texas Private Passenger Automobile Statistical Plan.

= TXused a benchmark rate system for setting personal auto premiums from which insurers could
deviate.

= The benchmark rates were determined based on an analysis of statistical data provided by insurers
writing in Texas, with data aggregated by territory, deductible, and driver class.

= The data was also publicly available and was used by insurers to supplement internal analyses.

2. National Council for Compensation Insurance (NCCI) and Insurance Services Office, Inc (ISO) are two
organizations that meet the U.S. industry’s need for aggregated data.

= These organizations collect, summarize and analyze the aggregated data and make the results of the
analysis available to the participating insurers.

= Participating insurers may be able to request the aggregated data to perform their own independent
analysis.

= These statistical plans collect data at the transactional level, allowing insurers and actuaries to have the
flexibility to perform in-depth analysis at both the overall and segment levels.

State regulators may initiate ad hoc data calls to address a specific need (e.g. several state regulators have
requested closed claim information on medical malpractice claims, and medical malpractice insurers may
request the data to supplement their own data.
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B. Other Aggregated Industry Data

Many insurers voluntarily report data to various organizations to be aggregated and used by the insurance
industry and by regulators, public policy makers, or the general public. Examples:

1. Alarge percentage of U.S. personal lines insurers report quarterly loss data for the “Fast Track Monitoring
System”, used by insurers and U.S. state regulators to analyze loss trends.

2. The Highway Loss Data Institute (HLDI) sponsored by U.S. personal auto insurance insurers:

= compiles member insurer data and provides detailed loss information by type of car to member
insurers and public policy makers.

= provides highly summarized information useful to insurers as well as the general public (e.g. information
on which make and model cars have the highest incident of auto injury).

C. Competitor Rate Filings/Manuals

Competitor rate filings may be available to the public (depending on the jurisdiction).

U.S. insurers may be required to submit rate filings (which include actuarial justification for rate changes and the
manual pages needed to rate a policy) to the appropriate regulatory body when changing rates.

= A filed rate change may only involve a change to base rates only. However, the filing may still include
helpful information related to overall indicated loss cost levels and trends in losses and expenses.

= However, if the insurer is making changes to rating variable differentials (e.g. driver age relativities) the
filing may also include information about the indicated relationships between the different levels for
each rating variable undergoing a change.

Insurers may be required to include the manual pages necessary to rate policies. Recall that a manual contains
the rules, rating structures, and rating algorithms used to estimate the overall average premium level charged
and the premium differences due to different characteristics.

= However it can be very difficult to get a complete copy of a competitor’s rate manual.

i. Insurers do not file a complete manual with each change, but rather file only the pages that are
changing (it may take several filings to piece together a complete manual).

ii. Insurers often create underwriting tiers, which have a significant impact on the final premium, and the
rating manual without the underwriting rules is incomplete information.

= Aninsurer must take great care when relying on information from a competitor’s rate filing.

Each company has different insureds, goals, expense levels, and operating procedures, and if
differences are material, competitor information may not be relevant (e.g. a personal automobile insurer
specializing in writing preferred or super-preferred drivers t has different rates and rating variables than
a non-standard personal automobile insurer).
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D. Other Third-Party Data (not specific to insurance)
The most commonly used types are:
1. Economic data (e.g. Consumer Price Index (CPI))

Insurers may examine the CPI at the component level (e.g. medical cost and construction cost indices) to
find trends relevant to the insurance product being priced.

2. Geo-demographic data (i.e. average characteristics of a particular area).

Population density can be a predictor of accident frequency.

ii. Weather indices, theft indices, and average annual miles driven.

3. Credit data is used by insurers to evaluate the insurance loss experience of risks with different credit scores.
Insurers feel credit is an important predictor of risk and began to vary rates accordingly.

4. Other information related to different insurance products include:

Personal automobile insurance: vehicle characteristics, department of motor vehicle records
Homeowners insurance: distance to fire station

Earthquake insurance: type of soil

Medical malpractice: characteristics of hospital in which doctor practices

Commercial general liability: type of owner (proprietor, stock)

Workers compensation: OSHA inspection data.

4

Key Concepts 47 - 47

1. Internal data
a. Policy database
b. Claim database
c¢. Accounting data

2. Data aggregation
a. Calendar year (CY)
b. Accident year (AY)
c. Policy year (PY)
d. Report year (RY)

3. External data
a. Data calls and statistical plans
b. Other insurance industry aggregated data
c. Competitor information
d. Other third-party data
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The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner, G.
and Modlin, C. were numerous. While past CAS questions were drawn from prior syllabus
readings, the ones shown below remain relevant to the content covered in this chapter.

Questions from the 1993 exam
49. (4 points) Incurred losses can be related to earned premiums using several different time measurements

as follows: i. Calendar year ii. Calendar/accident year iii. Policy year iv. Report year

a. (2 points) Provide one advantage and one disadvantage of each for use in ratemaking.

b. (1 point) Name a line of insurance which uses each time measurement. Your answer should be
restricted to the material on the syllabus.

c. (1 point) For each line named in part b, state why the choice of time measurement is appropriate.

Questions from the 2006 exam:
32. (2 points)

a. (1.5 points) For both premium and loss data, describe the following methods for grouping ratemaking
experience:

= Policy Year
= Calendar Year
= Accident Year

b (0.5 point) For purposes of ratemaking, which method in part a. above is most responsive and which
method is least responsive?

Questions from the 2007 exam:

53. (2.5 points)
a. (1.5 points) Briefly define policy year, calendar year, and accident year loss experience.
b. (0.5 point) Which of the three performs the best with respect to responsiveness? Explain.

c. (0.5 point) Which of the three performs the best with respect to matching premiums and losses?
Explain.
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The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner, G.
and Modlin, C. were numerous. While past CAS questions were drawn from prior syllabus
readings, the ones shown below remain relevant to the content covered in this chapter.

Questions from the 1993 Exam:
Question 49.

a. Calendar year data (premiums and losses) for ratemaking is readily available from annual statement
page 14. However, it is susceptible to changes in reserve level adequacy from year to year.

Calendar/accident year data is also readily available after the end of the year. However, AY losses at the
end of the 1st year are immature and may require substantial development to determine an estimate of its

ultimate value.

Since policy year data is not available until two calendar years after the date of the 1st policy written, the

data is more mature than the prior types mentioned. However, its delay in availability makes it less
responsive to identifying any form of change in the experience.

Report year data is convenient for claims made pricing, since the number of claims reported are frozen at

the end of the report period. Not very useful for pricing occurrence coverage.

b. CY data is used in Auto Physical Damage ratemaking (Chernick), off the current syllabus), CY/ AY data is

used in Automobile ratemaking (Stern, off the current syllabus), PY data is used in Commercial General

Liability (Graves, off the syllabus), and RY data is used in CM ratemaking (Marker/Moh, off the syllabus).

c. CY data is appropriate due to the short tailed nature of auto physical damage, CY/AY data is appropriate

for auto liability since it is responsive to change and since development does not exceed 63 months, PY
data is stable and more mature, which is appropriate for long-tailed liability lines, and RY data is
appropriate for traditional claims made analysis.
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Solutions to questions from the 2006 exam:
32. (2 points)

a. (1.5 points) For both premium and loss data, describe the following methods for grouping
ratemaking experience: Policy Year Calendar Year Accident Year

b (0.5 point) For purposes of ratemaking, which method in part a. above is most responsive and
which method is least responsive?

Initial comments
Review of the following comments made by different authors is helpful prior to answering the question.

McClenahan on PY: Policy year data is based upon the year in which the policy giving rise to exposures,
premiums, claims and losses is effective.

Graves on PY: For the premises and operations lines of insurance, policy year data is used for ratemaking.
The main reason for this is that these lines of insurance tend to have long pay-out patterns
(tails). Claims are not reported to insurers as quickly as in other lines. This creates a problem
when trying to match incurred losses with the premiums from which they arise. This task of
matching incurred losses to earned premiums is achieved through the use of policy year data.

McClenahan on AY: Generally insurers maintain claim data based upon accident date—the date of the
occurrence which gave rise to the claim, and report date—the date the insurer receives
notice of the claim. Claim data can then be aggregated based upon these dates. For
example, the total of all claims with accident dates during 2001 is the accident year 2001
claim count:

Feldblum on RM: Ratemaking should balance the considerations of stability, responsiveness, and equity.
Policy year experience, being the most homogeneous, represents stability; calendar year
experience, being the most recent, represents responsiveness.

Feldblum on CY: Development factors are needed for policy year premium, but not necessarily for calendar
year premium. Calendar year premiums include audit premiums from past policies. If the
premium volume is steady, then the current year’s audits, which actually relate to past
exposures, are about equal to next year’s audits, which relate to the current exposures.

Tiller on ratemaking responsiveness when using experience rating:

The length of the experience rating period usually ranges from two to five years. The shorter the period, the
more responsive the plan will be to changes that truly affect loss (and ALAE) experience, such as changes in
the risk control program, and the more subject to unusual fluctuations in loss (and ALAE) experience.
Conversely, a longer period will result in less responsiveness to changes and to unusual or catastrophic
occurrences.

CAS Model Solution

Part a.

Policy Year — Group premium and losses based upon policies issued during a given block of time.
Calendar Year — Experience for a give block of time.

Premiums = written premium during the period + unearned premium reserve at beginning of period —
unearned premium reserve at end of period.

Losses = paid losses during period + reserves at end of period — reserves at beginning of period.

Accident Year — Premiums are the same as calendar year. Losses are grouped based upon accidents
occurring during the period.

Part b. Calendar Year data is the most responsive because it is the most mature. Policy year is the least
responsive because it is the least mature.
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Solutions to questions from the 2007 exam:

53. (2.5 poaints)
a. (1.5 points) Briefly define policy year, calendar year, and accident year loss experience.
b. (0.5 point) Which of the three performs the best with respect to responsiveness? Explain.

C. (0.5 point) Which of the three performs the best with respect to matching premiums and
losses? Explain.

CAS Model Solution
a. PY: Losses are allocated to the year in which the policy was written.
CY: Losses are allocated to the year in which payments were made and reserves were changed.
AY: Losses are allocated to the year in which the accident occurred.
b. Calendar year is the most recent and responsive because there is no delay due to developing losses.

c. Policy year matches premiums and losses best because the losses are generated by the same
policies for which premium was collected.
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Sec Description Pages
1 Criteria For Exposure Bases 49 - 51
2  Exposures For Large Commercial Risks 51-51
3  Aggregation of Exposures 51-61
4  Exposure Trend 61 - 62
5 Key Concepts 63 - 63
1  Criteria For Exposure Bases 49 - 51

Base rates are expressed as a rate per exposure (see chapter 2). Premium is calculated as the base rate
multiplied by the number of exposures and adjusted by the effect of rating variables and other fees.

CRITERIA FOR EXPOSURE BASES (EB)

A good exposure base should meet the following 3 criteria. It should:
1. be directly proportional to expected loss
2. be practical
3. consider preexisting exposure bases used within the industry.

1. Proportional to Expected Loss

The expected loss of a policy with two exposures should be twice the expected loss of a policy with one
exposure.

This does not mean that the exposure base is the only item by which losses vary.
Expected loss varies by factors used as rating or underwriting variables to reflect risk level differences.

The factor with the most direct relationship to the losses should be selected as the exposure base
(which makes it more easily understood by the insured).

Example: Should homeowners insurance exposure base be number of house years or amount of
insurance?
i. The expected loss for one home insured for 2 years is two times the expected loss of the same
home insured for 1 year.
ii. The expected loss for homes also varies by amount of insurance purchased.
While the expected loss for a $200,000 home is higher than that for a $100,000 home, it may not
necessarily be two times higher.

Since the EB should be the factor most directly proportional to the expected loss, number of house
years is the preferred EB, and amount of insurance should be used as a rating variable.

The exposure base should be responsive to any change in exposure to risk. For some insurance
lines, the exposure base can be responsive to even small changes in exposure.

Example:

Payroll is the commonly used exposure base for WC insurance. As the number of workers increases
(decreases) or the average number of hours worked increases (decreases), both payroll and the risk of
loss increase (decrease) too.

Thus, the EB (i.e., payroll) moves in proportion to expected losses, and the premium will change with
this exposure base change as well.
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2. Practical

The exposure base should be practical, meaning it should be:
1. objective
2. relatively easy to use and
3. inexpensive to obtain and verify.

The EB will be consistently measured by meeting these criteria.

A well-defined and objective exposure should not be able to be manipulated (by policyholders and
producers/underwriters).

Moral Hazard Example:

Asking a personal auto policyholder to state their estimated annual miles driven provides opportunity for
dishonesty more so than the use of car-years as the exposure base.

However, advances in technology may change the choice of EB for personal auto insurance.
Example: Onboard diagnostic devices can accurately track driving patterns and transmit this data to insurers.
Thus, some commercial long haul trucking carriers have implemented miles driven as an EB.

For products liability, products currently in use is the exposure base that is most proportional to expected loss.

However, it is difficult for most firms to accurately track how many of their products are actually being used
during the period covered by the insurance policy.

Therefore, gross sales is used as the EB as it is a reasonable and practical proxy for products in use.

3. Historical Precedence
If there is a more accurate or practical EB than the one currently in use (e.g. miles driven versus car years),
consider the following before implementing it.
1. Any change in the EB can lead to large premium swings for individual insureds.
2. A change in EB will require a change in the rating algorithm, which may require a significant effort to adjust
the rating systems, manuals, etc.
3. Since ratemaking analysis is based on several years of data, a change in EB may necessitate significant
data adjustments for future analyses.
Example: WC has historically used payroll as an EB.
In the 1980s, there was pressure to change the EB to hours worked for medical coverage to correct
perceived inadequacies of the EB for union companies with higher pay scales.
= Although hours worked made intuitive sense, the EB was not changed at that time, given concerns
regarding the transition.
= |Instead, the rating variables and rating algorithm were adjusted to address the inequities (note that the
debate over the choice of WC EB continues to reemerge).

EBs currently used for different lines of business are shown below:

Line of Business Typical Exposure Bases

Personal Automobile Earned Car Year

Homeowners Earned House Year

Workers Compensation Payroll

Commercial General Liability Sales Revenue, Payroll , Square Footage, Number of Units
Commercial Business Property Amount of Insurance Coverage

Physician's Professional Liability Number of Physician Years

Professional Liability Number of Professionals (e.g., Lawyers or Accountants)
Personal Articles Floater Value of Item
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2 Exposures For Large Commercial Risks 51-51

Large commercial risks present challenges for the use more conventional EBs. The amount of exposure for
each separate coverage is difficult to track.

Thus, ratemaking is often done via composite rating and_loss-rated composite rating.

In composite rating, the premium is initially calculated using estimates for each exposure measure along with
relevant rating algorithms for each coverage (e.g. commercial multi-peril policies use different exposure
measures for each coverage part (e.g. sales revenue for general liability, amount of insurance or
property value for commercial business property)).

Since these individual exposure estimates are expected to change over the policy term, a proxy measure is
used to gauge the overall change in exposure to loss (e.g. if property value is chosen as the proxy exposure
measure, a 20% increase in property value during the policy term would trigger a premium adjustment of
20% for the whole policy’s premium), rather than auditing each exposure measure.

In loss-rated composite rating, premium is calculated based on the risk’s historical loss experience, with the
implicit exposure base being the risk itself (See Chapter 15 for more detail).

3 Aggregation of Exposures 51-61

Methods of Aggregation for Annual Terms
Two methods to aggregate exposures are CY (the same as Calendar-AY) and PY.
Recall the 4 common methods of data aggregation are CY, AY, PY, and RY.

Homeowners policies are used to demonstrate these concepts for which there is one exposure per policy with
an annual policy period. Base data for the example:

Policies
Policy | Effective | Expiration |Exposure
Date Date

10/01/10 09/30/11 1.00
01/01/11 12/31/11 1.00
04/01/11 03/31/12 1.00
07/01/11 06/30/12 1.00
10/01/11 09/30/12 1.00
F 01/01/12 12/31/12 1.00
Note: Examples using semi-annual terms are provided later in this chapter.

m| O Ol W >
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These policies are represented pictorially below.

100%
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% of Policy
Term Expired
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The x-axis represents time and the y-axis represents the percentage of the policy term that has expired (this
representation is not applicable to products like warranty that don’t earn evenly).
Each diagonal line represents a different policy.
= At policy inception, 0% of the policy term has expired, and that point is on the lower x-axis at the
effective date.
» At policy expiration, 100% of the policy term has expired, and that point is located on the upper x-
axis at the expiration date.
= The line connecting the effective and expiration points depicts the % of the policy term expired at
each date.

(]” 0

CY and AY Aggregation consider all exposures during the 12-month CY without regard to the date of policy
issuance. Since CY and AY exposures are generally the same (excluding policies that undergo audits), the text

uses the term CY exposure.
= Atthe end of the CY, all exposures are fixed.

= Since CY captures transactions occurring on or after the first day of the year, and on or before the last
day of the year, CY is represented graphically as a square (as shown below).

Calendar Year Aggregation
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PY (a.k.a. UW year) aggregation considers all exposures on policies with effective dates during the year.

PY is represented graphically using a parallelogram starting with a policy written on the first day of the PY and
ending with a policy written on the last day of the PY.

Policy Year Aggregation
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Term Expired

0%

1/1/10 Vi 112 11713
Since PY data takes longer to capture, most ratemaking analysis focuses on CY exposures.

Four types of exposures

1. Written exposures arise from policies issued (i.e. underwritten or written) during a specified period of time
(e.g. a calendar quarter or a CY).

CY 2011 written exposures are the sum of the exposures for all policies that had an effective date in 2011.

= Since policies B, C, D and E all have effective dates (shown as large circles on the horizontal axis)
in 2011; their entire exposure contributes to CY 2011 written exposure.

= However, policies A and F have effective dates in years 2010 and 2012, and thus do not contribute
to CY 2011 written exposure.

CY Written Exposures

CY 10 CY 1l CY 12
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Distribution of Calendar Year Written Exposures a/o 12/31/12
Written Exposures

Effective Expiration
Policy Date Date  Exposure CY 2010 CY 2011 CY 2012
A 10/01/10  09/30/11 1.00 1.00 0.00 0.00

B 01/01/11  12/31/11 1.00 0.00 1.00 0.00
Cc 04/01/11  03/31/12 1.00 0.00 1.00 0.00
D 07/01/11  06/30/12 1.00 0.00 1.00 0.00
E 10/01/11  09/30/12 1.00 0.00 1.00 0.00
F 01/01/12  12/31/12 1.00 0.00 0.00 1.00
Total 6.00 1.00 4.00 1.00
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Policy contribution to CY:
= Each policy contributes a written exposure to a single CY in this example.

= However, if a policy cancels midterm, the policy will contribute a written exposure to two different CYs
if the policy cancellation date is in a different CY year than the original policy effective date.
Example:
If Policy D is cancelled on 3/31/2012 (i.e. after 75% of the policy has expired), then Policy D will
contribute 1 written exposure to CY 2011 and -0.25 written exposure to CY 2012.

PY Written Exposure

100 pe=====m e mm e e e e g m g m e i m e mm e e PY12 ..
8 50
0% } |
1/1/10 1/1/11 1/1/12 1/1/13
Distribution of PY Written Exposures a/o 12/31/12
Written Exposures
Effective Expiration

Policy Date Date  Exposure PY 2010 PY 2011 PY 2012
A 10/01/10  09/30/11 1.00 1.00 0.00 0.00
B 01/01/11  12/31/11 1.00 0.00 1.00 0.00
C 04/01/11  03/31/12 1.00 0.00 1.00 0.00
D 07/01/11  06/30/12 1.00 0.00 1.00 0.00
E 10/01/11  09/30/12 1.00 0.00 1.00 0.00
F 01/01/12  12/31/12 1.00 0.00 0.00 1.00

Total 6.00 1.00 4.00 1.00

In case of cancellation, the original written exposure and the written exposure due to the cancellation are all
booked in the same PY (since PY written exposures are aggregated by policy effective dates).

This contrasts with CY written exposure and cancellation exposure which can apply to two different CYs
depending on when the cancellation occurs.

2. Earned exposures are the portion of written exposures for which coverage has already been provided as of
a certain point in time.

Assume the probability of a claim is evenly distributed throughout the year.

If all policies are written on 1/1 for one year, earned exposures as of 5/31/XX are 5/12 of written
exposures.
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To better understand the difference between CY and PY earned exposures, look at the CY diagram:
CY Earned Exposure
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For Policy C, 75% of the policy period is earned in 2011 and 25% of the policy period is earned in 2012.
Policy C contributes 0.75 (75% * 1.00) of earned exposure to CY 2011 and 0.25 earned exposure to CY 2012.

Distribution of Calendar Year Earned Exposures a/o 12/31/12

Earned Exposures
Effective Expiration
Policy Date Date Exposure CY 2010 CY 2011 CY 2012
A 10/01/10  09/30/11 1.00 0.25 0.75 0.00
B 01/01/11  12/31/11 1.00 0.00 1.00 0.00
C 04/01/11  03/31/12 1.00 0.00 0.75 0.25
D 07/01/11  06/30/12 1.00 0.00 0.50 0.50
E 10/01/11  09/30/12 1.00 0.00 0.25 0.75
F 01/01/12  12/31/12 1.00 0.00 0.00 1.00
Total 6.00 0.25 3.25 2.50

Consider PY Earned Exposure
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o
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= Earned exposure is assigned to the year the policy was written and increases over time.

= Atthe end of a PY (i.e. 24 months after the start of a PY having annual policies), PY earned and
written exposures are equivalent.

= Unlike CY earned exposure, exposure for one policy cannot be earned in two different PYs.
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Distribution of PY Earned Exposures a/o 12/31/12

Earned Exposures
Effective Expiration

Policy  Date Date  Exposure PY 2010 PY 2011 PY 2012
A 10/01/10  09/30/11 1.00 1.00 0.00 0.00
B 01/01/11  12/31/11 1.00 0.00 1.00 0.00
C  04/01/11  03/31/12 1.00 0.00 1.00 0.00
D 07/01/11 06/30/12 1.00 0.00 1.00 0.00
E 10/01/11  09/30/12 1.00 0.00 1.00 0.00
F 01/01/12  12/31/12 1.00 0.00 0.00 1.00

Total 6.00 1.00 4.00 1.00

Note: An even earning pattern assumption is not appropriate for lines such as warranty and those
affected by seasonal fluctuations in writings (e.g. boat owners insurance).

Earning pattern assumptions are usually based on historical experience.

3. Unearned exposures are the portion of written exposures for which coverage has not yet been provided as
of that point in time (and applies to individual policies and groups of policies).

Written Exposures = Earned Exposures + Unearned Exposures.

For groups of policies, the formula depends on the method of data aggregation.

* For PY aggregation as of a certain point in time, the formula above applies.

* For CY aggregation, the formula becomes
CY Unearned Exposures = CY Written Exposures — CY Earned Exposures + Unearned Exposures
as of the beginning of CY.

4. In-force exposures are the number of insured units exposed to having a claim at a given point in time.

Example: The in-force exposure as of 6/15/2011 is the sum of full-term exposures for all policies that have
an inception date on or before 6/15/2011 and an expiration date after 6/15/2011.

A vertical line drawn at the valuation date will intersect the policies that are in-force on that date.
Policies A, B, and C are in effect on 6/15/11 and each contributes to 6/15/11 in-force exposures.
In-Force Exposure

100% =========================9

.

f 1
1/1/10 /1711 6/1511 1/1/12 1/1/13

50%

% of Policy
Term Expired
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In-force Exposure by Date

In-Force Exposure a/o
Effective  Expiration
Policy Date Date Exposure 01/01/11 06/15/11  01/01/12
A 10/01/10  09/30/11 1.00 1.00 1.00 0.00
B 01/0111  12/31/11 1.00 1.00 1.00 0.00
C 04/01/11  03/31/12 1.00 0.00 1.00 1.00
D 07/01/11  06/30/12 1.00 0.00 0.00 1.00
E 10/01/11  09/30/12 1.00 0.00 0.00 1.00
F 01/01/12  12/31/12 1.00 0.00 0.00 1.00
Total 6.00 2.00 3.00 4.00

Policy Terms Other Than Annual

When policy terms are shorter or longer than a year, then aggregation for each type of exposure is calculated
differently.

If the policies are six-month policies, each policy would represent one-half of an exposure
Six-Month Policies
Effective  Expiration

Policy Date Date Exposure

A 10/01/10 03/31/11 0.50
01/01/11 06/30/11 0.50
04/01/11 09/30/11 0.50
07/01/11 12/31/11 0.50
10/01/11 03/31/12 0.50
01/01/12 06/30/12 0.50

mmOoOO®

Example Policies
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CY Written Exposures a/o 12/31/12

Written Exposures
Effective Expiration
Policy Date Date  Exposure CY 2010 CY 2011 CY 2012
A 10/01/10  03/31/11 0.50 0.50 0.00 0.00
B 01/01/11  06/30/11 0.50 0.00 0.50 0.00
C 04/01/11  09/30/11 0.50 0.00 0.50 0.00
D 07/01/11  12/31/11 0.50 0.00 0.50 0.00
E 10/01/11  03/31/12 0.50 0.00 0.50 0.00
F 01/01/12  06/30/12 0.50 0.00 0.00 0.50
Total 3.00 0.50 2.00 0.50
CY Earned Exposures a/o 12/31/12
Earned Exposure

Policy
A

B
C
D
E

F
Total

Effective Expiration

Date

Date

10/01/10  03/31/11 0.50
01/01/11  06/30/11 0.50
04/01/11  09/30/11 0.50
07/01/11  12/31/11 0.50

10/01/11  03/31/12 0.50
01/01/12  06/30/12 0.50

Exposure CY 2010 CY 2011 CY 2012

0.25 0.25 0.00
0.00 0.50 0.00
0.00 0.50 0.00
0.00 0.50 0.00
0.00 0.25 0.25
0.00 0.00 0.50
3.00 0.25 2.00 0.75

Policy Written Exposures a/o 12/31/12

Effective  Expiration Written Exposures

Policy Date Date Exposure PY 2010 PY 2011 PY 2012

A 10/1/2010  3/31/2011 0.50 0.50 0.00 0.00

B 1/1/2011  6/30/2011 0.50 0.00 0.50 0.00

C 4/1/2011  9/30/2011 0.50 0.00 0.50 0.00

D 7/1/2011 12/31/2011 0.50 0.00 0.50 0.00

E 10/1/2011  3/31/2012 0.50 0.00 0.50 0.00

F 1/1/2012  6/30/2012 0.50 0.00 0.00 0.50
Total 3.00 0.50 2.00 0.50

Policy Year Earned Exposures a/o 12/31/12
Effective  Expiration Earned Exposures

Policy Date Date Exposure PY 2010 PY 2011 PY 2012

A 10/1/2010  3/31/2011 0.50 0.50 0.00 0.00

B 1/1/2011  6/30/2011 0.50 0.00 0.50 0.00

C 4/1/2011  9/30/2011 0.50 0.00 0.50 0.00

D 7/1/2011 12/31/2011 0.50 0.00 0.50 0.00

E 10/1/2011  3/31/2012 0.50 0.00 0.50 0.00

F 1/1/2012  6/30/2012 0.50 0.00 0.00 0.50
Total 3.00 0.50 2.00 0.50
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Assuming insured units are “number of homes” insured at a point in time, each semi-annual policy
contributes one in-force exposure.

In-force Exposure by Date

Effective Expiration No. of Houses In-Force Exposures a/o

Policy Date Date Insured CY 2010 CY 2011 CY 2012

A 10/1/2010  3/31/2011 1.00 1.00 0.00 0.00

B 1/1/2011  6/30/2011 1.00 1.00 1.00 0.00

C 4/1/2011  9/30/2011 1.00 0.00 1.00 0.00

D 7/1/2011 12/31/2011 1.00 0.00 0.00 0.00

E 10/1/2011  3/31/2012 1.00 0.00 0.00 1.00

F 1/1/2012  6/30/2012 1.00 0.00 0.00 1.00
Total 6.00 2.00 2.00 2.00

Calculation of Blocks of Exposures

Insurers may have policy information summarized on a monthly or quarterly basis and need to calculate
exposures for a block of policies using this summarized data. In such a case:

= jtis customary to treat all policies as if they were written on the mid-point of the period.

= when summarizing on a monthly basis, all policies are assumed to be written on the 15th of the month.
(i.e. this is known as “15th of the month” rule or the “24ths” method.)

= this approximation applies as long as policies are written uniformly during each time period.

= if this approach is applied to longer periods (e.g. quarters or years), the assumption of uniform writings is
less likely to be reasonable.

To demonstrate how the rule applies, assume an insurer begins writing annual policies in 2010 and writes 240
exposures each month.

It is reasonable to assume that some of the 240 exposures written in July were in-force as of the first day of
the month.

However, the “15th of the month” rule assumes that none of the exposures from the July policies contribute
to in-force exposures as of 7/1/2010 because the rule assumes all the July policies are written on 7/15.

(see the table below and look at in-force exposures as of 7/1/2010 and at 7/10/2010 written exposures).
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Aggregate In-force Calculation

Written Assumed
Month Exposure Effective Date  o97/01/20 01/01/11  07/01/11
Jan 10 240 01/15/10 240 240 0
Feb 10 240 02/15/10 240 240 0
Mar 10 240 03/15/10 240 240 0
Apr 10 240 04/15/10 240 240 0
May 10 240 05/15/10 240 240 0
June 10 240 06/15/10 240 240 0
July 10 240 07/15/10 0 240 240
Aug 10 240 08/15/10 0 240 240
Sep 10 240 09/15/10 0 240 240
Cot 10 240 10/15/10 0 240 240
Nov10 240 11/15/10 0 240 240
Dec 10 240 12/15/10 0 240 240
Total 2,880 1,440 2,880 1,440

Earned Exposure %’s calculation:

Since policies for a given month are assumed to be written on the 15th of the month, the written exposures for
annual policies will be earned over a 13-month calendar period:

= 1/24 of the exposure will be earned in the second half of the month in which it was written
= 1/12 (or 2/24) of the exposure will be earned in each of the next 11 months (i.e. months 2-12) and
= 1/24 of the exposure will be earned in the first half of month 13.

Distribution of earned exposures to CYs 2010 and 2011:

1 2 3 4 5 6)=(2)x(4) (7)=(2)x(5)
Earned % Earned Exposures
Written  Exposures Assumed
Month  Written  Effective date 2010 2011 2010 2011
Jan 10 240 01/15/10 23/24 1/24 230 10
Feb 10 240 02/15/10 21/24 3/24 210 30
Mar 10 240 03/15/10 19/24 5/24 190 50
Apr 10 240 04/15/10 17/24 7/24 170 70
May 10 240 05/15/10 15/24 9/24 150 90
Jun 10 240 06/15/10 13/24 11/24 130 110
Jul 10 240 07/15/10 11/24 13/24 110 130
Aug-10 240 08/15/10 9/24 15/24 90 150
Sep-10 240 09/15/10 7124 17/24 70 170
Oct 10 240 10/15/10 5/24 19/24 50 190
Nov 10 240 11/15/10 3/24 21/24 30 210
Dec 10 240 12/15/10 1/24 23/24 10 230
Total 2,881 1,440 1,440

(4) = Portion of exposure earned in 2010. (5) = Portion of exposure earned in 2011.
The same principles apply when using the “15th of the month” rule on PY aggregation.
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4  Exposure Trend 61 - 62

For some lines of business, the exposure measure is inflation sensitive (e.g. payroll and sales revenue are
influenced by inflationary pressures).

These trends can be measured via internal insurance company data (e.g. WC payroll) or via industry indices
(e.g. average wage index).

The way in which exposure trend impacts the calculation of the overall rate level indication depends on:
= whether the loss ratio or pure premium method is employed and
= how loss trends are calculated

These are discussed in Chapters 5 and 6.

5 Key Concepts 63 - 63

1. Definition of an exposure
2. Criteria of a good exposure base
a. Proportional to expected loss
b. Practical
c. Considers historical precedence
3. Exposure bases for large commercial risks
4. Exposure aggregation
a. Calendar year v. policy year
b. Written, earned, unearned, in-force

5. Calculation for blocks of exposure (“15th of the month” rule)

6. Exposure trend
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The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner, G.
and Modlin, C. were numerous. While past CAS questions were drawn from prior syllabus
readings, the ones shown below remain relevant to the content covered in this chapter.
Section 1: Criteria for Exposure Bases

Questions from the 1992 exam

53. In the Study Note Reading "Exposure Bases Revisited", Bouska discusses Causes and Controversy
Involved in Changing Exposure Bases.

(a) (1 point) What are the three desirable traits of an exposure base?

(b) (1.5 points) Discuss the issues surrounding Workers Compensation with regard to using hours
worked versus payroll.

Question from the 1995 exam
36. According to McClenahan, chapter 2, “Ratemaking," Foundations of Casualty Actuarial Science, the
specific exposure unit used for a given type of insurance should depend on several factors.
(a) (2 points) List and briefly describe the four factors he discusses.
(b) (1 point) Based on the four factors in (a), discuss the use of the following exposure units for automobile
ratemaking: 1) car years 2) miles driven per year.

Question from the 1997 exam

25. A. (1 point) According to the "Statement of Principles Regarding Property and Casualty
Ratemaking,"” what are three desirable features for exposure units to have?

C. (2 points) According to Bouska, "Exposure Bases Revisited," the standard exposure bases are
often not used for large risks. Briefly describe two alternative rating plans used for large risks that
modify the usual exposure base.

Questions from the 2009 exam

17. (2 points) An insurance company is considering changing the personal automobile exposure base
from earned car years to number of miles driven.

a. (1 point) Identify four desirable characteristics of an exposure base.

b. (1 point) Discuss whether or not the change to a miles-driven exposure base should be made,
referencing each of the four characteristics identified in part a, above.

Questions from the 2010 exam
16. (2 points)
a. (1 point) Identify and briefly describe two criteria for a good exposure base.

b. (0.5 point) Evaluate "market value of the house" as an exposure base for homeowners insurance
using the two criteria identified in part a. above.

c. (0.5 point) Provide two reasons why a change in exposure base may be difficult.

Questions from the 2011 exam

2. (1.5 points) An insurer is considering changing the exposure base used to price personal auto from
earned car years to annual miles driven. Evaluate the merits of this change based on each of three
different criteria of a good exposure base.

Questions from the 2012 exam:

2. (1.5 points) An insurance company is considering changing its exposure base for workers
compensation from payroll to number of employees. Evaluate the merits of this change based on each
of three different criteria of a good exposure base.
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Section 2: Computing Exposures

Questions from the 2000 exam

38. (4 points) Based on McClenahan, "Ratemaking," chapter 2 of Foundations of Casualty Actuarial Science,

and the following data, answer the questions below.

Personal Automobile Liability Data:

Calendar Year 1997 Calendar Year 1998
Number of Autos Number of Autos
Written on Written on
Effective Date Effective Date Effective Date Effective Date
January 1, 1997 100 January 1, 1998 900
April 1, 1997 300 April 1, 1998 1,100
July 1, 1997 500 July 1, 1998 1,300
October 1, 1997 700 October 1, 1998 1,500

Assume:

* All policies are twelve-month policies.

« Written premium per car during calendar year 1997 is $500.

* A uniform rate increase of 15% was introduced effective July 1, 1998.

a. (112 point)  Calculate the number of in-force exposures on January 1, 1998. (chapter 4)

b. (1 point) Calculate the number of earned exposures for calendar year 1998. (chapter 4)

c. (12 point)  List the two methods McClenahan describes that are used to adjust earned premiums to a
current rate level basis. (chapter 5)

d. (1 point) Which of the two methods listed in part c. above would be more appropriate to use for this
company's personal automobile liability business? Briefly explain why. (chapter 5)

e. (1 point) Using your selected method from part d. above, calculate the on-level earned premium for

calendar year 1998. (chapter 5)

Questions from the 2010 exam:
17. (2 points) Given the following activity on five annual personal automobile policies as of June 30, 2009:

Policy Effective Date Original Expiration Mid-term Cancellation
Date Date
1 July 1, 2007 June 30, 2008 N/A
2 October 1, 2007 September 30, 2008 March 31, 2008
3 January 1, 2008 December 31, 2008 N/A
4 March 1, 2008 February 28, 2009 June 30, 2008
5 July 1, 2008 June 30, 2009 N/A

The exposure base is earned car years.

a. (0.5 point) Calculate the 2008 calendar year written exposure.
b. (0.5 point) Calculate the 2008 calendar year earned exposure.
c. (0.5 point) Calculate the 2007 policy year written exposure.

d. (0.5 point) Calculate the in-force exposure as of April 1, 2008.
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Questions from the 2011 exam:
3. (1.25 points) Given the following:
. Each policy insures only one car
. Policies are earned evenly throughout the year

Policy Effective Date Original Expiration Date Cancellation Date
A February 1, 2009 July 31, 2009
B May 1, 2009 October 31, 2009
C August 1, 2009 January 31, 2010
D November 1, 2009 April 30, 2010 January 31, 2010
E January 1, 2010 June 30, 2010
F July 1, 2010 December 31, 2010

a. (0.25 point) Calculate the written car years in calendar year 2010.

b. (0.25 point) Calculate the written car years in policy year 2010.

c. (0.25 point) Calculate the earned car years in calendar year 2010.

d. (0.25 point) Calculate the earned car years in policy year 2010.

e. (0.25 point) Calculate the number of in-force policies as of January 1, 2010.

Questions from the 2012 exam:

3. (1.5 points) Given the following information:
e Aninsurance company started writing business on January 1, 2011.
o All policies are one-year term.

Policy Effective Dates Exposures
January 1 through March 31 100
April 1 through June 30 200
July 1 through September 30 300
October 1 through December 31 400

a. (1 point) Calculate the 2011 earned exposures assuming policies are written uniformly during each
quarter.

b. (0.5 point) Discuss the appropriateness of the assumption in part a. above given the exposure data.
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The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner, G. and
Modlin, C. were numerous. While past CAS questions were drawn from prior syllabus
readings, the ones shown below remain relevant to the content covered in this chapter.

Section 1: Criteria for Exposure Bases
Solutions to questions from the 1992 exam
53. (a) 1. An accurate measure of the exposure to loss.
2. Easy to determine for the insurer.
3. Difficult to manipulate by the insured.

Present Day Update: While the above 3 criteria were the right answers in 1992, the current
reading by Werner and Modlin, list them differently:

1. Proportional to expected loss: The selected EB should be the factor most directly
proportional to loss and be responsive to any change in exposure to risk.

2. Practical — Objective and Easy to Obtain/verify

3. Historical Precedence — changes in historical EB can cause large premium swings,
changes in rating algorithms, and necessitate adjustments to historical data analyses.

(b) It was caused by discontent among insureds over the inequities in the rating mechanism.
If a unionized company pays more per employee, it will have higher payroll and pay more for its WC coverage.
1. To the extent that the unionized company's indemnity losses are higher, the premium difference is correct.

2. To the extent that losses are from medical payments, or are capped by max benefits, use of
payroll is not justified.

Solutions to questions from the 1995 exam

Question 36.

al. Reasonableness: the exposure unit should be a reasonable measure of the exposure to loss.
2. Ease of Determination: the exposure unit must be subject to accurate determination.

3. Responsiveness to Change: It should react to change in the true exposure to loss.

4. Historical Practice: A change in an exposure unit could render the prior history unusable.
Present Day Update: The list according to Werner and Modlin is a little different:

1. Proportional to expected loss: The selected EB should be the factor most directly
proportional to loss and be responsive to any change in exposure to risk.

2. Practical — Objective and Easy to Obtain/verify

3. Historical Precedence — changes in historical EB can cause large premium swings, changes
in rating algorithms, and necessitate adjustments to historical data analyses.

b. Reasonableness: Car-years are a reasonable measure of the exposure to loss, but doesn’t
differentiate by type of vehicle. It is easy to determine and somewhat responsive to change. Historically,
it has been the industry measure for some time.

Reasonableness: Miles driven are a reasonable measure of the exposure to loss, but doesn’t account for
the location of the driving (urban or rural). It is not easy to determine since it subject to audit by the
insurance company. It is responsive to change, since the relative exposure to loss increases as miles
driven increases. It would be difficult to implement and would render the prior history unusable.
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Solutions to questions from the 1997 exam
Question 25.
A Exposure units should:
1. Vary with the hazard.
2. Be practical.
3. Be verifiable.
Present Day Update: The list according to Werner and Modlin is:

1. Proportional to expected loss: The selected EB should be the factor most directly proportional
to loss and be responsive to any change in exposure to risk.

2. Practical — Objective and Easy to Obtain/verify

3. Historical Precedence — changes in historical EB can cause large premium swings, changes in
rating algorithms, and necessitate adjustments to historical data analyses.

B. Question no longer applicable to the content in this chapter.

C. Large Risks are usually subject to either Composite Rating or Loss Rating.

1. Composite Rating is used to simplify the rating for insureds with multiple exposures (hundreds of
vehicles in their auto fleets or many insured locations).

e First, a proxy exposure base (such as receipts or mileage for long haul trucking) is selected.

e Next, the rate per proxy unit is determined by dividing the risk’s premium, calculated
normally, by proxy exposure base.

The simplified equation for charged premium = (Number of expected proxy units) * (Rate per proxy unit).

After policy expiration, the firm’s receipts are audited, so that the actual number of actual proxy units can
be used to determine the firm’s final premium.

2. Under Loss rating, the exposure base is the risk itself, and the rate is its expected losses.
The equation for charged premium = Expected Losses + Expense Load, for a very large risk.
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Solutions to questions from the 2009 exam
Question 17
al. varies with the hazard (WM would say be directly proportional to expected loss)
2. verifiable (WM would say this is a characteristic of being practical)
3. not subject to manipulation (WM would say this is a characteristic of being practical)
4. practical
Present Day Update: The Werner and Modlin text uses the following list:

1. Proportional to expected loss: The selected EB should be the factor most directly
proportional to loss and be responsive to any change in exposure to risk.

2. Practical — Objective and Easy to Obtain/verify

3. Historical Precedence — changes in historical EB can cause large premium swings,
changes in rating algorithms, and necessitate adjustments to historical data analyses.

b1. Miles driven certainly varies with the hazard; the more you drive the more likely you are to get in an
accident.

2. Verifiable - may not be easy to verify. Someone would have to inspect each car at the end of the year to
read the odometer.

3. Certainly subject to manipulation. If the insured was asked how many miles driven in a year without
verification, he could easily lie. Even if the number was verified, there are still ways to turn the numbers
on an odometer back.

4. Miles driven is practical and intuitive. Most insured would understand that miles driven would be directly
correlated to probability of accidents.

Overall, the change to miles driven should not be made since the downsides of costly verification and
possibility of manipulation out weigh the benefits of varying with the hazard and practicality.

Solutions to questions from the 2010 exam
Question 16
a. (1 point) Identify and briefly describe two criteria for a good exposure base.

b. (0.5 point) Evaluate "market value of the house" as an exposure base for homeowners insurance using
the two criteria identified in part a. above.

c. (0.5 point) Provide two reasons why a change in exposure base may be difficult.

al. 1. Directly proportional to loss. The exposure should have direct relationship to loss and vary proportionally
to it (i.e. the expected loss of a policy with two exposures should be twice the expected loss of a similar
policy with one exposure).

a2. Practical. Exposure should be
+ Objective, not subjective, and definitively measurable
» Verifiable. Can be checked

b1. No. A house with $ 200K market value does not have 2 times expected loss than house with $100K market
value.

b2. No. Market value is somewhat subjective. No definite measure.

c1. Rates are likely to change substantially when an exposure base changes. Insured may not be happy with
changes.

c2. System limitations: hard to build new system based on new exposure, and may not even have data for it.
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Solutions to questions from the 2011 exam:
Question 2 — Model Solution 1

Car year to annual miles driven, 3 criteria:
1. Proportional to expected loss:

Should select variable with the most direct relationship to loss. Should adjust based on modifications
to exposure of the risk to a loss.

Annual miles driven seems a better choice, since the more you drive, the more at risk you are to have
a loss.

2. Practical: Should be objective, well-defined, and relatively easy to obtain and verify.

Miles driven are objective and a well-defined exposure, but can be expensive to send inspectors to
verify odometer. Also, if ask client, it is subject to moral hazard.

3. Historical precedent: Car years have historically been used. Changing to miles driven could cause: -
significant variation in premium

-need to modify systems
-need to collect new data (cost of survey or inspections)

Based on the 3 criteria, the costs of implementing this new structure and practical issues overweight
the benefits of the 1st one. Should keep earned car years as exposure base.

Question 2 — Model Solution 2
Exposure base should be:
1. proportional to loss
2. practical (verifiable, objective, easy to admin)
3. Have historical precedence
Annual miles driven satisfies 1 in that it is proportional to loss. More miles driven = more exposure.
Annual miles driven does not satisfy 2 in that it is difficult to verify and can be easily manipulated.

Annual miles driven does not satisfy 3 since it hasn’t been used in the past. Changing the exposure base
may cause prem. swings. Also, the data needed may not be readily available to create a database.

Exam 5, Vla Page 65 © 2014 by All 10, Inc.



Chapter 4 — Exposures
BAsIC RATEMAKING — WERNER, G. AND MODLIN, C.

Questions from the 2012 exam:

2. (1.5 points) An insurance company is considering changing its exposure base for workers
compensation from payroll to number of employees. Evaluate the merits of this change based on each
of three different criteria of a good exposure base.

Question 2 (Exam 5A Question 2)

1. Directly proportional to expected loss: Number of employees does reflect exposure to loss, but
payroll is more reflective of exposure loss. For example, having twice as many employees does
not mean that the expected losses will double, but only that frequency of loss would double
(severity would depend on the payroll distribution). Payroll is responsive to changes in both
frequency and severity.

2. Practical: Numbers of employees is a well-defined and objective measure. However, it may not be
as easy to obtain as payroll information because payroll is tracked for numerous financial reports
whereas number of employees is not. It may be harder to administer because insured could
manipulate information regarding number of employees more easily than that regarding payroll.

3. Considers historical precedence: Number of employees does not meet this criteria because payroll
has been used historically as the exposure base for WC. Changing to numbers of employees may
lead to the following issues:

1. Lead to large premium swings.

2. Require significant systems changes.
3. Require a change in rating algorithm.
4

Necessitate significant data adjustments for future ratemaking analysis.

CONCLUSION: Given these constraints, | would NOT recommend changing the exposure base to
number of employees.

Examiner Comments

Candidates scored well on this question. Some candidates lost points for either not supporting the reason or
restating the criteria as the reason.
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Section 2: Computing Exposures
Solutions to questions from the 2000 exam

Question 38.
Parts a and b. the number of in-force exposures on January 1, 1998, and earned exposures for CY 1998.
Number of Autos Number of
Written on Inforce Exposures 1998 Earned 1998 Earned
Effective Date Effective Date on 1/1/98 Factor Exposures
(1) (2) (3) (4)=(1)*(3)

January 1, 1997 100 0 0.0 0
April 1, 1997 300 300 .25 75
July 1, 1997 500 500 .50 250
October 1, 1997 700 700 .75 525
January 1, 1998 900 900 1.0 900
April 1, 1998 1,100 0 .75 825
July 1, 1998 1,300 0 .50 650
October 1, 1998 1,500 0 25 375
Total 2,400 3,600

* In-force exposures are the number of insured units exposed to having a claim at a given point in time.

Inforce exposure counts a full car year for each 12 month policy in force as of 1/1/98, regardless of the length of
the remaining term.

* Earned exposures are the portion of written exposures for which coverage has already been provided as of a
certain point in time. For example:

3 of the 12 months of coverage for the 300 exposures written on 4/1/97 occur during CY 1998. Assuming
there are no policy cancellations, this portion (3/12) of the total exposures written will be earned during CY
1998, and thus the 1998 Earned Factor is .25.

Parts c., d. and e. See Chapter 5.
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Solutions to questions from the 2010 exam:

Question 17. Compute CY, PY and In-force Exposures
Initial comments:

*

*

*

CY captures transactions occurring on or after the first day of the CY, and on or before the last day of the CY.
Ex. CY 2011 written exposures are the sum of the exposures for all policies that had an effective date in 2011.

Earned exposures are the portion of written exposures for which coverage has already been provided as of a
certain point in time.

PY (a.k.a. UW year) aggregation considers all exposures on policies with effective dates during the year.
In-force exposures are the number of insured units exposed to having a claim at a given point in time.

If a policy cancels midterm, the policy will contribute written exposure to two different CYs if the date of the
cancellation is in a different calendar year than the original effective date ( positively or negatively, respectively)

CAS Model Solution “Un-Edited” shown below.

A. Policy 08 CY WE B. Policy 08 CY EE
1 0 1 0.5
2 -0.5 2 0.25
3 1 3 1.0
4 1-2/3 4 0.333
5 1 5 0.5
1.833 2.583
C. Policy 07 PY WE D. Policy In-Force 4/1/08
1 1.0 1 1
2 0.5 2 0
3 0 3 1
4 0 4 1
5 0 5 0
1.5 3
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Solutions to questions from the 2011 exam:

Question 3

Policy Effective Date Original Expiration Date Cancellation Date
A February 1, 2009 July 31, 2009
B May 1, 2009 October 31, 2009
C August 1, 2009 January 31, 2010
D November 1, 2009 April 30, 2010 January 31, 2010
E January 1, 2010 June 30, 2010
F July 1, 2010 December 31, 2010

a. (0.25 point) Calculate the written car years in calendar year 2010.

b. (0.25 point) Calculate the written car years in policy year 2010.

c. (0.25 point) Calculate the earned car years in calendar year 2010.

d. (0.25 point) Calculate the earned car years in policy year 2010.

e. (0.25 point) Calculate the number of in-force policies as of January 1, 2010.

Initial comments:

= Since we are asked to compute CY and PY written car years, CY and PY earned car years and in-force
policies for six different policies, it is best to set up a table similar to the one below to answer the
question in the most efficient way possible.

= Since the given policies are six-month policies, each would represent one-half of a written exposure.

» Since insured units are defined as number of autos insured at a point in time, each semi-annual policy
can contribute to one in-force exposure.

= Since the exposures needing to be calculated are associated with 2010, it is clear that policy A and
policy B contribute 0 exposures to questions a., b. c. d. and e.

Definitions of the type of exposures being asked to compute are as follows:

Written exposures arise from policies issued (i.e. underwritten or written) during a specified period of time
(e.g. a calendar quarter or a CY). CY 2011 written exposures are the sum of the exposures for all policies that
had an effective date in 2011.

If a policy cancels midterm, the policy will contribute a written exposure to two different CYs if the policy
cancellation date is in a different CY year than the original policy effective date.

Policy D is cancelled on 1/31/2010, one half way through its policy period. Policy D will contribute 1/2 written
exposure to CY 2009 and -(1/2)*(1/2) = -0.25 written exposure to CY 2010.

Earned exposures are the portion of written exposures for which coverage has already been provided as of a
certain point in time.

The % of Policy C earned in CY 2010 is 1/6 (January only). Thus, Policy C contributes 1/2*1/6 = 1/12 earned
exposures to CY 2010.

The % of Policy D earned in CY 2010 is 1/6 (January only). Thus, Policy D contributes 1/2*1/6 = 1/12 earned
exposures to CY 2010.

Note: Unlike CY earned exposure, exposure for one policy cannot be earned in two different PYs.

In-force exposures are the number of insured units exposed to having a claim at a given point in time.

Policies A and B are not exposed to loss as of 1/1/2010 (due to policy expiration). Policy F is not exposed to
loss as of 1/1/2010 (since it is not effective until 7/1/2010).
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Solutions to questions from the 2011 exam:
Question 3 — CAS Model Solution
Policy (a) (b) (o) (d) (e)
0 0 0 0 O
0 0 0 0 O
0 0o 12 0 1
-1/4 0 112 O 1
12 12 12 12 1
0
3

moow>

F V2 12 12z 12
Total .75 1 14/12 1

Assume that a full policy = %2 car year (semi annual)

(@) .75=-1/4+1/2+1/2

(b)y1=1/2+1/2

(c)14/12 =112+ 112+ 1/2 + 1/2

(d1=1/2+1/2

(e) 3=1+1+1 (recall that each semi-annual policy can contribute to one in-force exposure).
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Questions from the 2012 exam:
3a. (1 point) Calculate the 2011 earned exposures assuming policies are written uniformly during each quarter.
3b. (0.5 point) Discuss the appropriateness of the assumption in part a. above given the exposure data.

Question 3 — Model Solution 1 (Exam 5A Question 3)

a. Pol Eff dates Avg eff date % yr rem exp EE
(1) (2) 3) (4) (5)=(3)*(4)
1/1 thru 3/31 2/15 0.875 100 87.5
4/1 thru 6/30 5/15 0.625 200 125.0
7/1 thru 9/30 8/15 0.375 300 112.5
10/1 thru 12/31 11/15 0.125 400 50.0
375.0

2011 Earned Exposures: 375.0
3/12=.25/2=.125. [6/12+3/12]/2 = [.5+.25]/2=.375. [9/12+6/12]/2 = [.75+.5]/2=.625.
[12/12+9/12])/2 = [1.0+.75]/2=.875.

b The assumption of uniform writings throughout the quarter seems inappropriate, given that there is such
a dramatic increase in writings from one quarter to the next. It's more likely that writings increase
throughout the quarter as well.

Question 3 — Model Solution 2 (Exam 5A Question 3)
Proportion Earned
Jan- 23/24
F-21/24 100
M - 19/24
A-17/24
M - 15/24 200
J-13/24
J-11/24
A-9/24 300
S-7/24
O -5/24
N - 3/24 400
D-1/24
2011 Earned Exposure = Avg No. of Policies Written per month * monthly Proportion Earned by year end
=100/3 [(23 +21+19) /24] + 200/3[(17+15+13)/24] + 300/3 [(11+9+7)/24] + 400/3 [(5+3+1)/24]
=87.5+125+112.5+50 =375

b. Exposure is increasing each quarter. It is likely that this is the case within quarter ie March has more
exposure than January. We assume uniform exposure which does not appear correct with this
increasing observed exposure trend.
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Solutions to questions from the 2012 exam
Question 3 — Model Solution 3 (Exam 5A Question 3)

a
Policy eff dates  exposures Average written Earned year earned
1/1 - 3/31 100 2/15 10.5/12 87.5
4/1 — 6/30 200 5/15 7.5/12 125
7/1 —-9/30 300 8/15 4.5/12 112.5
10/1 — 12/31 400 11/15 1.5/12 50.
375

(Answer for a))

b. Appropriate to assume that policies are written uniformly during each quarter?

— As written exposures are steadily increasing.
It won’t be appropriate to assume policies are uniformly written during the year.
— Quarterly periods are fairly granular enough to assume that polices are written uniformly in the period.

Examiners Comments

Candidates scored well on this question. Some candidates used the same assumptions but
applied/calculated on a monthly basis. This was given full credit as well. Common mistakes include
making the exposures uniform throughout the year and effective at the beginning of the month instead of
uniform throughout the quarter.
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Sec Description Pages
1 Premium Aggregation 63-70
2 Adjustments To Premium 70 - 87
3 Key Concepts 88 - 88
1 Premium Aggregation 63-70

The goal of ratemaking is to balance the fundamental insurance equation:

Premium = Losses + LAE + UW Expenses + UW Profit.

The ratemaking process begins with applying a series of adjustments to historical premium.

1.

Bring historical premium to the rate level currently in effect.

Without this adjustment, any rate changes during or after the historical period with not be fully reflected
in the premium and will distort the projections

Develop premium to ultimate levels if the premium is still changing.
Project the historical premium to the premium level expected in the future.

This accounts for changes in the mix of business that have occurred or are expected to occur after the
historical experience period.

Appendices A, C, and D provide examples from various lines of business of the premium adjustments
made in ratemaking analysis.

Two approaches to evaluate the adequacy of rates underlying an insurer’s premium are the:

Pure premium approach and
Loss ratio approach.

The loss ratio approach requires that premium to be collected during a future time period be
estimated (this is not the case when using the pure premium approach). When using the pure
premium approach, the adjustments in this chapter are not needed.

This chapter covers:

ways to define and aggregate premium

techniques used to adjust historical premium to current rate level
techniques used to develop historical premium to ultimate level
techniques used to measure and apply premium trend
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Methods of Aggregation for Annual Terms

Two methods to aggregate premiums are CY (the same as Calendar-AY) and PY.
Recall the 4 common methods of data aggregation are CY, AY, PY, and RY.
Homeowners policies are used to demonstrate these concepts

Effective | Expiration

Policy Date Date Premium
A 10/01/10 | 09/30/11 $200

01/01/11 | 12/31/11 $250

04/01/11 | 03/31/12 $300

07/01/11 | 06/30/12 $400

10/01/11 | 09/30/12 $350

01/01/12 | 12/31/12 $225

MmO Ol

These policies are illustrated below.
100%

50%

% of Policy
Term Expired

0% [ ]
1/1/10 1/1/11 1/1/13

The x-axis represents time and the y-axis represents the percentage of the policy term that has expired (this
representation is not applicable to products like warranty that don’t earn evenly).

CY and AY Aggregation consider all premium transactions during the 12-month CY without regard to the
date of policy issuance (since CY and AY premiums are equivalent, the text uses the term CY premium).

= Atthe end of the CY, CY premiums are fixed.

= Since CY captures transactions occurring on or after the first day of the year, and on or before the last
day of the year, CY is represented graphically as a square (as shown below).

CY Aggregation

100%

S{TJ o

% of Policy
Term Expired
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PY (a.k.a. UW year) aggregation considers all premiums on policies with effective dates during the year.

PY is represented graphically using a parallelogram starting with a policy written on the first day of the PY and
ending with a policy written on the last day of the PY.

PY Aggregation

T R L e e

50% [--------st———m—mmo A

% of Policy
Term Expired

0% 1 , ;
1/1/10 1/1/11 1/1/12 /113

Since a PY takes 24 months to complete, and CY premium is fixed at 12 months, most ratemaking analysis
focuses on CY premiums (and AY losses).

Four types of premium

1. Written premium arise from policies issued (i.e. underwritten) during a specified period of time (e.g. a
calendar quarter or a CY).

CY 2011 written premium is the sum of premiums for policies having an effective date in 2011.

= Since policies B, C, D and E all have effective dates (shown as large circles on the horizontal axis) in
2011, their entire premium contributes to CY 2011 written premium.

= However, policies A and F have effective dates in years 2010 and 2012, and thus do not contribute to
CY 2011 written premium.

CY Written Premium

1002 === === == s == s ramoosmassmss e "

50%

% nl' Pl)]il.')"
Term Expired

(}U” . :
1/1/10 1/1/11 1/1/12 1/1/13

The distribution of written premium to each calendar year is shown below:
Calendar Year Written Premium a/o 12/31/12

Written Premium
Effective Expiration Premium

Policy Date Date CY2010 CY2011 CY 2012

A 10/01/10 09/30/11 $200.00 $200.00

B 01/01/11 12/31/11 $250.00 $ 250.00

C 04/01/11 03/31/12 $300.00 $ 300.00

D 07/01/11 06/30/12 $400.00 $ 400.00

E 10/01/11 09/30/12 $350.00 $ 350.00

F 01/01/12 12/31/12 $225.00 $225.00
Total $1725.00 $200.00 $1,300.00  $225.00
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Policy

contribution to CY:
Each policy contributes written premium to a single CY in this example.

However, if a policy cancels midterm, the policy will contribute written premium to two different CYs if
the policy cancellation date is in a different CY year than the original policy effective date.

If Policy D is cancelled on 3/31/2012 (i.e. after 75% of the policy has expired), then Policy D will
contribute $400 of written premium to CY 2011 and -$100= (-$400 *.25) of written premium to CY 2012.

PY Written Premium

% of Policy

100% ---------------------------------------------------- E Y-l.z. .......
5 50%
0% J |
1/1/10 1/1/11 1/1/12 1/1/13
Distribution of PY Written Premium a/o 12/31/12
Effective Expiration Written Premium
Policy Date Date Premium PY 2010 PY 2011 PY 2012
A 10/01/10 09/30/11 $200.00 $200.00
B 01/01/11 12/31/11 $250.00 $250.00
C 04/01/11 03/31/12 $300.00 $300.00
D 07/01/11 06/30/12 $400.00 $400.00
E 10/01/11 09/30/12 $350.00 $350.00
F 01/01/12 12/31/12 $225.00 $225.00
Total $1,725.00 $200.00 $1,300.00 $225.00

In

case of cancellation, the original written premium and the written premium due to the cancellation are

booked to the same PY (since PY written premium are aggregated by policy effective dates).

This contrasts with CY written premium and cancellation premium which can apply to two different CYs
depending on when the cancellation occurs.
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2. Earned premium are the portion of written premium for which coverage has been provided and the insurer
is entitled to retain as of a certain point in time.

To better understand the difference between CY and PY earned exposure, look at the CY diagram:
CY Earned premium

100% ======S===c---e--- e esassanenanans

50% foememcemencncac. - R

% of Policy

Term Expired

”"n

1/1/10

For Policy C, 75% of the policy period is earned in 2011 and 25% of the policy period is earned in 2012.
Policy C contributes $225 (75% * $300) of earned premium to CY 2011 and $75 earned premium to CY 2012.

Distribution of CY Earned Premium a/o 12/31/12

Effective  Expiration Earned Premium
Policy Date Date Premium CY 2010 CY 2011 CY 2012
A 10/01/10  09/30/11  $200.00 $50.00 $150.00
B 01/01/11  12/31/11  $250.00 $250.00
C 04/01/11  03/31/12  $300.00 $225.00  $75.00
D 07/01/11  06/30/12  $400.00 $200.00  $200.00
E 10/01/11  09/30/12  $350.00 $87.50  $262.50
F 01/0112  12/31/12  $225.00 $225.00
Total $50.00 $912.50  $762.50

PY Earned Premium:

100%

50%

% of Policy

Term Expired

0%

1
1/1/10 1/1/11 1/1/12 1/1/13

= Earned premium is assigned to the year the policy was written and increases over time.

= Atthe end of a PY (i.e. 24 months after the start of a PY having annual policies), PY earned and
written premium are equivalent.

= Unlike CY earned premium, premium for one policy cannot be earned in two different PYs.
» Premiums for lines subject to premium audits continue to develop after the end of the policy period.
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PY Earned Premium a/o 12/31/12

Effective Expiration Earned Premium

Policy Date Date Premium PY 2010 PY 2011 PY 2012

A 10/01/10 09/30/11 $200.00 $200.00

B 01/01/11 12/31/11 $250.00 $250.00 $ -

C 04/01/11 03/31/12 $300.00 $300.00

D 07/01/11 06/30/12 $400.00 - $400.00

E 10/01/11 09/30/12 $350.00 - $350.00

F 01/01/12 12/31/12 $225.00 $225.00
Total $1,725.00 $200.00 $1,300.00 $225.00

3. Unearned premium is the portion of written premium for which coverage has not yet been provided as of
that point in time (and applies to individual policies and groups of policies).
Written Premium = Earned Premium + Unearned Premium (ok when PY aggregation is used)

CY Unearned Premium = CY WP — CY EP + Unearned Premium as of the beginning of the CY.
4. In-force premiums are the number of insured units exposed to having a claim at a given point in time.

Example: The in-force premium as of 6/15/2011 is the sum of full-term premium for all policies that have an
inception date on or before 6/15/2011 and an expiration date after 6/15/2011.

A vertical line drawn at the valuation date will intersect the policies that are in-force on that date.
Policies A, B, and C are in effect on 6/15/11 and each contributes to the 6/15/11 in-force exposures.
In-Force Premium

100% p===================cccc==q

% of Policy
Term Expired
z-

1/1/10 111 61511 1/112 1/1/13
In-force Premium by Date

In-Force Premium a/o
Effective  Expiration
Policy Date Date Premium 01/01/11 06/15/11  01/01/12
A 10/01/10  09/30/11  $200.00 $200.00 $200.00 $--

B 01/01/11  12/31/11  $250.00 $250.00 $250.00 -
C 04/01/11  03/31/12  $300.00 $300.00 $300.00
D 07/01/11  06/30/12  $400.00 $400.00
E 10/01/11  09/30/12  $350.00 $350.00
F 01/01112  12/31/12  $225.00 $225.00
Total $1,725.00 $450.00 $750.00 $1,275.00

Calculation of in-force premium (in case of a mid-term adjustment):
= Assume Policy D is changed on 1/1/2012 and full-term premium increases from $400 to $800.
=  The policyholder will pay $600 (=$400 x 0.5 + $800 x 0.5).

» The in-force premium is $400 for an in-force date between 7/1/2011 and 12/31/2011 and $800 for an
in-force date between 1/1/2012 and 6/30/2012.

= The in-force premium is the best estimate of the insurer’s mix of business as of a given date. The most
recent in-force premium is used to measure the impact of a rate change on an existing portfolio.
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Policy Terms Other Than Annual

When policy terms are not annual the concepts are the same. See chapter 4 for the techniques involved.
Caution is needed when interpreting in-force premium when considering portfolios with policies of different
terms.

Calculation of Blocks of Policies

Insurers may have policy information summarized on a monthly or quarterly basis and need to calculate
exposures for the block of policies using this summarized data. In such a case,

= itis customary to treat all policies as if they were written on the mid-point of the period.

= when summarizing on a monthly basis, all policies are assumed to be written on the 15th of the month.
(i.e. this is known as “15th of the month” rule )

= this approximation applies as long as policies are written uniformly during each time period.

= if this approach is applied to longer periods (e.g. quarters or years), the assumption of uniform writings is
less likely to be reasonable.

2  Adjustments To Premium 70 - 87

To project future premium, historical premium must be:

= brought to current rate level. This involves adjusting premium for rate increases (decreases) that
occurred during or after the historical experience period.

This is known as adjusting the premium “to current rate level” or putting the premium “on-level”.
Two current rate level methods are extension of exposures and the parallelogram method.

= developed to ultimate. This is relevant when an analyzing incomplete policy years or premium that
has yet to undergo audit.

= adjusted for actual or expected distributional changes. This is done through premium trending,
and both the one-step and two-step trending are discussed in this section.

Current Rate Level

Consider a case in which all policies were written at a rate of $200 during the historical period.
= After the historical period, there was a 5% rate increase so the current rate in effect is $210.
= Assume the “true” indicated rate for the future ratemaking time period is $220.

i. If the historical rate (i.e. $200) is compared to the indicated rate (i.e. $220) without considering the
5% increase already implemented, the conclusion that rates need to be increased by 10% is
reached, resulting in a new indicated rate of $231 (= $210 x 1.10), which is excessive.

ii. If instead, historical premium were restated to the present rate level of $210 and compared to the
indicated rate, the correct rate need of 4.8% (= $220/210 - 1.00) is reached.

The extension of exposures method and the parallelogram method bring premium to the current rate level are
discussed below.
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Simple Example
Assume policies have annual terms and premium is calculated according to the following rating algorithm:
Premium = Exposure x Rate per Exposure x Class Factor + Policy Fee.

The class factor has three values, or levels (X, Y, and Z), each with a distinct rate differential. The following
three rate changes occurred during or after the historical experience period.

* 7/1/2010: the base rate was increased and resulted in an overall average rate level increase of 5%."

+ 1/1/2011: the base rate and policy fee were adjusted resulting in an overall average rate level
increase of 10%.

* 4/1/2012: the policy fee and class Y and Z rate relativities were changed resulting in an overall
average rate level decrease of -1%.

The reader may be confused by the overall average rate changes provided in this example [e.g., how a 5.6% (=950/900-1.00)
change in rate per exposure results in an overall average rate change of 5.0%)]. The overall average rate change considers the
average change in the total premium per policy, which is a function of the rate per exposure, the number of exposures per
policy, the applicable class factors, and the policy fee. These detailed inputs have not been provided; the overall average rate
change should be taken as a given for the purpose of illustrating premium at current rate level techniques.

Rate Change History

Rate Overall Rate

Level Effective Average Per Class Factor Policy

Group Date Rate change Exposure X Y Z Fee
1 Initial -- $900 1.00 0.60 1.10 $1,000
2 07/01/10 5.0% $950 1.00 0.60 1.10 $1,000
3 01/01/11 10.0% $1,045 1.00 0.60 1.10 $1,100
4 04/01/12 -1.0% $1,045 1.00 0.70 1.10 $1,090

Method 1: Extension of Exposures

This method rerates every policy to restate historical premium to the amount that would be charged under the
current rates.

Advantage: It is the most accurate current rate leveling method, given the level of current computing power to
perform the number of calculations required to rerate each policy.

Disadvantage: The rating variables, risk characteristics and rating algorithm needed to rerate each policy
during the historical period are often not readily available.

Assume the following:
= We wish to adjust the historical premium for PY 2011 to the current rate level.
= One such policy was effective on 3/1/2011 and had 10 class Y exposures.

= The actual premium charged for the policy was based on the rates effective on 1/1/2011, and was
$7,370 (= 10 x $1,045 x 0.60 + $1,100).
To put the premium on-level:
= Substitute the current base rate, class factor, and policy fee in the calculations; this results in an on-
level premium of $8,405 (= 10 x $1,045 x 0.70 + $1,090).
= Perform the same calculation for every policy written in 2011 and then aggregate across all policies.

Notes: Policies with the exact same rating characteristics can be grouped for the purposes of the extension of
exposures technique, but is only relevant in lines with simple rating algorithms and few rating variables.

In commercial lines products, where subjective debits and credits can be applied to manual premium,
complicates the use of the extension of exposures technique since it may be difficult to determine what
debits and credits would be applied under today’s schedule rating guidelines.
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Method 2: Parallelogram Method (a.k.a. the geometric method)
The parallelogram method:
= s performed on a group of policies
= is less accurate than extension of exposures.
= assumes that premium is written evenly throughout the time period
= involves adjusting aggregated historical premium by an average factor to put the premium on-level.

= application varies by policy term, method of aggregation (CY vs. PY), and whether the rate change
affects policies midterm or only policies with effective dates occurring after the change.

Standard Calculations
The objective: Replace the average rate level for a given historical year with the current rate level.
The major steps are as follows:

1. Determine the timing and amount of the rate changes during and after the experience period and group
the policies into rate level groups according to the timing of each rate change.

Calculate the portion of the year’s earned premium corresponding to each rate level group.
Calculate the cumulative rate level index for each rate level group.
Calculate the weighted average cumulative rate level index for each year.

Calculate the on-level factor as the ratio of the current cumulative rate level index and the average
cumulative rate level index for the appropriate year.

6. Apply the on-level factor to the earned premium for the appropriate year.
For the parallelogram method, exact rates are not required.

ok wDd

Step 1: Obtain the effective date and overall rate changes for the policies under consideration.

Recall that annual policies have been issued and rate changes apply to policies effective on or after the
date (i.e. do not apply to policies in mid-term).

Rate Overall
Level Effective Average
Group Date Rate
1 Initial
2 07/01/10 5.0%
3 01/01/11 10.0%
4 04/01/12 -1.0%

Step 2: View these rate changes in graphical format.
Assume the actuary is trying to adjust each CY’s EP premium to current rate level.
= CYs are represented by squares.

= Each rate change is represented by a diagonal line, the slope of which depends on the term
of the policy (which is annual in this case)

= The numbers 1, 2, 3, and 4 represent the rate level group in effect.
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Rate Changes assuming CY EP with Annual Policies
2010 2011 2012 2013
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Next calculate the portion of each CY’s EP (the area within the square) that corresponds to each rate level.
For CY 2011, there are three areas representing EP on policies written:
= after 1/1/2010 and prior to the 7/1/2010 rate change (area of rate level group 1 in CY 2011).
= onor after 7/1/2010 and before 1/1/2011 (area of rate level group 2 in CY 2011).
= onor after 1/1/2011 and before 1/1/2012 (area of rate level group 3 in CY 2011).
Geometry and the assumption that the policies written are uniformly distributed are used to calculate the
portion of the square represented by each rate level area.
Note: The following geometric formulae may be used in the parallelogram method:
Area of a triangle: 72 x base x height

Area of a parallelogram: base x height
Area of a trapezoid: %2 x (base1 + base 2) x height

Area 1in CY 2011 is a triangle with area equal to 2 x base x height.
The base and height are both 6 months (1/1/2011 to 6/30/2011) so the area (in months) is 18 (= 2 x 6 x 6).
This area’s portion of the entire CY square is 0.125 (=18 /(12 x 12)).
Simplify by restating the base and height as portions of a year (0.125 = 742 x /2 x 1%).
In some areas (e.g. area 2 in CY 2011), it is easier to calculate as 1.0 - the sum of the remaining areas.

CY 2011 rate levels area are shown below:
Area 1in CY 2011: 0.125 =0.50x 0.50 x 0.50
Area 2 in CY 2011: 0.375 =1.00-(0.125 + 0.500)
Area 3 in CY 2011: 0.500 =0.50x1.00x1.0
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Step 3: Calculate the cumulative rate level index for each rate level group.
= The first rate level group is assigned a rate level of 1.00.

= The cumulative rate level index of each subsequent group is the prior group’s cumulative rate
level index multiplied by the rate level for that group.

i. the cumulative rate level index for the second rate level group is 1.05 (= 1.00 x 1.05).
ii. the cumulative rate level index for the third rate level group is 1.155 (= 1.05 x 1.10).

1 2 3 4
Overall

Rate | Effective | Average |Rate Level| Cumulative
Level Date Rate Index Rate Level

Group Change Index

1 Initial - 1.00 1.0000

2 7/1/10 5.0% 1.05 1.0500

3 1/1/11 10.0% 1.10 1.1550

4 4/1/12 -1.0% 0.99 1.1435

(4= (Previous Row 4) x (3)

Step 4: Calculate the average rate level index for each year (i.e. the weighted average of the cumulative
rate level indices in Step 3, using the areas calculated in Step 2 as weights).

The average rate level index for CY 2011 is 1.0963 =1.000 x 0.125 + 1.0500 x 0.375 + 1.1550 x 0.500.

Step 5: Calculate the on-level factor as follows:
Current Cumulative Rate Level Index
Average Rate Level Index for Historical Period

=  The numerator is the most recent cumulative rate level index
= The denominator is the result of Step 4.

On - Level Factor for Historical Period =

1.1435
The on-level factor for CY 2011 EP (assuming annual policies) is 1.0431="———

1.0963

Step 6: The on-level factor is applied to the CY 2011 EP to bring it to current rate level.
CY 2011 EP at current rate level= CY 2011 EP x 1.0431.
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Standard CY Calculations for Six-Month Policies

If the policy term is six months (common in personal automobile coverage), then the rate level groups can
be depicted as follows:

2 2 2012 2013
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Step 2: The areas for CY 2011 are:
Area 1in CY 2011: N/A
Area 2in CY 2011: 0.250 =0.50x0.50 x 1.00
Area 3in CY 2011: 0.750 =1.00-0.250

Step 3: The cumulative rate level indices are the same as those used for the annual policies.
Step 4: The average rate level index for CY 2001 assuming semi-annual policies:
1.1288 = 1.0500 x 0.250 + 1.1550 x 0.750

1.1435
Step 5: The on-level factor to adjust CY 2011 EP to current rate level is: 1.0130 = ——— (and is

1.1288
smaller than for annual policies because the semi-annual rate changes earn more quickly).

Standard PY Calculations for Annual Policies
2010 2011 2012
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Since PY 2011 only had one rate level applied to the whole year, PY 2012 will be reviewed.
The area of each parallelogram is base x height.
Area 3 in Policy Year 2012 has a base of 3 months (or 0.25 of a year) and the height is 12 months (or 1.00 year).

Step 2: The relevant areas for PY 2012 are as follows:
* Area 3in PY 2012: 0.25=0.25x1.00
* Area4in PY 2012: 0.75=0.75x1.00
Step 3: The cumulative rate level indices are the same as those used in the CY example.
Step 4: The average rate level index for PY 2012 is: 1.1464 = 1.1550 x 0.25 + 1.1435 x 0.75.
1.1435

Step 5: The on-level factor to adjust PY 2012 EP to current rate level is 0.9975 = L1464
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Rate Changes Mandated by Law
Rate changes mandated by law changes apply the rate change to all policies on or after a specific date
(including those in-force).
The rate level change is represented as a vertical line.
Assume a law change mandates a rate decrease of 5% on 7/1/2011 applicable to all policies.

2010 2011 2012 2013
100% """'"""""""“":7:' """" :;"""""“""""“:7" """""""
~12b
_‘? "4 : "l "f
£ 50% 1 7 2ay 3b o 4
e m ¢ 1 .
H; "’f "'l i "'0
- S o H ”
. ~ 3a
0% - I . ! “ t 1
7/1/10 /e 711 4/1/12
5% Change 10%  -5% Law -1% Change

Change Change
The vertical line splits rate level groups 2 and 3 into two pieces each.
The -5% law change impacts rate level indices associated with the portion of areas 2b, 3b, and 4.

The areas for CY 2011 are as follows:
« Area1inCY 2011: 0.125= 0.50 x 0.50 x 0.50
* Area2ainCY 2011: 0.250= 0.50-0.125-0.125
* Area2binCY 2011: 0.125= 0.50 x 0.50 x 0.50
* Area3ainCY 2011: 0.125= 0.50x0.50 x 0.50
« Area3binCY 2011: 0.375= 0.50-0.125

The cumulative rate level indices associated with each group are as follows:
Step 3 (with Benefit Change)

Rate Level Cumulative Rate
Group Level Index
1 1.0000
2a 1.0500
2b 0.9975
3a 1.1550
3b 1.0973
4 1.0863

CY 2011 on-level factor:
1.0171=

1.0863
1.0000 x 0.125 +1.0500 x 0.250 + 0.9975 x 0.125 +1.1550 x 0.125 +1.0973 x 0.375
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Comments on the Parallelogram Method
Two problems with the parallelogram method:
1. The method is not useful if the assumption that policies are evenly written throughout the year is not true.
Example: Boat owners policies are usually purchased prior to the start of boat season and thus are not
uniformly written throughout the year.
Ways to partially circumvent the need for uniform writings:
a. Use a more refined period of time than a year (e.g. quarters or months).

b. Calculate the actual distribution of writings and use these to determine more accurate weightings to
compute the historical average rate level.

Aggregate policies based on which rate level was applicable rather than based on a time period, and
the premium for each rate level group is adjusted together based on subsequent rate changes.

2. Premium for certain classes will not be on-level if the implemented rate changes vary by class.

Even if the overall premium may be adjusted to a current rate level, adjusted premium will not be
appropriate for class ratemaking.
This major shortcoming has caused insurers to favor of the extension of exposures approach.

Premium Development
When working with an incomplete year of data or when premiums for a line of business are subject to premium
audits, premium development methods are used for ratemaking purposes.

To incorporate responsiveness into the ratemaking analysis, the actuary may choose to use data for a year that
is not yet complete (more common for PY analysis due to the time it takes for the PY to close).

Assume a ratemaking analysis is performed on PY 2011 data as of 12/31/2011.

=  While WP is known, it is not known which policies may have changes or will be cancelled during the
policy term.

= To estimate how premium will develop to ultimate, historical patterns of premium development are
analyzed to understand the effect of cancellations and mid-term adjustment on PY premium.

For Lines that utilize premium audits:
= The insured will pay premium based on an estimate of the total exposure.

= Once the policy period is complete and the actual exposure is known, the final premium is calculated.
For example, WC premium depends on payroll and the final WC premium is determined by payroll
audits that occur 3 - 6 months after the policy expires.

Premium development depends on several factors including:
» The type of plan (permitted by the jurisdiction or offered by the carrier).
= The stability between the original premium estimate and the final audited premium.
» Internal company operations (e.g. auditing procedures, marketing strategy, accounting policy, etc.).
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PY Premium Development Example:
= A WC carrier writes one policy per month in 2011.
= Estimated premium for each policy is booked at policy inception for $500,000.
= Premium develops upward by 8% at the first audit (6 months after the policy expires).

At 12/31/2012, the six policies written in the first half of 2011 have completed their audits, but the six policies
written in the second half of the year have not.

PY 2011 premium as of 12/31/2012 is: $6,240,000 = 6 x $500,000 x 1.08 + 6 x $500,000

At 12/31/2013, all twelve policies have completed their final audits and premium is final.
PY 2011 premium as of 12/31/2013 is: $6,480,000 = 12 x $500,000 x 1.08

From 12/31/2012 (24 months after the start of the PY) to 12/31/2013 (36 months after the start of the PY), the
premium development factor is 1.0385 (= $6.48 million / $6.24 million).

Premium development does not typically apply to CY premium since CY premium is fixed. However, some
actuaries may adjust CY premium if audit patterns are changing and a CY analysis is being performed.

Note: Rates changes, Inflationary changes and Policy Characteristic Distributional changes impact the
average premium level

Exposure Trend

The average premium level can change over time due to inflation in lines of business with exposure bases that
are inflation-sensitive, like payroll (for WC and GL) or receipts (GL).

Trends are used to project inflation-sensitive exposures (and thus premium) and are determined using internal
company data (e.g. WC payroll data) or industry or government indices (e.g. average wage index).

Premium Trend

The average premium level can change over time due to changes in the characteristics of the policies written
(a.k.a. distributional changes) and the resulting change in average premium level is known as premium trend.

Examples that can cause changes in the average premium level:

+ Avrating characteristic can cause average premium to change (e.g. HO premium varies based on
the amount of insurance purchased, which is indexed and increases automatically with inflation;
therefore, average premium increases as well).

* Moving all existing insureds to a higher deductible (e.g. if an insurer moves each insured to a
higher deductible upon renewal, and renewals are spread throughout the year, there will be a decrease
in average premium over the entire transition period).

Trend is not necessary once the transition is complete.

* Acquiring the entire portfolio of another insurer writing higher policy limits (e.g. a HO insurer
acquires a book of business that includes predominantly high-valued homes, the acquisition will cause a
very abrupt increase in the average premium due to the increase in average home values).

After the books are consolidated, no additional shifts in the business are expected.
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To adjust for premium trend, the actuary needs to:
= determine how to measure any changes that have occurred

= decide whether observed distributional shifts were caused by a one-time event or a shift that is
expected to continue in the future

= judgmentally incorporate any additional shifts that are reasonably expected to happen in the future.

Actuaries examine changes in historical average premium per exposure to determine premium trend.

Average premium should be calculated on an exposure basis rather than a policy basis, using the exposure
base underlying the rate.

A decision to use earned or written premium must be made.

Written premium is a leading indicator of trends that will emerge in earned premium and the trends observed
in written premium are appropriate to apply to historical earned premium.

Assuming adequate data is available, the actuary will use quarterly average written premium (as
opposed to annual average written premium) to make the statistic as responsive as possible.

Data used to estimate premium trend due to distributional changes: Change in Average WP

(1) (2) 3) (4) (5)
Average
Written Written
Premium at Written PRr:trglll_jg:l;t Annual
Quarter | Current Rate | Exposures Change
1Q09 $323,189.17 453 $713.44 -
2Q09 $328,324.81 458 $716.87 -
3Q09 $333,502.30 463 $720.31 -
4Q09 $338,721.94 468 $723.76 -
1Q 10 $343,666.70 472 $728.11 2.1%
2Q10 $348,696.47 477 $731.02 2.0%
3Q10 $353,027.03 481 $733.94 1.9%
4Q10 $358,098.58 485 $738.35 2.0%
1Q11 $361,754.88 488 $741.30 1.8%
2Q11 $367,654.15 493 $745.75 2.0%
3Q11 $372,305.01 497 $749.10 2.1%
4Q11 $377,253.00 501 $753.00 2.0%

4)=(2)/@3)
(5) = (4) / (Prior Year4) - 1.0

Changes in the quarterly average WP are used to determine the amount historical premium needs to be
adjusted for premium trend.

Note the premium used has been adjusted to the current rate level (if this is not done, the data will show
an abrupt change in the average written premium corresponding to the effective date of the rate change).
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Two methods for adjusting historical data for premium trend: one-step and two-step trending.

One-Step Trending

The trend factor adjusts historical premium to account for expected premium levels from distributional

shifts in premium writings.

The Process: Using the annual changes from the prior table, the actuary may select a trend factor of 2%

(the amount average premium is expected to change annually).

Next: Determine the trend period.

Assume: WP is used as the basis of the trend selection and EP for the overall rate level indications

Compute: The trend period as the length of time from the average written date of policies with premium
earned during the historical period to the average written date for policies that will be in effect
during the time the rates will be in effect.

* Some insurers determine the trend period as the average date of premium earned in the experience period to the
average date of premium earned in the projected period. This simply shifts both dates by the same amount, so the
trend period is the same length.

Example: Assume CY 2011 EP is being used to estimate the rate need for annual policies that are to be
in effect from 1/1/2013 — 12/31/2013.

The historical and projected periods can be represented as follows:

CY 11 PY 13
100%

Ié'

% of Policy

Term Expired

(P & 4 4 3 L .
T T ¥ t {
1/1/10 1/1/11 1/1/12 1/1/13 1/1/14 1/1/15

Historical period: CY 2011 EP contains premium from policies written 1/1/2010 to 12/31/2011.
Thus, the average written date for premium earned is 1/1/2011.
Projected period: Policies will be written from 1/1/2013 — 12/31/2013.
Thus, the average written date during the projected period is 6/30/2013.
Therefore, the trend period is 2.5 years (i.e. 1/1/2011 - 6/30/2013).
The adjustment to account for premium trend is: 1.0508 (= (1.0 + 0.02)*°).

Trend Period for 1-Step Trending

1/1/11 B30/13
Premium Trend Facior >

Fri e OV N _— Written Dates for
Written Dates for CY 11 Earned Preminim ‘ PY13 EP |

100% 2 cx il Y i3

Term Expired
2
\\

Yaof Policy

1/1/10 1/1/11 1/112 11713 171714 171415
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Items affecting the length of the trend period:
1. If the historical period consists of policies with terms other than 12 months, the “trend from” date will

be different than discussed above.
Example: If the policies in the prior example were six-month policies, then the “trend from” date is 4/1/2011.

The “trend to” date is unchanged.

Trend Period for 1-Step Trending with 6-Month Policies
4/1/11 630013

Premium Trend Factor

Written Dates for |

Written Dates for CY 11 Earned
PYIIEP

P remium

100% CY 11 PY 13

0%, K

% of Policy
Term Expired

2. If the historical premium is PY 2011 (rather than CY 2011) then the “trend from” date is later and
corresponds to the average written date for PY 2011 (i.e. 7/1/2011).

3. If the proposed rates are expected to be in effect for more or less than one year, then the “trend to”
date will be different (e.g. if the proposed rates are expected to be in effect for two years, then the “trend to”

date will be 12/31/2013).

One-step trending process is not appropriate to use when:
= changes in average premium vary significantly year-by-year and/or
historical changes in average premium are very different than the changes expected in the future.

Example: If the insurer forced all insureds to a higher deductible at their first renewal on or after
1/1/2011, the shift would have been completed by 12/31/2011, and the observed trend

would not continue into the future.
When situations like this occur, companies may use a two-step trending approach.
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Two-Step Trending
Two-step trending is used when the insurer expects premium trend to change over time.

Adjust the historical premium to the level present at the end of the historical period, and then apply a separate

adjustment to project premium into the future.
Two step trending may be used by a homeowners’ insurer that observes large increases in amount of
insurance during the experience period that are not expected to continue into the future.

Step 1: Adjust the historical premium to the current trend level using the following adjustment factor:
. Latest Average WP at Current Rate Level
Current Premium Trend Factor = ——— g
Historical Average EP at Current Rate Level

If average EP for CY 2011 is $740.00 and the average WP for the latest available quarter (Calendar
Quarter 4Q 2011) is $753.00, then the current premium trend factor is 1.0176 (= 753.00/740.00).

The latest average WP is for the fourth quarter of 2011; thus, the average written date is
11/15/2011 (this will be “trend from” date for the second step in the process).

If the average been based on the average WP for CY 2011 (as opposed to the fourth quarter), then the
average written date would have been 6/30/2011.

When average premium is volatile, select a current trend versus using the actual change in average premium.

The current trend factor is calculated by trending (1.0 + selected current trend) from the average written
date of premium earned in the experience period (i.e. 1/1/2011) to the average written date of the latest

period in the trend data (i.e. 11/15/2001).

Step 2: Compute the projected premium trend factor.
Select the amount the average premium is expected to change annually from the “trend from” date to the
projected period.
The “trend from” date is 11/15/2011.
The “trend to” date is the average written date during the period the proposed rates are to be in effect,
which is still 6/30/2013.
Thus, the projected trend period is 1.625 years long (11/15/2011 to 6/30/2013).
Given a projected annual premium trend of 2%, the projected trend factor is 1.0327 (= (1.0 + 0.02)"%).

Trend Period for 2-Step Trending

/111 11/15/11 6/30/13
Current Trend Factor Premium Trend Factor >

Written Dates for CY 11 Earned Premium wm;;?J?EE? for

. ¥
100% , CY 11 PY 13

50% ,e

%o of Policy
Term Expired

1
1/1/13 1/1/14 1/1/15
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The total premium trend factor for two-step trending is the product of the current trend factor and the
projected trend factor (i.e. 1.0509 (= 1.0176 x 1.0327)).

That number is applied to the average historical EP at current rate level to adjust it to the projected level:

CY11 EP at projected rate level = CY11 EP at current rate level x Current Trend Factor x Projected
Trend Factor.

Two-Step Trending

(1) CY 2011 Earned Premium at Current Rate Level $1,440,788
(2) CY 2011 Earned Exposures 1,947

(3) CY 2011 Average Earned Premium at Current Rate Level $740.00
(4) 4th Quarter of 2011 Average Written Premium at Current Rate Level ~ $753.00
(5)Step 1 Factor 1.0176

(6) Selected Projected Premium Trend 2.0%

(7) Projected Trend Period 1.6250

(8) Step 2 Factor 1.0327

(9) Total Premium Trend Factor 1.0509
(10) Projected Premium at Current Rate Level $1,514,124

GB)=(1)/(2)
(5)=(4)/(3)
(8)=(1.0+ (6))”
(9) = (5)x (8)
(10)= (1) x (9)

Appendices A-D provide realistic examples of ratemaking analysis, including the premium adjustments,
intended to reinforce the concepts covered in this chapter.

3 Key Concepts 88 - 88

1. Premium aggregation
a. Calendar year v. policy year
b. In-force v. written v. earned v. unearned premium

2. Premium at current rate level
a. Extension of exposures
b. Parallelogram method

3. Premium development

4. Exposure trend

5. Premium trend

a. One-step trending
b. Two-step trending
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The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner, G. and
Modlin, C. were numerous. While past CAS questions were drawn from prior syllabus
readings, the ones shown below remain relevant to the content covered in this chapter.

Section 1: Premium Aggregation — In General

Questions from the 1989 Exam:
43. (3 points) You are given the following data.
Personal Lines Automobile - State A
Rate level history:  +10% effective 7/1/86
+10% effective 7/1/88
Assume that exposures are uniformly distributed throughout the year.

Using the parallelogram method described in McClenahan's chapter on ratemaking (Study Note 16) and
"A Refined Model for Premium Adjustment" by Miller and Davis (note: the latter is no longer on the
syllabus), calculate the on-level factors needed to bring calendar year 1987 and 1988 earned premiums
to current rate level.

a. (1.5 points) Assume policies are annual (each policy has a 12 month term.)

b. (1.5 points) Assume policies are semiannual (each policy has a six month term.)

Questions from the 1991 exam

For the next three questions use the parallelogram method as described in Chapter 2 of the CAS textbook
Foundations of Casualty Actuarial Science and assume exposures are written uniformly throughout the year.
You are given the following data:

Effective Date Rate Change
7/1/88 +8.0%
1/1/89 +10.0 %
7/1/89 +50%
7/1/90 +2.0%
1/1/91 +2.0%

14. Assume all policies have a six month term. The on-level factor for calendar year 1989 earned premium is
in which of the following ranges?

A. <1.05 B. >1.05but<1.09 C. >21.09but<1.13 D.>1.13but<1.17 E.>1.17

15. Assume all policies have a six month term. The on-level factor for policy year 1989 earned premium is in
which of the following ranges?

A.<1.05 B. >1.05but<1.09 C.>1.09but<1.13 D. >1.13but<1.17 E.>1.17

16. Assume all policies have a twelve month term. The on-level factor for calendar year 1989 earned
premium is in which of the following ranges?

A.<1.05 B. >1.05but<1.09 C.>1.09but<1.13 D. >1.13but<1.17 E.>1.17
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Questions from the 1994 exam
1. An insurer writes the following policies during 1992:

Effective Policy

Date Term Premium
May 1 6 months $6,000
August 1 12 months $12,000
November 1 6 months $2,400

What is the insurer's unearned premium reserve on December 31, 19927
A. <$6,000 B.>$6,000 but <$7,000 C.>$7,000 but <$8,000 D.> $8,000, but < $9,000 E. > $9,000.
Questions from the 1996 exam

Question 30. (4 points) You are given:
Wisconsin Personal Automobile Bodily Injury

20/40 Basic Limits

Calendar/  Ultimate Rate Level History

Accident Loss & Written Earned Effective % Rate
Year ALAE Premium Premium Date Change
1992 325,000 750,000 375,000 1/1/91 +7.0%
1993 575,000 1,000,000 875,000 10/1/93 +5.0%
1994 800,000 1,250,000 1,125,000 7/1/94 +3.0%
Combined 1,700,000 3,000,000 2,375,000 1/1/95 +5.0%

» Target Loss and ALAE ratio 69.0%

* Countrywide 20/40 Indicated  +5.0%

* Proposed effective date 1/1/96

* The filed rate will remain in effect for one year.
« All policies are annual.

+ Annual 20/40 severity trend 5.0%

» Annual 20/40 frequency trend  -1.0%

« Statewide credibility 50.0%

Using the techniques described by McClenahan, chapter 2, "Ratemaking," Foundations of Casualty
Actuarial Science:

(a) (2 points) Calculate the on-level earned premium for the experience period 1992-1994.

Questions from the 1997 exam
19. You are given:

Effective Date Rate Change
4/1/94 +5.0%
7/1/95 +13.0%
4/1/96 -3.0%

+ All policies are 12 month policies.

« Policies are written uniformly throughout the year.

Using the parallelogram method described by McClenahan, "Ratemaking," chapter 2 of Foundations of
Casualty Actuarial Science, in what range does the on-level premium factor fall, to bring calendar year 1995
earned premium to current rate level?

A. <1.07 B. >1.07but<1.09 C. >1.09but<1.11 D. > 1.11but<1.13 E. >1.13
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Questions from the 1998 exam
41. (2 points)
You are given the following information for your company's private passenger automobile line of business.

Calendar Earned Overall Effective
Year Premium Rate Change Date
1994 $1,000 +5.0% 9/1/94
1995 $1,200 +10.0% 1/1/95
1996 $1,400 -5.0% 1/1/96

+15.0% 4/1/97

Assume all policies are semi-annual and that all months have the same number of days.

Using the parallelogram method as described in McClenahan, "Ratemaking," chapter 2 of Foundations of
Casualty Actuarial Science, compute the calendar year 1995 earned premium at present rates.

Questions from the 1999 exam

58. (2 points) Using the Loss Ratio method described in McClenanhan's "Ratemaking" chapter 2 of
Foundations of Casualty Actuarial Science, you have performed a rate review for your company's
Homeowners line of business which issues annual policies. You have calculated a Rate Level Adjustment
Factor (RLAF) of 1.080 for Calendar Year 1998 Earned Premium. The only rate change in the past few
years was one that you assumed to be effective 1/1/98. However, upon further review, you realize that the
effective date is incorrect and that the rate change was actually implemented effective 3/1/98.

Recalculate the RLAF using the 3/1/98 effective date. Assume that all months have an equal number
of days and that premium writings are evenly distributed through the year.

Questions from the 2000 exam

38. (4 points) Based on McClenahan, "Ratemaking," chapter 2 of Foundations of Casualty Actuarial Science,
and the following data, answer the questions below. Personal Automobile Liability Data:

Calendar Year 1997 Calendar Year 1998

No. of Autos Written on

Effective Date Effective Date

No. of Autos Written on

Effective Date Effective Date

January 1, 1997 100 January 1, 1998 900
April 1, 1997 300 April 1, 1998 1,100
July 1, 1997 500 July 1, 1998 1,300
October 1, 1997 700 October 1, 1998 1,500

Assume:

* All policies are twelve-month policies.

« Written premium per car during calendar year 1997 is $500.

* A uniform rate increase of 15% was introduced effective July 1, 1998.

a. (172 point)  Calculate the number of in-force exposures on January 1, 1998. (chapter 4)

b. (1 point) Calculate the number of earned exposures for calendar year 1998. (chapter 4)

c. (12 point)  List the two methods McClenahan describes that are used to adjust earned premiums to a
current rate level basis. (chapter 5)

d. (1 point) Which of the two methods listed in part c. above would be more appropriate to use for this
company's personal automobile liability business? Briefly explain why. (chapter 5)

e. (1 point) Using your selected method from part d. above, calculate the on-level earned premium for
calendar year 1998. (chapter 5)
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Questions from the 2000 exam

40. (4 points) Using the techniques described by McClenahan in "Ratemaking," chapter 2 of Foundations of
Casualty Actuarial Science, and the following data, answer the questions below.

You are given the following information for your company's homeowners business in a single state:

Calendar/ Ultimate Loss
Accident Year and ALAE Written Premium Earned Premium
1997 635,000 1,000,000 975,000
1998 595,000 1,050,000 1,000,000

Effective Date Rate Change

July 1, 1996 +4.0%

January 1, 1998 +1.8%

July 1, 1999 +3.0%

Target Loss and ALAE Ratio 0.670

Proposed effective date July 1, 2000

Effective period for rates One year

Credibility 0.60

Alternative indication 0.0%

Policy period Twelve months

Severity trend +3.0%

Frequency trend +1.0%

a. (1 1/2 points) Calculate the on-level factors for each of the two calendar years 1997 and 1998. (chapter 5)

b. (1 1/2 points) Calculate the trended projected ultimate on-level loss and ALAE ratio for the combined
experience period 1997-1998. (chapter 6)

c. (1 point) Calculate the credibility-weighted indicated rate level change. (chapter 8)

Questions from the 2001 exam

Question 38. (2 points) Using the parallelogram method described by McClenahan in “Ratemaking,”
chapter 2, Foundations of Casualty Actuarial Science, determine the calendar year 1999
on-level earned premium. Show all work.

Calendar Year Earned Premium Effective Date Rate Change
1997 $10,000 July 1, 1997 +5.2%
1998 $11,500 No Change No Change
1999 $14,000 April 1, 19999 +7.4%

e All policies are 2-year policies.
e Policies are written uniformly throughout the year.
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Questions from the 2002 exam

17. (4 points) Based on McClenahan, "Ratemaking," chapter 2 of Foundations of Casualty Actuarial
Science, and the following data, answer the questions below. Show all work.

Projected rates to be effective January 1, 2003 and in effect for 1 year.

Target loss and ALAE ratio is 65%.

Experience is from the accident period January 1, 2000 to June 30, 2001.
Developed accident period loss and ALAE is $21,500.

Annual trend factor is 3%.

All policies have one-year terms and are written uniformly throughout the year.
The rate on January 1, 1999 was $120 per exposure.

Effective Date Rate Change
January 1, 2000 +10%
January 1, 2001 -15%
Year Written Exposures
1998 200
1999 200
2000 200
2001 200

a. (1 point) Calculate the experience period trended developed loss and ALAE. (chapter 6)
b. (2 points) Calculate the experience period on-level earned premium. (chapter 5)
c. (1 point) Calculate the indicated statewide rate level change. (chapter 8)

Questions from the 2003 exam

10. A 12-month policy is written on March 1, 2002 for a premium of $900. As of December 31, 2002,
which of the following is true?

Calendar Year Calendar Year
2002 Written 2002 Earned Inforce
Premium Premium Premium
A. $900 $900 $900
B. $750 $750 $900
C. $900 $750 $750
D. $750 $750 $750
E. $900 $750 $900
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Questions from the 2005 exam:

38. (1.5 points) The parallelogram method is used to adjust calendar year 2003 earned premium to
current rate level. Given the following information, will the parallelogram method understate,
overstate, or accurately state the on-level factor applied to calendar year 2003 earned
premium? Explain your answer.

» There was a 10% rate increase effective on January 1, 2003.
* The written exposures grew 5% each month in 2003.

Questions from the 2006 exam:

28. (3 points) Company XYZ reduced rates 8% effective May 1, 2004, which was their first rate
change since January 1, 2000. Assume all policies have annual terms.

a. (1 point) Using the parallelogram method, calculate the 2005 on-level factor. Show all work.

b. (0.5 point) Assume that this change was for a boatowners line and that 50% of the policies are
written uniformly throughout May and June, with the other 50% written uniformly throughout the rest
of the year. Is the calculation above reasonable for this line? Explain.

c. (1.5 points) Based on the assumptions given in part b. above, calculate the 2005 on-level factor.
Show all work.

Questions from the 2007 exam:

34. (2.0 points) You are given the following information for four policies with annual policy terms:

Policy Effective Date Premium
A January 1, 2004 $1,200
B July 1, 2004 2,400
C November 1, 2004 3,600
D April 1, 2005 600

Based on these four policies, calculate:

a. (0.5 point) 2004 written premium.

b. (0.5 point) 2004 earned premium.

c. (0.5 point) 2004 policy year premium.

d. (0.5 point) Premium in-force as of March 31, 2005.
Show all work.

Questions from the 2008:

14. (2.5 points) Assume a -8% rate change was implemented effective March 1, 2005 and that all policies have

annual terms.

a. (1.0 point) Calculate the on-level factors for calendar years 2005 and 2006 earned premiums using the
parallelogram method.

b. (1.0 point) Calculate the on-level factors for policy years 2005 and 2006 earned premiums using the
parallelogram method.

c. (0.5 point) Briefly describe the extension of exposure method and briefly explain why it may be preferable
to the parallelogram method for determining on-level premiums.

Exam 5, Vla Page 98 © 2014 by All 10, Inc.



Chapter 5 — Premium
BAsiC RATEMAKING — WERNER, G. AND MODLIN, C.

Questions from the 2009 exam:
18. (2 points) The following is the premium associated with five annual policies, where premium is earned
uniformly throughout the year:

Policy Effective Date Premium
1 January 1, 2007 $750
2 April 1, 2007 $1,200
3 July 1, 2007 $900
4 October 1, 2007 $800
5 January 1, 2008 $850

a. (0.5 point) Calculate the total calendar year 2007 written premium.

b. (0.5 point) Calculate the total calendar year 2008 earned premium.

c. (0.5 point) Calculate the total policy year 2007 earned premium as of March 31, 2008.
d. (0.5 point) Calculate the total in-force premium as of July 1, 2008.

Questions from the 2011 exam:

4. (1.5 points) Company ABC began writing annual personal automobile policies on January 1, 2010,
using the following rating structure:

. Policy Premium = Base Rate x Class Factor + Policy Fee
+  Base Rate = $1,000
*  Policy Fee = $50

Class Class Factor
Teens 2.00
Adults 1.00

On July 1, 2010, the company increased the base rate to $1,100 and revised the class factor for adults to 0.90.
Company ABC writes 10 policies per quarter, each with an effective date of the beginning of the quarter.
The company writes an even distribution of teen and adult classes each quarter.

a. (1 point) Calculate the calendar year 2010 earned premium.

b. (0.5 point) Calculate the on-level factor that applies to the calendar year 2010 earned premium to
bring premiums to current rate level.

Questions from the 2012 exam:
4. (2 points) Explain whether the following statements are correct or incorrect.

a. (0.5 point) Calendar year 2011 written premium will be fixed (i.e. not change) at December 31, 2011.

b. (0.5 point) Calendar year 2011 earned premium will be fully earned (i.e. not change) at December 31,
2011.

(0.5 point) Policy year 2011 written premium will be fixed (i.e. not change) at December 31, 2011.
(0.5 point) Policy year 2011 earned premium will be fully earned (i.e. not change) at December 31, 2011.
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Questions from the 2012 exam:
5. (1 point)

a. (0.5 point) Discuss whether or not it is appropriate to perform a classification ratemaking analysis
using premiums adjusted with aggregate on-level factors.

b. (0.5 point) State one advantage and one disadvantage of the parallelogram method relative to the
extension of exposures method.
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Section 2: Premium Aggregation — For Workers’ Compensation

Questions from the 1994 exam

48. (3 points) Answer this question using the Feldblum Study Note Reading, "Workers Compensation
Ratemaking," and the information below.

The adjustments to rates that affect the experience period are shown below.
» Experience rate change of 10% on 7/1/92.
+ Law amendment change of 2% on 1/1/93.
» Experience rate change of 15% on 7/1/93.
+ Law amendment change of 3% on 1/1/94.

Premium writings are evenly distributed throughout the year.

(a) (1.5 points) What adjustment factor is needed to bring calendar year 1993 premiums to current level?
(Show a diagram representing the appropriate time periods.)

(b) (1.5 points) What adjustment factor is needed to bring policy year 1993 premiums to current level?
(Show a diagram representing the appropriate time periods.)

Questions from the 1996 exam
Question 36. (3 points)

Rate Implementation

Change Date Type of Change
+8% 5/1/94 Experience
+15% 7/1/95 Law Amendment
-10% 7/1/95 Experience
+5% 4/1/96 Experience

* Policies are written uniformly throughout the year.

According to Feldblum, "Workers' Compensation Ratemaking:"
(a) (2 points) Calculate the premium adjustment factor to bring policy year 1995 premium to current rate level.

(b) (1 point) How are experience rate changes and law amendment rate changes different in their
purpose and their effect?

Questions from the 1997 exam
12. You are given:

* Full estimated policy premium is booked at inception.

» Premium develops upward by 7% at final audit, six months after the policy expires.
* All policies are written for an annual period.

* Premium is written uniformly throughout the year.

Based on Feldblum, "Workers' Compensation Ratemaking," in what range does the policy year premium
development factor fall for 24 to 36 months?

A. <1.01 B. >1.01but<1.02 C. >1.02but<1.03 D. > 1.03 but<1.04 E.>1.04
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Questions from the 1999 exam
37. (2 points) Based on Feldblum, 'Workers' Compensation Ratemaking," answer the following.

a. (1 point) Using the information shown below, calculate the policy year premium development factor from 24 to
36 months.

e Initial estimates of policy year premium are $1 million per month from January through June and
$1.1 million per month for the remainder of 1 year.

¢ Final audit occurs six months after policy expiration.
e Premium develops upward by 20% at the final audit.
e All policies are annual.

b. (1 point) Feldblum states that while development factors are necessary for policy year data, premium
development factors may not need to be applied to calendar year premiums. Explain why.

Questions from the 2001 exam
Question 15. Based on Feldblum, “Workers’ Compensation Ratemaking,” and the following information,
compute the policy year reported premium development factor from 12 to 24 months.

e Final audit occurs 3 months after policy expiration.

e On average, audits result in 15% additional premium.
e Premium writings are even throughout the year.

¢ All policies are annual.

A. <1.050 B. >1.050but<1.075 C. >1.075but<1.100 D. >1.100 but<1.125 E. >1.125

Question 47. (3 points) Feldblum, “Workers’ Compensation Ratemaking,” describes three different types
of experience periods by which insurance data is compiled.

a. (1% points) Describe how premiums and losses are compiled under each of the three experience periods:
o Policy Year
e Calendar Year
e Calendar/Accident Year

b. (12 points) State one advantage and one disadvantage associated with each type of experience period.
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Questions from the 2002 exam

27. (6 points) Based on Feldblum, "Workers' Compensation Ratemaking," and the information shown
below, answer the following questions. Show all work.

» Through the use of deviations and schedule rating, your company has been charging 25% below its
manual rates for workers compensation.

+ Policy year 2000 earned premium as of December 31, 2001 = $90 million.

« Policy year 2000 reported loss as of December 31, 2001 = $40 million.

» Written premium is distributed uniformly by month.

* Policy term is 12 months.

+ Policy audits occur 6 months after expiration and produce a 10% increase in premium.
» The following rate changes have been implemented:

Date Amount
July 1, 1999 - 6.0%
July 1, 2000 +10.0%
July 1, 2001 + 7.0%

» There was a 5% increase in the benefit levels effective January 1, 2001. There was no rate change
to account for this.

* Loss development factor = 1.80.

* Annual loss trend = 8%.

* Annual wage trend = 4%.

* The effective date for this analysis is July 1, 2002.

» Rates will be effective for a period of one year.

+ Loss adjustment expense = 20% of loss.

* The target loss and loss adjustment expense ratio is 72%.

a. (2 points) What is the policy year 2000 earned premium after all appropriate adjustments for
premium development, current rate level, premium trend, and benefit changes? (chapter 5)

b. (2 points) What are the policy year 2000 losses after the appropriate adjustments for loss development, loss
trend, and benefit changes? (see chapter 6, but will be computed in this chapter)

c. (2 point) What is the projected loss and loss adjustment expense ratio for policy year 20007?
(See chapter 6), but this will be computed in this chapter)

d. (Y2 point) What is the indicated rate change based on experience from policy year 2000?
(See chapter 8 for the computations needed to answer this question)

e. (1 point) What should the ratio of charged to manual premium be in order to produce the target
loss and loss adjustment expense ratio? (See chapter 8)
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Questions from the 2003 exam

33. (2 points) Using the information shown below, calculate the factor needed to adjust policy year 2002
written premium to current level. Show all work.

* Policies are written uniformly throughout the year and have a term of 12 months.
» The law amendment change affects all policies in force.
Assume the following rate changes:
» Law amendment change on July 1, 2002 = +10%
» Experience rate change on October 1, 2002 = +5%
» Experience rate change on January 1, 2003 = +7%

Questions from the 2004 exam

11. Given the following data, calculate the policy year 2001 premium development factor from 24 to 36 months.
«  Full estimated policy year premium is booked at inception, $10 million a month in 2001.
*  Premium develops upward by 5% at the final audit, three months after the policy expires.
* All policies are annual.
A. <1.010 B. >1.010 but<1.015 C. >1.015but<1.020 D. > 1.020 but <1.025 E. > 1.025

31. (4 points) Given the following information, answer the questions below. Show all work.
* Policies are written uniformly throughout the year.
* Polices have a term of 12 months.
* The law amendment change affects all policies in force.

Assume the following rate changes:

» Experience rate change on October 1, 2001 =+7%
* Experience rate change on July 1, 2002 =+10%
+ Law amendment change on July 1, 2003 = -5%

a. (2 points) Calculate the factor needed to adjust calendar year 2002 earned premium to current level.
b. (2 points) Calculate the factor needed to adjust policy year 2002 earned premium to current level.
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Questions from the 2007 exam

37. (2.0 points) Assume the following information about a worker's compensation insurer:
= All policies are annual.
= April 1, 2004: The company implemented a 10% experience rate change.

= October 1, 2004: The company implemented a 5% rate change due to a law change that
impacted all in-force policies.

a. (1.0 point) Draw the diagram underlying the calculation of the current rate level factor used to adjust
policy year 2004 premium to current rate level.

= Label the starting and ending dates of the historical period.

= Label the rate change and law change.

= Calculate the relative rate level of each area and label the diagram.
= Do not calculate the percentage each area represents of the year.

b. (1.0 point) Draw the diagram underlying the calculation of the current rate level factor used to adjust
calendar year 2004 earned premium to current rate level.

= Label the starting and ending, dates of the historical period.

= Label the rate change and law change.

= Calculate the relative rate level of each area and label the diagram.
= Do not calculate the percentage each area represents of the year.
Show all work.

Questions from the 2009 exam
19. (2.5 points) Given the following information:
» All policies are semi-annual.
+ A +5% rate change was implemented effective October 1, 2007.
* A benefit change of +10% was enacted affecting premium on all outstanding policies on July 1, 2008.

a. (0.75 point) Draw and label a diagram of the parallelogram method for calendar year 2008 earned
premium.

b. (1.25 points) Calculate the on-level factor for calendar year 2008 earned premium.

c. (0.5 point) Explain why the parallelogram method may not be appropriate for calculating on-level
factors for snowmobile insurance.

Questions from the 2010 exam
19. (3 points) Given the following information for Company XYZ book of business in State X:
+ Al policies are semi-annual.

* Alaw change is effective on July 1, 2008 and applies to all in-force and future policies.
The estimated overall premium impact of the law change is +10%.

* A 5% overall rate increase is implemented on October 1, 2008.
« 2008 calendar year earned premium is $1,000,000.

a. (1 point) Draw and fully label a diagram for calendar year 2008 earned premium reflecting the parallelogram
method.

b. (1 point) Calculate the on-level factor for calendar year 2008 earned premium.

c. (1 point) Draw and fully label a diagram for policy year 2008 earned premium reflecting the parallelogram
method.
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Section 3: Premium Aggregation — Using the One and Two Step Procedures

Questions from the 2003 exam
11. Given the information below, determine the written premium trend period.

» Experience period is April 1, 2001 to March 31, 2002
» Planned effective date is April 1, 2003

» Policies have a 6-month term

» Rates are reviewed every 18 months

+ Historical premium is earned premium

A. <1.8 years B. > 1.8 years, but < 2.1 years C. > 2.1 years, but < 2.4 years
D. > 2.4 years, but < 2.7 years E. > 2.7 years

Questions from the 2004 exam:

35. (3 points) You are given the following information. Using a two-step trending procedure as described in
Jones, "An Introduction to Premium Trend," answer the questions below. Show all work.

* The experience period is January 1, 2001 through December 31, 2003.

» Planned effective date is July 1, 2005.

* Rates are reviewed annually.

* Policies have a 6-month term.

* The trend will apply to calendar-accident year 2002 earned premium at current rate level.

a. (1 point) Calculate the beginning and ending dates for each of the Step 1 and Step 2 trend periods,
assuming the selected trend is based on average written premium.

b. (1 point) Calculate the beginning and ending dates for each of the Step 1 and Step 2 trend periods,
assuming the selected trend is based on average earned premium.

c. (1 point) Describe a situation when it may be more appropriate to use a two-step trending procedure,
rather than a one-step trending procedure.
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Questions from the 2005 exam:
37. (4 points)
Given the information below, answer the following questions. Show all work.

Calendar/Accident Year Average Written Premium
2002 $1,000.00
2003 $933.33
2004 $882.00

» The planned effective date for a rate change is January 1, 2006.

* Rates are reviewed every 18 months.

+ All policies are annual, and are written uniformly throughout the year.

A 20% rate decrease was implemented effective July 1, 2003.

* A separate analysis has determined that a shift in the limit distribution from 2002-2004 has
resulted in a +3% annual premium trend. This shift is not expected to continue past 2004.

a. (3.5 points) Using two-step trending, determine the total premium trend factors for each year
above.

b. (0.5 point) Why is two-step trending a more suitable procedure for trending premium than for
trending loss frequency or severity?

Questions from the 2006 exam:
26. (3.5 points) As the actuary for Company XYZ, you are performing a physical damage rate review
for State X. Use the following information to answer the questions below.
" Experience period consists of calendar year premium for 2002 through 2004.
" Current level earned premium for calendar year 2002 is $42,500,000.
" Planned effective date of rate revision is June 1, 2006.
=  Anticipate annual rate revisions every 12 months.
Each year, insureds purchase newer, more expensive vehicles, resulting in upward premium drift.
Historically, the premium drift has averaged 5% through 2004. However, given current trends and

expectations regarding future car sales, the insurer expects a 3% premium drift in the future.
The insurer uses exponential premium trend.

a. (1.5 points) Assume all policies have a six-month term. Use 2-step trending with average written
premium to calculate the trended premium for calendar year 2002. Show all work.

b. (1.5 points) Assume all policies have an annual term. Use 2-step trending with average written
premium to calculate the trended premium for calendar year 2002. Show all work.

c. (0.5 point) Explain one advantage of using 2-step trending in this example over 1-step trending.

27. (1 point)
a. (0.5 point) Explain why using average premiums is better than total premiums when analyzing
premium trend.
b. (0.5 point) Give one argument for using average earned premiums in the premium trend analysis
and one argument for using average written premiums.
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Questions from the 2007 exam:

36. (3.0 points) You are given the following information:
= All policies are annual.
= The future policy period begins January 1, 2007.
= The future annual premium trend is 3% per year.
= The proposed rates will be in effect for one year.

Calendar Earned Average Written Average Earned
Year Exposures Premium Premium
At Current Rate Level At Current Rate Level
2003 1.000 $3,777 $3,605
2004 1,050 3,688 3,749
2005 1,100 3,998 3,899

Calculate the trended premium for each year, using the two-step trending method. Show all work.

Questions from the 2008 exam:

15. (2.0 points)
a. (0.75 point) Question no longer applicable to the content covered in this chapter.
b. (1.25 points) You are given the following information.

Average Earned Average Written
Accident  Premium at Current Premium at Current
Year Rate Level Rate Level
2004 $98 $100
2005 $102 $104
2006 $106 $108
2007 $110 $112

= The projected premium trend is 4%.

= The proposed effective date of new rates is January 1, 2009.
= The proposed rates will remain in effect for one year.

= All policies are semi-annual.

Calculate the premium trend factor needed to project 2006 calendar/accident year earned premium to
prospective rate levels, using the two-step trending procedure.
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Questions from the 2010 exam:
18. (2 points) Given the following information:

On-Level On-Level

Calendar Earned Written Earned Written
Year Exposures Exposures Premium Premium
2008 1,000 1,100 $ 487,500 $ 550,000
2009 1,200 1,300 $ 615,000 $ 682,500

. All policies are annual.
. Proposed effective date is January 1, 2011.
. Rates are expected to be in effect for one year.
. Projected premium trend is 5%.
Calculate the calendar year 2008 earned premium at prospective levels using two-step trending.

Questions from the 2011 exam:
5. (2.25 points) Given the following information:

. Policy term: six months
. Proposed rates in effect: January 1, 2012, to June 30, 2013
. Selected projected premium trend: 5%

Calendar  Average Earned Premium  Average Written Premium
Year at Current Rate Level at Current Rate Level
2009 $375 $380
2010 $390 $395

a. (2 points) Calculate the total premium trend factor for each of calendar years 2009 and 2010 using

two-step trending.

b. (0.25 point) Briefly discuss when it is appropriate to use two-step trending.

Questions from the 2012 exam:
6. (2 points) Given the following information for a Homeowners company:

e The 4th Calendar Quarter of 2011 (4Q11) Average Written Premium is $560.
e The proposed effective date of the next rate change is July 1, 2012.

e Assume a +5% prospective annual premium trend.
¢ Rate review is performed every 2 years.

Calendar Year Ending

Earned Exposures (House-Years)

Earned Premium at Current Rates

December 31, 2009 10,000 $5,000,000
December 31, 2010 10,000 $5,250,000
December 31, 2011 10,000 $5,512,500

a. (1 point) Use the two-step trending method to calculate the projected earned premium for the
calendar year ending December 31, 2009.

b. (1 point) After completing the analysis, the actuary determines that the assumed annual increase in

the amount of insurance to account for inflation was materially reduced post-January 1, 2012.
Discuss any necessary adjustments to the completed analysis in part a. above
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The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner, G.
and Modlin, C. were numerous. While past CAS questions were drawn from prior syllabus
readings, the ones shown below remain relevant to the content covered in this chapter.

Section 1: Premium Aggregation — In General

Solutions to questions from the 1989 Exam:
Question 43.

Step 1: Draw a unit square for each calendar year and diagonal lines at points in time representing historical
rate changes.

Step 2: Calculate the numerator of the on-level factor. This is the product of all rate changes.

Step 3: Calculate the average rate level factor for each calendar year. This is a weighted average of the rate
level factors in each calendar year. The weights will be relative proportions of each square. First
calculate the area of all triangles (area = .5*base*height) within a unit square and then determine the
remaining proportion of the square by subtracting the sum of the areas of the triangles from 1.0.

Step 4: Divide the result of step 1 by the result of step 3:

1.0 10 10
50 /
7/86 1987 7/88 1989
On- Level Factor
a. Assuming annual policies: CY 1987: 1111 _ 12l =1.112
.125%(1)+.875(1.1) 1.0875
CY 1988 L1 121 ) e
875%(1.1)+.125(1.21) 1.11375
b. Assuming semi-annual policies: CY 1987: 1'3'1:%: .
CY 1988 L1 121 ) g

T75%(1.1)+.25(1.21) 1.1275
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Solutions to questions from the 1991 exam
Note: View the earning of CY EP using a unit square. View the earning of PY EP using a parallelogram.
Compute on-level factors as follows: [Current rate level factor / average rate level factor (during the
period in question).
Rate Changes

+0.08 +0.10 +.05 +.02 +.02
1.0 1.00
% of 1.08 1272
Exposure 1.188 /4 1.298
0.0 1988 1989 1990 1991
Step 1: Current rate level factor=1.08 * 1.10 * 1.05 * 1.02 * 1.02 = 1.298. This is the numerator for each on-

level factor.

Step 2: Calculate the denominators for each on-level factor. The denominators are the average rate level
factor for each calendar/ policy year. This is a weighted average of the rate level factors in each
calendar / policy year. The weights will be relative proportions of each square / parallelogram. First
calculate the area of all triangles (area = .5*base*height) within a unit square / parallelogram and
then determine the remaining proportion of the square by subtracting the sum of the areas of the
triangles from 1.0.

Question Average rate level factor On-level factor Answer
14 .25(1.08)+.50%(1.188)+.25*(1.247) = 1.176. 1.298/1.176 = 1.104 C
15 .50(1.188)+.50%(1.247) = 1.218 1.298/1.218 = 1.066 B
16 .125(1.00)+.375%(1.08)+.375*(1.188)+.125(1.247) = 1.131 1.298/1.131 = 1.147 D

Solutions to questions from the 1994 exam

Question 1.

The premium for the policy effective 5/1 is fully earned by 11/1/92. There is no unearned premium at 12/31/92.
5/12 ths of the premium for the policy effective 8/1 is earned by 12/31/92.
The unearned premium is = (7/12) * $12,000 = $7,000.

2/6 ths of the premium for the policy effective 11/1 is earned by 12/31/92.
The unearned premium is = (4/6) * $2,400 = $1,600.

Thus, the total unearned premium = $7,000 + 1,600 = 8,600. Answer D.
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Solutions to questions from the 1996 exam

Question 30

(a) To calculate the on-level earned premium for the experience period 1992-1994, CY on-level factors must be
computed first.

1.05 g
1.00
1.00 1.00 / 1.0
1.05 1.136
yd ] 1.082
1/91 1/92 1/93 1/94 1/95
(i) The rate change in 1991 is not relevant to the calculation.
(i) Calculate the numerator of the on-level factor. This is equal to (1.05)(1.03)(1.05) = 1.136
(iii) Calculate the average rate level factor for the calendar year. This is a weighted average of the rate

level factors in the calendar year. The weights will be relative proportions of the square. First
calculate the area of all triangles (area = .5*base*height) within a unit square and then determine the
remaining proportion of the square by subtracting the sum of the areas of the triangles from 1.0.

(iv) For CY 1992, the average rate level factor = 1.00. The on-level factor = 1.136 / 1.00 = 1.136.

(V) For CY 1993, the average rate level factor = (1/2)(.25)(.25)*1.05 + (1.0 - .0325)*1.00 = 1.002.
The on-level factor = 1.136 / 1.002 = 1.134

(vi) For CY 1994, the average rate level factor = (1/2)(.75)(.75)*1.00 + (1/2)(.5)(.5)*1.082+ (1.0 -
.40625)*1.05 = 1.04 The on-level factor = 1.136 / 1.04 = 1.092

(vii) Thus, the on-level premium is computed Onlevel  Onlevel
as CY EP factor EP
1992 375,000 1.1355 425,812
1993 875,000 1.1337 991,987
1994 1,125,000 1.0920 1,228,500
Total 2,646,299

Solutions to questions from the 1997 exam
Question 19.

(a) To facilitate the calculation of CY on-level factors, setup a diagram similar to the one below:
+0.05 S0 -0.03

105" 1211265 |

! ; 1.1355'[|1-.uz]=1.150905
1/94  an 1495 7 1796 an 1497

Calculate the numerator of the on-level factor. This is equal to (1.05)*(1.13)*(1-.03) = 1.150905.
Calculate the average rate level factor for the calendar year. This is a weighted average of the rate level
factors in the calendar year. The weights will be relative proportions of the square.

First calculate the area of all triangles (area = .50 * base * height) within a unit square and then determine the
remaining proportion of the square by subtracting the sum of the areas of the triangles from 1.0.

For CY 1995, the average rate level factor = (1/2)(3/12)(3/12)*1.0 + (1/2)(1/2)(1/2)*1.1865+ (1.0 - .15625)*1.05
=.03125 + .1483125 + .8859375 = 1.0655

The on-level factor = 1.150905 / 1.0655 = 1.0801549. Answer B.
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Solutions to questions from the 1998 exam
Question 41.
Note: View the earning of CY EP using a unit square. View the earning of PY EP using a parallelogram.

Compute on-level factors as follows: [Current rate level factor / average rate level factor (during the
period in question).

Rate Changes
+0.05 +.10 -0.05 0.15
0.5 : 0.25
0
9/1/94 1/1/95 1/1/96 1/1/97

Step 1: Current rate level factor =1.05 * 1.10 * .95 * 1.15 = 1.262. This is the numerator for each on-level
factor.

Step 2: Calculate the denominators for each on-level factor. The denominators are the average rate level factor
for each calendar/ policy year. This is a weighted average of the rate level factors in each calendar /
policy year. The weights will be relative proportions of each square / parallelogram. Note: It may be
convenient to think of CY 95 with a base of 12 units and a height of 6 units. To compute the relative
proportion of the unit square, calculate the areas of as many triangles as possible, and then compute the
remaining area by subtracting the sum of the areas of the two triangles from 1.0.

Shape Area Rate Level
Dotted Triangle (1/2) * (2/12) * (2/6) = .028 1.0

Bold Triangle (1/2) * (6/12) * (6/6) = .25

Difference .25-.028 = .222 1.05
Remainder 1-.028-.222=.75 1.155

Step 3: Compute EP at present rates by multiplying EP by the CY on-level factor.
a. The weighted rate level for 1995 is 1.0 * (.028) + 1.05 * (.222) +1.155 * (.75) = 1.127
b. The 1995 CY on-level factoris 1.262/1.127 = 1.120
c. CY 1995 On-Level EP = $1,200 * 1.120 = $1,344

Quicker Solution:

The dotted line refers to the 6 month term.
1.05 Focus on only the 1995 square.

11155 As above, numerator is 1.00 * 1.05* 1.155 = 1.262

Note that small area is 2 * 2/12 * 4/12 = 1/36
9/1 1/1 1995 Denominator is 1.155(.75) + 1.00(1/36) * 1.05 (1-0.75-1/36) = 1.127
1.262/1.127 = 1.12 (on-level factor for 1995)

1.00

1.12 * 1200 = 1,344.
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Solutions to questions from the 1999 exam:
Question 58. Given:
= The Company issues annual policies, calculated an RLAF of 1.080 for CY 1998 earned premium

= |t was assumed that the only rate change that took place in the last few years was effective 1/1/98, but
it was later determined that it was actually effective 3/1/98.

= |tis assumed that all months have an equal number of days and that premium writings are evenly
distributed through the year.

Step 1: Based on the given information, construct a diagram similar to the one below:
To recalculate the RLAF using the 3/1/98 effective date, first calculate the rate change at 1/1/98.

X%
1.00 -7
P 7~
_ ~
1+)§ 7
-~
1/97 1/98 3/1 1/99

Current Rate Level Factor
Avg Rate Level Factor

(during the period in question) RLAF=

Since we are assuming only one rate change effective 1/1/98, the current rate level factor is 1+X.

The average rate level factor for the calendar year is the weighted average of the rate level factors in the
calendar year. The weights will be relative proportions of the square. Solve for X.

Thus, 1.08= L X | 54+ 54(1+X)= (14X). .08 = 46X; X = .174
[(.50*1.00)+(.50*1+ X )]
Step 2: To recalculate the RLAF using the 3/1/98 effective date, re-compute the average rate level factor.
RLAF — 1.174 _ 1174 11071
[.50(.10/12)(.10/12)*1.174+(1.0-.50(10/12)(10/12))*1.00] 1.0604
Solutions to questions from the 2000 exam:
Question 38.
c. List two methods used to adjust earned premiums to a current rate level basis.
1. Extension of The best method. Re-rate each policy using current rates.
Exposure:
2. Parallelogram: a. Assumes exposures are uniformly written over the Calendar Year (CY)

b. Each CY of EP is viewed as a unit square, 1 year wide, 100% of
exposure high.

d. The more appropriate method to use for this company's personal automobile liability business would be the
extension of exposures method. The company's writings show an increasing trend in written exposures which
violates the parallelogram method's assumption that exposures are uniformly written over the calendar year.

e. Using your selected method from part d. above, calculate the on-level earned premium for calendar year 1998.
When using the extension of exposure technique, on-level earned premium equals current rate per unit of
exposure * number of earned exposures. In this example:

the current rate per unit of exposures is $500 * 1.15 = $575
the number of earned exposures in 1998 = 3,600
Thus, on-level earned premium for calendar year 1998 equals $575 * 3,600 = $2,070,000
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Solutions to questions from the 2000 exam:
Question 40.
a. Calculate the on-level factors for each of the two calendar years 1997 and 1998.

Step 1: Draw a unit square for each calendar year and diagonal lines at points in time representing historical
rate changes.

Step 2: Calculate the numerator of the on-level factor. This is the product of all rate changes.

Step 3: Calculate the average rate level factor for each calendar year. This is a weighted average of the rate
level factors in each calendar year. The weights will be relative proportions of each square. First
calculate the area of all triangles (area = .50 * base * height) within a unit square and then determine
the remaining proportion of the square by subtracting the sum of the areas of the triangles from 1.0.

Step 4: Divide the result of step 1 by the result of step 3:
Rate Changes

+0.04 +0.018 +0.03
|1.00*1.04=1.04 1.04*1.018=1.0587
1.0587*1.03=1.0905
7/1/96 1/1/97 1/1/98 7/1/99

On-level factor for CY 1997:
1.04*1.018*1.03 ~1.0905

(1/2)*(6/12)*(6/12)*(1) + (1.0-36/288)*(1.04) 1.035
On-level factor for CY 1997 equals 1.0536 * 975,000 = 1,027,260

=1.0536

On-level factor for CY 1998:
*
1.04*1.018*1.03 _1.0905_1.0392

(1/2)*(12/12)*(12/12)*(1.04)+(1/2)*(1)*(1)*(1.0587) 1.0494
On-level factor for CY 1998 equals 1.0392 * 1,000,000 = 1,039,200

Quicker Solution:
Numerator is 1.04 * 1.018 * 1.03 = 1.0905
1997 Denominator : (1/8) 1.00 + (7/8) 1.04 = 1.035 On-level factor = 1.0905/1.035 = 1.054
1998 Denominator: (1/2) 1.04 + (1/2) 1.0587 = 1.049 On-level factor = 1.0905/1.049 = 1.039
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Solutions to questions from the 2001 exam:

Question 38. (2 points) Using the parallelogram method described by McClenahan in “Ratemaking,”
determine the calendar year 1999 on-level earned premium. Show all work.

Step 1: Draw a rectangle (normally a unit square if 1-year policies were issued) for each calendar year and

diagonal lines at points in time representing historical rate changes.

Step 2: Calculate the numerator of the on-level factor. This is the product of all rate changes.

Step 3: Calculate the average rate level factor for calendar year 1999. This is a weighted average of the rate
level factors in calendar year 1999. The weights will be relative proportions of each rectangle. First
calculate the area of all triangles (area = .5 * base * height) within a unit rectangle and then
determine the remaining proportion of the rectangle by subtracting the sum of the areas of the
triangles from 1.0. Note: Since 2-year policies are issued, the ratio of the height to the base is 2:1.

Step 4: Divide the result of step 1 by the result of step 3:
Rate Changes

+0.052 +0.074
’ 1.004 -
1.052] .
o 1 - R 1,052 * 1.074
0 “““' “"““
711197 1/1/1998 4/1/99 1/1/2000

Area of triangle: 1/2 * base * height

Rate level Area

1.00 1/2*6/12 * 6/24 = 0.0625
1.129848 1/2*9/12*9/24 = 0.140625
1.052 1.0 - 0625 - .140625 = 0.7968750

On-level factor for CY 1997:

1.052*1.074 ~1.129848
(1/2)%(6/12)*(6/24)*(1.0) + (1/2)*(9/12)*(9/24)*(1.129848)+(.796875)*(1.052) 1.0596974
On-level earned premium for CY 1999 equals 1.0661987 * $14,000 = $14,927

=1.0661987
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Solutions to questions from the 2002 exam:
Question 17.
b. (2 points) Calculate the experience period on-level earned premium.

Step 1: Draw a rectangle (normally a unit square for a calendar year if 1-year policies were issued) for each
period and diagonal lines at points in time representing historical rate changes.

+10% -15%
Rate Level: 1.00
50° b*h .50* b*h 3
. = . .50%6*12
501212 rea = (12*18) - (72 =36
=72 +36)
-1
Rate Level: 1.10 .935=1.1p*.85
1/1/2000 1/1/2001 6/30/200 1/1/2002
- A )
YO
No of Earned Exposures:200 100

Step 2: Calculate the rate level at various levels during the experience period. This is the product of all
rate changes at a given point in time (i.e. 1.00; 1.00 *1.10=1.10; 1.10 * .85 = .935).

Step 3: Calculate the on-level factor for the experience period. This is the current rate level divided by the
weighted average of the rate level factors in the experience period. The weights will be relative
proportions of each rectangle or triangle. First calculate the area of all triangles (area = .5 * base *
height) within a unit rectangle and then determine the remaining proportion of the rectangle by
subtracting the sum of the areas of the triangles from 1.0.

*A*A \* — —
AvgRateLevel Factor:(.SO*.I.Z"lZ)"’l.0+(.50 61221:35+(216 72 36)"’1.10:1.0529

Experience Period On-level Factor = .935/1.0529=.888
Step 4: Calculate the experience period on-level earned premium.

Experience Experience

Exposures Exposures Period Period
Writtten in Earned in Rate Earned Onlevel Earned
CYy Experience Period Level Rate Premium Factor Premium
1999 100 1.000 120 12,000 0.888 10,656
2000 100 1.100 120 13,200 0.888 11,722
2000 75 1.100 120 9,900 0.888 8,791
2001 25 0.935 120 2,805 0.888 2,491
37,905 33,660
Question 17.

Alternatively, on-level EP = Current Rate * Earned Exposures = ($120%1.1*.85) * (200+100) = 33,660.
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Solutions to questions from the 2003 exam:
10. A 12-month policy is written on March 1, 2002 for a premium of $900. As of December 31, 2002,
which of the following is true?

Step 1: Answering this question is best understood in terms of exposures
Written exposures are those units of exposures on policies written during the period in question,
Earned exposures are the exposure units actually exposed to loss during the period, and
Inforce exposures are those exposure units exposed to loss at a given point in time.....

Step 2: Based on the definitions in Step 1, only earned premium differs from written premium and inforce
premium and therefore needs to be computed.

Thus, earned premium at 12/31/02 equals $900 * 10/12 = $750. Answer E.

Solutions to questions from the 2005 exam:

38. (1.5 points) The parallelogram method is used to adjust calendar year 2003 earned premium to
current rate level. Given the following information, will the parallelogram method understate,
overstate, or accurately state the on-level factor applied to calendar year 2003 earned
premium? Explain your answer.

* There was a 10% rate increase effective on January 1, 2003.
* The written exposures grew 5% each month in 2003.

The parallelogram method assumes a uniform distribution of policies is written over an entire calendar year.
Using the parallelogram method, the on-level factor for CY 2003 is computed as

Current Rate Level 1.10 B

Average Rate Level .50%(1.0)+.50%(1.1)

However, if exposures are growing 5% each month, more weight should be given to the current rate level factor,
1.10.

For example, the on-level factor could be computed as 1.10 , where z is less than 50%.
z*(1.0)+(1-2)*(1.2)
This would produce a lower on-level factor compared to that produced by the traditional method.

Hence, the parallelogram method would overstate the on-level factor applied to CY 2003 premiums.

Exam 5, Vla Page 118 © 2014 by All 10, Inc.



Chapter 5 — Premium
BAsiC RATEMAKING — WERNER, G. AND MODLIN, C.

Solutions to questions from the 2006 exam:

28. (3 points) Company XYZ reduced rates 8% effective May 1, 2004, which was their first rate
change since January 1, 2000. Assume all policies have annual terms.
a. (1 point) Using the parallelogram method, calculate the 2005 on-level factor. Show all work.

b. (0.5 point) Assume that this change was for a boatowners line and that 50% of the policies are
written uniformly throughout May and June, with the other 50% written uniformly throughout the rest
of the year. Is the calculation above reasonable for this line? Explain.

c. (1.5 points) Based on the assumptions given in part b. above, calculate the 2005 on-level factor.
Show all work.

a. The parallelogram method assumes a uniform distribution of policies is written over an entire calendar year.

Step 1: Draw a unit square to represent a calendar year, since 1-year policies were issued, for each period
under consideration and draw diagonal lines at points in time representing historical rate changes.

Rate Change

-.08
% 1
of 1.00
Exposure
1.0%(1.0-.08)=.92
0 5/1 (Al

2004 2005

Step 2: Calculate the rate level at points in time when the rate level change during the experience period.
This is the product of all rate changes at a given point in time (i.e. 1.0; 1.0 * (1.0* -.08) = .92)
Step 3: Calculate the on-level factor for the experience period. This is the current rate level divided by the
weighted average of the rate level factors in the experience period. The weights will be relative
proportions of each square or triangle. First calculate the area of all triangles (area = .5 * base *
height) within a unit square and then determine the remaining proportion of the square by
subtracting the sum of the areas of the triangles from 1.0.
Current Rate Level Factor
Avg Rate Level Factor

OLF=

OLF— 92 ~ 92 _ 92 oo,
[.50(4/12)(4/12)*1.00+(1.0-[.50(4/12)(4/12)*1.00])*.92] [.0556*1.0+.9444*.92] .9244

b. No, the calculation is not reasonable because the parallelogram method assumes uniform distribution
of written policies throughout the year. Since 50% of the total policies written during CY 2004
occurred in May and June, more weight will be given to the current rate level in the calculation of the
average rate level factor for 2005, raising the on-level factor closer to 1.0.

c. Initial comments:

We must determine the % of policies written between January and April (inclusive 2004) and the proportion of
those policies, by month, earned in CY 2005 as a % of total policies earned in 2005.

Since 50% of the policies were written in May and June of 2004, and assuming uniform writings in all other
months, 50% policies of the remaining policies were written evenly throughout the remaining 10 months of CY
2004. This implies that on average, 5% of the total policies written during 2004 were written during each month,
other than during the months of May and June.
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Solutions to questions from the 2006 exam:
Question 28 (part c. continued):

Now, consider a policy year divided into twenty four equal parts, with the first month and the last month of
the policy year earning only 1/24 of the premium (earned premium is spread over thirteen months).

Thus, we assume that the average policy for each month was written in the middle of the month, such
that only 1/24th of the January 2004 policies were still unearned as of 1/1/2005, 3/24th of the February
2004 policies were still unearned as of 1/1/2005, 5/24th of the March 2004 policies were still unearned as
of 1/1/2005 and 7/24th of the April 2004 policies were still unearned as of 1/1/2005.

Therefore, the proportion of CY 2005 earned exposures from policies written in 2004 at a 1.00 rate level
can be computed as follows:

January 2004 policies: .05 * (1/24) = 0.0021
February 2004 policies: .05 * (3/24) = 0.0063
March 2004 policies: .05 * (5/24) = 0.0104
April 2004 policies: .05 *(7/24) = 0.0146
Total = 0.0021 + 0.0063 + 0.0104 + 0.0146 = 0.0334

Average Rate Level for 2005 = 0.0334(1.00) + .9666(0.92) = 0.9227
Current Rate Level = 0.92
On-level Factor for 2005 = 0.92/0.9227 = 0.9971
**Finally compare .9227 to .9244, which was computed in part a, and commented on in part b.**

Solutions to questions from the 2007 exam:

34. Calculate:
a. (0.5 point) 2004 written premium.
b. (0.5 point) 2004 earned premium.
c. (0.5 point) 2004 policy year premium.
d. (0.5 point) Premium in-force as of March 31, 2005.

Model Solution
a. WP includes all premium written during a calendar period. Thus, 2004 WP = 1,200+ 2,400 + 3,600 = 7,200

b. EP includes that portion of calendar year written premium which has been earned as of 12/31 of the calendar
year. 2004 EP = 1,200 + 2,400(1/2) + 3,600(1/6) = 3,000

c. PY premium includes all premium associated with policies issued during a given time period. Policy year data
is based upon the year in which the policy giving rise to exposures, premiums, claims and losses is effective.
Thus, 2004 PY Premium = 1,200 + 2,400 + 3,600 = 7,200

d. In-force premium includes the full-term premium for each policy that has not expired at a point in time.
All individual policy premiums are aggregated to arrive at a total in-force premium for the insurer.
Inforce Premium as of 3/31/05 = 2,400 + 3,600 = 6,000
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Solutions to questions from the 2008:
Model Solution - Question 14

14. (2.5 points) Assume a -8% rate change was implemented effective March 1, 2005 and that all policies have
annual terms.

a. (1.0 point) Calculate the on-level factors for calendar years 2005 and 2006 earned premiums using the
parallelogram method.

Initial comments. Note that the question fails to state whether policies are uniformly written throughout the policy
period. When computing on-level factors using the parallelogram method, such an assumption must be made.
Therefore if the question does not state that polices are uniformly written throughout the policy period, it is wise to
state that on your answer sheet prior to solving the problem.

a. Calculate the on-level factors for CYs 2005 and 2006 earned premiums using the parallelogram method.

Step 1: Draw a unit square to represent a calendar year, since 1-year policies were issued, for each period
under consideration and draw diagonal lines at points in time representing historical rate changes.

Rate Change
-.08
% 1
of 1.00
Exposure
1.0%(1.0-.08)=.92
0 31 11

2005 2006

Step 2: Calculate the rate level at points in time when the rate level change during the experience period.
This is the product of all rate changes at a given point in time (i.e. 1.0; 1.0 * (1.0* -.08) = .92)

Step 3: Calculate the on-level factor for the experience period. This is the current rate level divided by the
weighted average of the rate level factors in the experience period. The weights will be relative
proportions of each square or triangle. First calculate the area of all triangles (area = .5 * base *
height) within a unit square and then determine the remaining proportion of the square by
subtracting the sum of the areas of the triangles from 1.0.

Current Rate Level Factor

OLF=
Avg Rate Level Factor
CY 05 OLF= 92 = .92 =.9463
[.50(5/6)(5/6)*0.92+(1.0—[.50(5/6)(5/6)*1.00]] [.3194+.6528]
CY 06 OLF= .92 92 988

= [50(1/6)(1/6)*L.00+ (L0-[50(L/6)(1/6)~92]] [0139+.9072]
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Solutions to questions from the 2008 (continued):
Model Solution - Question 14 (continued):

b. (1.0 point) Calculate the on-level factors for policy years 2005 and 2006 earned premiums using the
parallelogram method.

Step 1: Draw a parallelogram to represent a policy year, since 1-year policies were issued. For PYs 2005
and 2006, draw diagonal lines at points in time representing historical rate changes.

Rate Change

-.08
% : G A
of 100" o2
Exposure o o 092
~ /092l 092
0 31 N
2005 2006

Step 2: Calculate the on-level factor for the experience periods. This is the current rate level divided by the
weighted average of the rate level factors in the experience period. Calculate the average rate level
factor for the policy year. This is a weighted average of the rate level factors in the policy year. The
weights will be relative proportions of the parallelogram.

Note for the period 1/1 — 3/1, the rate level factor is 1.0. The relative area of the parallelogram at a
1.0 rate level is 1.0 * (1/6)(1.0) = 1/6.

The remaining area of the parallelogram at a 0.92 rate level is .92 * [1.0 - (1/6)(1.0)] = .92 * (5/6) = .7667.

The average rate level factor for the policy year = (1/6)*1.0 + (5/6)*.92 =.9333

PY 050LF=— 92 _ 92 _ g5y
[.1667+.7667] .9334

Note: Upon review of the above diagram, the PY 2006 parallelogram shows a 0.92 rate level
throughout the entire policy period. Therefore:
PY 06 OLF =w=1.00

1*.92

c. (0.5 point) Briefly describe the extension of exposure method and briefly explain why it may be preferable to
the parallelogram method for determining on-level premiums.

Extension of exposure method re-rates each policy at current rate level. This may be preferable to the
parallelogram method since it does not require policies to be written uniformly throughout policy period.
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Solutions to questions from the 2009 exam:

Question#: 18
a. WP includes all premium written during a calendar period.
Thus, CY 2007 WP = 750 + 1,200 + 900 + 800 = $3,650

b. EP includes that portion of calendar year written premium which has been earned as of 12/31 of the calendar
year. CY 2008 EP = 1,200 (3/12) + 900 (6/12) + 800 (9/12) + 850 = 300 + 450 + 6 00 + 850 = $2,200

c. PY EP premium includes all premium associated with policies, issued during a given time period, as of a
given evaluation date. Thus, PY 2007 earned premium as of 3/31/08

=750 + 1,200+ 900 (9/12)+ 800(6/12) = 750 + 1,200+ 675 + 400 = $3,025

d. In-force premium includes the full-term premium for each policy that has not expired at a point in time.
All individual policy premiums are aggregated to arrive at a total in-force premium for the insurer.
In - force premium as of 7/1/08 = 800 + 850 = $1,650

Solutions to questions from the 2011 exam:
4a. (1 point) Calculate the calendar year 2010 earned premium.

4b. (0.5 point) Calculate the on-level factor that applies to the calendar year 2010 earned premium to
bring premiums to current rate level.

Question 4 — Model Solution 1
Givens: Policy Premium = Base Rate x Class Factor + Policy Fee; Base Rate = $1,000; Policy Fee = $50
Class Teens: Class factor = 2.00; Class Adults: Class factor = 1.00
ABC writes 10 policies per quarter, each with an effective date of the beginning of the quarter.
On 7/1, the company increased the base rate to $1,100 and revised the class factor for adults to 0.90.
The company writes an even distribution of teen and adult classes each quarter.
a. 10 pols issued per quarter equally = 5 adult and 5 teen policies issued each quarter
Quarter 1: Adult = 1000 * (1) + 50 = 1050; * 5 policies = 5,250
Teens = 1000 * (2) + 50 = 2050; * 5 policies = 10,250
Quarter 2: same as quarter 1
Quarter 3: Adult = 1100 * (.90) + 50 = 1040; * 5 policies = 5,200
Teens = 1100 * (2) + 50 = 2250; * 5 policies = 11,250
Quarter 4: same as quarter 3
2010 EP = (5,250 + 10,250) + (5,250 + 10,250) * .75 + (5200 + 11250) * .5 + (5200+11250) * .25
=15,500 + 11,625 + 8,225 + 4,112.50 = 39,462.50
b. EP for 2010 if all @ CRL = [Latest EP for Adult and Teens] * % earned per quarter
= (5200 + 11250)(1 + .75 + .5 + .25) = (16450)*(2.5) = 41,125
OLF = EP @CRL/CY 2010 EP = 41,125/39,462.5 = 1.0421286
Question 4 — Model Solution 2
a. Q1 EP: (1000 *2 +50) *5 + (1,000 * 1 + 50) * 5= 15,500
Q2 EP: 15,500 * 3/4 = 11625
Q3 EP: [(1,100*2 +50) *5 + (1,100 * .9 + 50) * 5] * 1/2 = 16,450 * 1/2 = 8,225
Q4 EP: 16450 * 1/4 =4112.5
2010 EP = 15,500 + 11,625 + 8,225 + 4,112.5 = 39,462.5
b.16450* (1 +%+ Y2+ V4)=41,125
On level factor = 41,125/ 39,462.5 = 1.042
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Solutions to questions from the 2012 exam:

4a
4b
4c
4d

. (0.5 point) Calendar year 2011 written premium will be fixed (i.e. not change) at December 31, 2011.

. (0.5 point) Calendar year 2011 earned premium will be fully earned (i.e. not change) at 12/31/ 2011.

. (0.5 point) Policy year 2011 written premium will be fixed (i.e. not change) at December 31, 2011.

. (0.5 point) Policy year 2011 earned premium will be fully earned (i.e. not change) at December 31, 2011.

Question 4 — Model Solution 1 (Exam 5A Question 4)
a. True, because calendar year written premium is based off of transactions that occur in that year.

For example, if a policy that was effective in 2011 is cancelled sometime in 2012 before expiration,
this would not impact calendar year 2011 written premium, but would be reflected in calendar year
2012 written premium.

b. True, because calendar year earned premium comes from policy transactions that are effective

before 1/1/2012. Similar to part (a), if a policy that was effective in 2011 is cancelled in 2012 (prior to
expiration), this would not impact CY 2011 Earned Premium, but would be reflected in CY 2012
Earned Premium.

c. False, because Policy Year 2011 written premium is based off all transactions for policies that

were effective in 2011. So, if a policy written in 2011 is cancelled in 2012 prior to expiration, this
would be reflected in PY 2011 written premium (it would not impact PY 2012 written premium).

d. False, because Policy Year 2011 earned premium accounts for all transactions for policies that

were effective in 2011 (regardless of transaction date). Same would hold true for Earned Prem as
holds true for written premium in the example from part (c).

Question 4 — Model Solution 2 (Exam 5A Question 4)
a. True — CY WP is fixed at year end.

CY WP includes all transactions in the calendar period.

b. True — CY EP is fixed at year end.

CY EP = CY WP + Starting UEPR — Ending UEPR. All these are fixed at year end.

c. False —PY11 WP is not fixed @ 12/31/2011.

Endorsements and audit premiums in CY2012 and (possibly) beyond will change WP.
d. False — PY11 EP cannot be fully earned at 12/31/2011.
A policy written 12/1/2011 is only 1/12 earned a/o 12/31/11.

Question 4 — Model Solution 3 (Exam 5A Question 4)
a. Yes. Includes new prem written + midterm adjustments during calendar year 2011.
b. True, calendar year earned premium is premium associated with coverage provided during

calendar year 2011.

c. Policy year 2011 written premium will not be fixed as of 12/31/2011, because any midterm changes

associated with policies effective during 2011, even if change happens in 2012 or later, should be
included. E.g. policy effective 7/1/2011, add a new vehicle on 4/1/2012, this contributes to PY 2011
written.

d. PY 2011 earned prem will not be fixed as of 12/31/11. This is the earned premium associate with all

policies with effective dates in 2011. If they are annual policies, all coverage has not been provided
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Solutions to questions from the 2012 exam:
Examiners Comments - Exam 5 Question 4 (Exam 5A Question 4)

a. Many candidates answered this correctly. However, some just repeated the question explaining that
calendar year 2011 written premium will be fixed at 12/31/11, which isn’t enough for the explanation.
There were also candidates who mentioned this includes premium written in 2011 and any
cancellations, which isn’t enough of an explanation as need to give some indication as to when
cancellation occurred to differentiate from policy year premium. Many candidates mentioned that any
transactions occurring for in 2012 will count towards calendar year 2012 written premium, which is
enough of an explanation.

b. Many candidates answered this correctly. However, some just repeated the question explaining that
calendar year 2011 earned premium will be fixed at 12/31/11, which isn’t enough for the explanation.
Some candidates mentioned what is earned afterwards in 2012 will go towards calendar year 2012
earned premium, which is enough of an explanation. Similar to a), occasionally a candidate would
explain that calendar year data is fixed, which is not enough of an explanation, because need to
indicate when it is fixed (i. e. at end of year).

c. Of all the parts, part c. was the one most frequently answered incorrectly. Many candidates answered
this correctly. However, there were also a significant amount of candidates who did not indicate when
the cancellation or midterm adjustment occurred, which is not enough of an explanation as it does not
differentiate from calendar year premium. Many times a candidate would say this part is correct
because it only includes premium written during the year, which receives 0 points. Occasionally a
candidate would say this is fixed at 12/31/12, which isn’t enough of an explanation to receive full credit
as it is not necessarily true (i.e. audits).

d. Many candidates answered this correctly. Some candidates said this was incorrect because any
cancellation or mid-term adjustments would change policy year 2011 earned premium, which is not
enough of an explanation to receive full credit as it does not differentiate from calendar year premium
(need to mention when cancellation or mid-term adjustment occurs).

Questions from the 2012 exam:

5a. (0.5 point) Discuss whether or not it is appropriate to perform a classification ratemaking analysis
using premiums adjusted with aggregate on-level factors.

5b. (0.5 point) State one advantage and one disadvantage of the parallelogram method relative to the
extension of exposures method.

Exam 5 Model Solution 1 — Part a (Exam 5A Question 5a)

No. If a rate change disproportionately effects a certain class more than others, the on-level factors will
vary by class. Therefore aggregate OLF should not be used.

Exam 5 Model Solution 2 — Part a (Exam 5A Question 5a)

It would be appropriate only if all classes have had the same rate change history. If not, then we need
rate change info for each class, so that the true rate adjustment for each class can be determined.

Examiner's Comments:

The answers to part (a) often lacked sufficient detail to demonstrate the candidates understanding of
why the aggregate on level factors may/may not be appropriate for class ratemaking.
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Questions from the 2012 exam:

5a. (0.5 point) Discuss whether or not it is appropriate to perform a classification ratemaking analysis
using premiums adjusted with aggregate on-level factors.

5b. (0.5 point) State one advantage and one disadvantage of the parallelogram method relative to the
extension of exposures method.

Exam 5 Model Solution 1 — Part b (Exam 5A Question 5b)

Advantage: Parallelogram method is much simpler + requires much less calculations +
computing power. It is much quicker to use.

Disadvantage: It assumes uniform premium writings throughout the year. When this assumption
does not hold, it is not accurate. Extension of exposures is more accurate.

Exam 5 Model Solution 2 — Part b (Exam 5A Question 5b)
Advantage: Easy to calculate.
Disadvantage: Not so accurate.

Exam 5 Model Solution 3 —Part b (Exam 5A Question 5b)
Parallelogram
Advantage: Does not require individual policies, only need aggregate data.

Disadvantage: If different classes have different rate changes over time, then applying aggregate on level
factors to aggregate premium will likely not produce the correct on-level premium.

Examiner’'s Comments
The maijority of the candidates answered part (b) of the question well.
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Section 2: Premium Aggregation — For Workers’ Compensation
Solutions to questions from the 1994 exam

(a) (1.5 points) What adjustment factor is needed to bring calendar year 1993 premiums to current level?
(Show a diagram representing the appropriate time periods.)

(b) (1.5 points) What adjustment factor is needed to bring policy year 1993 premiums to current level?
(Show a diagram representing the appropriate time periods.)

48.
+2% +10% +3% +15%

1.0 /

1/92 7/ 1/93 71 1/94

(a) Calculate the numerator of the on-level factor. This is equal to (1.02)(1.10)(1.15)(1.03) = 1.329.
Calculate the average rate level factor for the calendar year. This is a weighted average of the rate level
factors in the calendar year. The weights will be relative proportions of the square. First calculate the
area of all triangles (area = .5*base*height) within a unit square and then determine the remaining
proportion of the square by subtracting the sum of the areas of the triangles from 1.0.

The average rate level factor for the calendar year = (1/2)(.5)(.5)*1.02 + (1/2)*.5*.5*1.29 +
(1.0 - .25)*1.122 = 1.130.

The on-level factor = 1.329/1.130 = 1.176.

(b). Calculate the numerator of the on-level factor. This is equal to (1.02)(1.10)(1.15)(1.03) = 1.329.
Calculate the average rate level factor for the policy year. This is a weighted average of the rate level
factors in the policy year. The weights will be relative proportions of the parallelogram. First calculate
the area of all triangles (area = .5*base*height) within the parallelogram and then determine the remaining
proportion of the parallelogram by subtracting the sum of the areas of the triangles from 1.0.

The average rate level factor for the policy year = (1/2)(.5)(.5)*1.290 + (1/2)(.5)(.5)*1.156 +
(1.0 - (1/4))*1.122*.50 + (1.0 - (1/4))*1.329*.50 = 1.225.

+2% +10% +3% +15%
1.02//' 1 1@6,f"
T122 1" 1.32
-1.29
1/92 7/ - 1/93 711 1/94

The on-level factor = 1.329/ 1.225 = 1.085.
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Chapter 5 — Premium

Solutions to the questions from the 1996 exam

Question 36.

(a). The premium adjustment factor is also known as an on-level factor. The numerator of the on-level factor

considers rate changes which impact both PY 1995, represented by the parallelogram below, and rate
changes up and through the current level. The denominator of the on-level factor considers only those
rate changes which impact PY 1995.

Calculate the numerator of the on-level factor. This is equal to (1.0)(1.15)(.90)(1.05) =. 1.08675

Calculate the average rate level factor for the policy year. This is a weighted average of the rate level factors
in the policy year. The weights will be relative proportions of the parallelogram.

First calculate the area of all triangles (area = .50 * base * height) within the parallelogram and then determine
the remaining proportion of the parallelogram by subtracting the sum of the areas of the triangles from 1.0.

Notice the area of the parallelogram at the 1.035 level.
Its area is calculated as base * height = .50%1.0 = .50.

The average rate level factor for the policy year = (1/2)(.5)(.5)*1.0 + (1/2)(.5)(.5)*1.15
+.50%1.0*1.035 + (1.0 - .125 - .125 - .50)*1.15 = 1.07375.

+15%

.00

1/94 5/1

1/95

A

1/96

The on-level factor = 1.08675/ 1.07375 = 1.012.

(b) Experience rate changes are represented graphically as diagonal lines, and are computed to adjust current

rates for changes anticipated in projected experience level. These affect new and renewal policies only.

Law amendment changes are represented graphically as straight lines, and since they affect all policies in-

force at a given point in time. These changes adjust premiums for statutory modifications to benefits.
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Solutions to questions from the 1997 exam

Question 12. Assume that policy year 199X premium is being booked at $P per month.

Developed premium, due to final audits, is not known until 6 months after the policy expires.

At 12/31/9X+1, developed premium for only those policies issued during the 1st 6 months of PY 199X is known.
At 12/31/9X+2, developed premium for all policies issued during PY 199X is known.

12/31/9X
12/31/9X+1
12/31/9X+2

Evaluation Date

Reported Premium for polices issued during the
1st 6 months of PY 199X  Last 6 months of PY 199X

6 months * ($P/month) 6 months * ($P/month)
6*P*1.07 6*P
6*P*1.07 6*P*1.07

Total PY 199X
12P

12.42P
12.84P

Therefore, the PY premium development factor for 24 to 36 months is 12.84P/12.42P = 1.034 Answer D.

Solutions to questions from the 1999 exam

Question 37

Note: At 12/31/9X+1, premium for PY 199X is at 24 months of development.
At 12/31/9X+2, premium for PY 199X is at 36 months of development.

Evaluation Date
12/31/9X
12/31/9X+1
12/31/9X+2

Reported Premium for polices issued during the
1st 6 months of PY 199X  Last 6 months of PY 199X

6 months * ($1M/month) 6 months * ($1.1M/month)
6 * ($1M/month)*.20
6 * ($1.1M/month)*.20

Total PY 199X

12.6M

12.6M + 1.2M = 13.8M
13.8M + 1.32M =15.12M

Therefore, the PY premium development factor for 24 to 36 months is 15.12M/13.8M = 1.096

b. CY premiums include audit premium from past policies. As long as premium volume remains steady,
next year's audit premiums associated with current exposures should approximate this year's audit
premiums due to from prior year's exposures, so the PDF is approximately = 1.00
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Solutions to questions from the 2001 exam
Question 15. Compute the policy year reported premium development factor from 12 to 24 months.

Assume that policy year 199X premium is being booked at $P per month.
e Final audit occurs 3 months after policy expiration.
e On average, audits result in 15% additional premium.

Developed premium, due to final audits, is not known until 3 months after the policy expires.
At 12/31/9X+1, developed premium for policies issued during the 1st 9 months of PY 199X is known.
At 12/31/9X+2, developed premium for all policies issued during PY 199X is known.

Reported Premium for polices issued during the

Evaluation Date | 1st 9 months of PY 199X  Last 3 months of PY 199X Total PY 199X
12/31/9X 9 months * ($P/month) 3 months * ($P/month) 12P
12/31/9X+1 9*P*1.15 3*P 13.35P
12/31/9X+2 9*P*1.15 3*P*1.15 13.80P

Therefore, the PY premium development factor for 12 to 24 months is 13.35P+<12.00P = 1.1125 Answer D.

Solutions to the questions from the 2001 exam
Question 47.
a. Describe how premiums and losses are compiled under each of the three experience periods:

1. Policy year experience compiles premiums and losses arising from policies issued in a given period
(typically a one year period). Thus, premiums and losses arising from a given block of policies can
be directly matched.

2. Calendar year experience reflects financial statement transactions for a given year. Earned
premium is defined as written premium for the year plus the unearned premium reserve at
beginning of this year minus UEP reserve at end of the year. Calendar year incurred losses are
paid losses during the year plus loss reserves at the end of the year minus loss reserves at the
beginning of the year.

3. Calendar/Accident year — Premiums are computed as calendar year earned premiums or can be
adjusted for audits or earned but not reported (EBNR) premium changes. Losses include
payments and reserves for accidents occurring in a given period.

b. (1% points) State one advantage and one disadvantage associated with each type of experience period.

Experience period
Policy year

Calendar year

Calendar/Acc year

Advantage
It matches premiums and losses
from a given block of policies

It is more “mature” than similarly
aged policy year or cal/acc year
experience.

Accident year losses can be
matched to the corresponding
exposure year earned premium.

Disadvantage

Policy year experience is less
“mature” than similarly aged
calendar year or cal/acc year
experience.

It is not available for individual
classifications and premium and
loss experience are not related to
a given block of policies.
Premium must be adjusted for

exposure audits or retrospective
adjustments

Exam 5, Vla

Page 130

© 2014 by All 10, Inc.




Chapter 5 — Premium
BAsiC RATEMAKING — WERNER, G. AND MODLIN, C.

Solutions to questions from the 2002 exam

Question 27.

a. (2 points) What is the policy year 2000 earned premium after all appropriate adjustments for premium
development, current rate level, premium trend, and benefit changes?

Step 1: Draw a diagram similar to the one below which identifies periods in time in which rate changes
take place.

Benefit level change +5%
Rate change -6% 10% 7%

.
%eccccccccefocccccccce ot

7/1/99 1/1/2000  7/1/00 1/1/2001 7/1/01

Policy year 2000 is represented by the dashed line parallelogram. Further, rate level changes are shown
separately from benefit level changes, since the problem states that although a 5% increase in benefit
levels were effective 1/1/01, no rate change to account for the benefit level change took place.

Step 2: To determine premium development, a development factor to account for premium audits
needs to be determined. At 12/31/01, policies issued between 1/1/00 — 6/30/00 have completed
their audits whereas policies issued between 7/1/00 — 12/31/00 have not. At 12/31/01, the factor

1.10 11
5(1.10) +.5(1.0) 1.05
Step 3: To determine the current rate level, we can ignore the -6% rate level change that was effective

7/1/99, establish a base rate level of 1.0, and determine that the current rate level is (1.0 * 1.10 *
1.07) 1.177. The average rate level for policy year 2000 is 1.05 (.50*1.0+.50%1.10) and therefore:

Current Rate Level 1.177
Average Rate Level 1.050

to account for future premium development is =1.047619

The on-level factor for policy year 2000 is =1.121

Step 4: To determine the premium trend period, one must determine the time between the average
date of writing during policy year 2000 (7/1/00) and the corresponding projected date in the
forecast period. Since we are told that the effective date of the analysis is 7/1/02, and that rates
will be effective for a period of one year, average written date during the forecast period is
1/1/03. Thus, the premium trend period is 2.5 years (7/1/00 — 1/1/03), and the premium trend
factor is 1.04 *° = 1.103.

Step 5: Using the policy year 200 earned premium given in the problem, and the results of Steps 2 — 4,
compute on-leveled, developed and trended earned premium.

On-leveled, developed and trended policy year 2000 earned premium is
90M * 1.0476 * 1.121 * 1.103 = 116.58M
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Solutions to questions from the 2002 exam (continued)

b. (2 points) What are the policy year 2000 losses after the appropriate adjustments for loss
development, loss trend, and benefit changes?

Step 1: A development factor to account for benefit level changes needs to be determined. Since a 5%
increase in benefit levels affects all policies inforce as of its effective date (shown as the solid
vertical line at 1/1/01 in the graph above), the factor to account for this benefit level change is

1.05 B
.5(1.0) +.5(1.05)
Step 2: To determine the loss trend period, one must determine the time between the average accident
during the experience period (which for policy year 2000 is 1/1/01) and the average accident

date during the effective period of the rates (which for a one year effective period beginning
7/1/02 is 7/1/03). Thus, the loss trend factor is 1.08%°=1.212

Therefore, losses adjusted for development, benefit changes, trend and loss adjustment expenses
are 40M * 1.80 * 1.024 * 1.212 * 1.20 = 107.28M

c. (Y2 point) What is the projected loss and loss adjustment expense ratio for policy year 2000?
The projected loss and LAE ratio for policy year is the ratio of the result from questions (b) to (a)
107.28
=.92
116.58
d. (Y2 point) What is the indicated rate change based on experience from policy year 20007
The indicated rate change based on experience from policy year 2000 is the ratio of the projected

above:

loss and LAE ratio to the garget loss and LAE ratio minus one: %—1= 278

e. (1 point) What should the ratio of charged to manual premium be in order to produce the target loss
and loss adjustment expense ratio?

Since the company has been charging 25% below its manual rates for workers compensation, and
since the target loss and loss adjustment expense ratio is based on the anticipated expense costs
during the future policy period, the ratio of charged to manual premium to produce the target loss and
loss adjustment expense ratio should be 1.278 * (1.0 - .25) = .96
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Solutions to questions from the 2003 exam

33. (2 points) Calculate the factor needed to adjust policy year 2002 written premium to current level.
Show all work.

Step 1: Draw a diagram similar to the one below which identifies periods in time in which rate changes
take place.

Law amendment change  +10%
Rate change +5% +7%

7/1/99 1/1/2002 711/02 10/1/02 1/1/03

Policy year 2002 is represented by the dashed line parallelogram. Further, rate level changes are
shown separately from law amendment changes.

Step 2: To determine the current rate level, establish a base rate level of 1.0, and determine that the
current rate level is (1.10 * 1.05 * 1.07) 1.236.

Since PY 2002 had 3 rate levels in effect, we need to determine the respective area weights to
apply to the rate levels. For the 1/1/02 level, the weight is Y2 *2 */2 = 1/8. For the 10/1/02 level, the
weightis ¥4 * 1.0 = V4. Thus, the weight for the 7/1/02 level is 1.00 — 1/8 — V4 = 5/8.

The average rate level for policy year 2002 is (1/8 * 1.0 + 5/8 * 1.10 + ¥4 * 1.155) 1.101.
Current Rate Level 1.236

= =1.122
Average Rate Level 1.101

Therefore, the on-level factor for policy year 2002 is

Solutions to questions from the 2004 exam

11. Given the following data, calculate the policy year 2001 premium development factor from 24 to 36 months.
«  Full estimated policy year premium is booked at inception, $10 million a month in 2001.
*  Premium develops upward by 5% at the final audit, three months after the policy expires.
* All policies are annual.

We are told that developed premium, due to final audits, is not known until 3 months after the policy expires.
At 12/31/02, developed premium for policies issued during the 1st 9 months of PY 2001 is known.

At 12/31/03, developed premium for all policies issued during PY 2001 is known.

This can be demonstrated mathematically as follows:

Reported Premium for polices issued during the

Evaluation Date | 1st 9 months of PY 2001 Last 3 months of PY 2001 Total PY 2001
12/31/01 9 months * $10M/month 3 months * $10M/month 120M
12/31/02 9*$%$10M * 1.05 3*10M 124.5M
12/31/03 9*$10M * 1.05 3*$10M * 1.05 126M

Therefore, the PY premium development factor for 24 to 36 months is $126M/$124.5M = 1.012

Answer B: >1.010 but <1.015
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Solutions to questions from the 2004 exam (continued):

31. (4 points) Given the following information, answer the questions below. Show all work.
* Policies are written uniformly throughout the year.
* Polices have a term of 12 months.
* The law amendment change affects all policies in force.

Assume the following rate changes:

+  Experience rate change on October 1, 2001 =+7%
« Experience rate change on July 1, 2002 =+10%
+ Law amendment change on July 1, 2003 = -5%

a. (2 points) Calculate the factor needed to adjust calendar year 2002 earned premium to current level.

Step 1: Draw a diagram similar to the one below which identifies periods in time in which rate changes
(both experience rate and law amendment rate) take place.

View the earning of CY 2002 EP using a unit square.

Law amendment rate change -.05
Experience rate changes +0.07 +0.10
1 10 o7 :
j»”f.‘oo& .07=1
0 < %7* 1.10=1.177
'10/1/01 7/1/02 7/1/03

Step 2: Compute the current rate level factor, the product of the experience and law amendment rate
changes. This is the numerator of the CY 2002 on-level factor.

Current rate level factor = 1.00 * 1.07 * 1.10 * (1.00 - .05) = 1.1182.

Step 3: Calculate the denominator for the CY 2002 on-level factor. The denominator is the average rate
level factor for the CY. This is a weighted average of the varying rate levels in effect. The weights
are the relative proportions of the CY 2002 square.

First calculate the area of all triangles (area = .5 * base * height) within a unit square and then
determine the remaining proportion of the square by subtracting the sum of the areas of the triangles
from 1.0.

Since CY 2002 had 3 experience and amendment rate levels in effect, we need to determine the
respective area weights to apply to these rate levels. Prior to the 10/1/01 experience rate change
level, the relative weight associated with the 1.0 rate level during CY 2002 is .50 * .75 * .75 = .28125.
Subsequent to the 7/1/02 experience rate change, the relative weight applied to the 1.177 rate level
is .50 * .50 * .50 = .125. Therefore, the relative weight associated with the 1.07 rate level for the
remaining portion of CY 2002 is 1.00 - .28125 - .125 = .59375.

The average rate level for CY 2002 is (.28125 * 1.00 + .125 * 1.177 + .59375 * 1.07) = 1.0637

Current Rate Level 1.1182

Therefore, the on-level factor for calendar year 2002 is = =
Average Rate Level 1.0637

1.051
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Solutions to questions from the 2004 exam (continued):

Question 31 (continued):
b. (2 points) Calculate the factor needed to adjust policy year 2002 earned premium to current level.

Step 1:

Step 2:

Draw a diagram similar to the one below which identifies periods in time in which rate changes
take place.

Law amendment change -5%

Experience rate changes +7% +10%

1.045

10/1/01 7/1/02 7/1/03

Policy year 2002 is represented by the dashed line parallelogram. Further, rate level changes are
shown separately from law amendment changes.

To determine the current rate level, establish a base rate level of 1.0, and determine that the
current rate level is (1.00 *01.10 * .95) = 1.045.

Since PY 2002 had 3 rate levels in effect, we need to determine the respective area weights to apply
to the rate levels. Prior to the 7/1/02 experience rate change, the weight associated with the PY
2002, 1.0 rate level, is .50 (half the area of the parallelogram). The relative weight associated with
the 7/1/03 law amendment change, with a rate level of 1.10 * .95 = 1.045, is V2 */2 *¥2 = 1/8. Thus,
the weight for the 7/1/02,1.10 rate level, is 1.00 — 1/8 — 1/2 = 3/8.

The average rate level for policy year 2002 is (.50 * 1.00 + .375 * 1.10 + .125 * 1.045) = 1.0431.

Therefore, the on-level factor to adjust policy year 2002 earned premium to current level is
Current Rate Level _ 1.045 1002
Average Rate Level 1.0431
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Solutions to questions from the 2007 exam:

37. (2.0 points)

a. (1.0 point) Draw the diagram underlying the calculation of the current rate level factor used to adjust
policy year 2004 premium to current rate level.

b. (1.0 point) Draw the diagram underlying the calculation of the current rate level factor used to adjust

calendar year 2004 earned premium to current rate level.

Note: Policy years are represented graphically by a parallelogram. Calendar years are represented

graphically by a square.

The relative rate levels are the multiplicative product of (1.0 + rate level changes) and (1.0 + law

amendment changes).
a. PY04

s

D
A/B
1/1/04 12/31/04

41704 10/1/04

+10% Rate 5% Law
Change Change

A=1.00 A=1.00
B=1.00 *1.10=1.10 B=1.00*1.10=1.10
C=1.00 *1.05 =1.05 C=1.00*1.05=1.05

b. CYO4 EP
c |/
A /
D
1/1/04 12131704
4/1/04 10/1/04
+10% Rate 5% Law
Change Change

D=1.00*1.10*1.05=1.155 D =1.00* 1.10* 1.05=1.155
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Solutions to questions from the 2009 exam:
Question 19:

a. Since a rate change was effective on 10/1/07 and applies to all future policies sold, a diagonal line is
drawn at 10/1 to graphically depict the impact of the change when computing the on-level factor.

Since a law change was effective on 7/1/08 and applies to all in-force and future policies, a solid vertical
line is drawn at 7/1 to graphically depict the impact of the change when computing the on-level factor.

0.05 0.10

1.0

1.05 |1.155=1.05*1.10

10/07  01/08 04/08 07/08

b, OI_F:Current Rate Level Factor
Avg Rate Level Factor

The current rate level factor equals the product of all rate changes occurring during CY 2008
CRLF=1.0*1.05*1.10=1.155

The average rate level factor is a weighted average of the varying rate levels that occurred in CY 2008.
The weights will be relative proportions of the CY square. First calculate the area of all triangles (area =
.5 * base * height) or rectangles within a unit square and then determine the remaining proportion of the
square by subtracting the sum of the areas of the triangles and rectangles from 1.0.

Since all policies are semi-annual, the diagonal line is representative of a policy written 10/1/2007 and
expiring 3/31/2008.

CY 2008 Average rate level = (.50)(3/12)(6/12) * 1.0 + [(1/2) - (.50)(3/12)(6/12)] * 1.05 + (.50)*1.155
= 0625 +.459375 +.5775 = 1.099375
On-level factor for 2008 CY EP = 1.155/1.099375 = 1.05059693

¢. Snowmobile insurance is not uniformly earned throughout the year. The parallelogram method
assumes uniform earnings.
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Solutions to questions from the 2010 exam:

Question 19

a. (1 point) Draw and fully label a diagram for CY 2008 earned premium reflecting the parallelogram method.
b. (1 point) Calculate the on-level factor for CY 2008 earned premium.

c. (1 point) Draw and fully label a diagram for PY 2008 earned premium reflecting the parallelogram method.

a. Since a law change was effective on 7/1/08 and applies to all in-force and future policies, a solid vertical
line is drawn at 7/1 to graphically depict the impact of the change when computing the on-level factor.

Since a rate change was effective on 10/1/08 and applies to all future policies sold, a diagonal line is
drawn at 10/1 to graphically depict the impact of the change when computing the on-level factor.

Areas A, B and C represent portions of CY 2008 that correspond to the three rate levels in effect.
Rate Change

0.10 0.05
% 100%
of Policy A B
Earned
0% C

1/2008  7/1 10/

b, OI_F:Current Rate Level Factor
Avg Rate Level Factor

The current rate level factor equals the product of all rate changes occurring during CY 2008

CRLF=1.0%"1.10*1.05=1.155
The average rate level factor is a weighted average of the varying rate levels that occurred in CY 2008.
The weights will be relative proportions of the CY square. First calculate the area of all triangles (area =
.5 * base * height) or rectangles within a unit square and then determine the remaining proportion of the
square by subtracting the sum of the areas of the triangles and rectangles from 1.0.

Area | Rate Level Weight
A 1.00 50*1.0=| .50
C 1.155 2(1/4)(1/2)= | .0625
B 1.10 1.0-.50-.0625= | .4375
CY 08 OLF = 1155 1155 =1.0964

[.50(L.0)+.4375(1.10)+.0625(1.155)] ~ 1.0534375

Rate Change

% 100%
of Policy
Earned

1/2008  7/1 101
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Section 3: Premium Aggregation — Using the One and Two Step Procedures

Solutions to questions from the 2003 exam
11. Determine the written premium trend period.

Step 1: Determine the average written date during the experience period. For the experience period 4/1/01 —
3/31/02, and given that 6 month policies are being written, the average earned date is 10/1/01 and
the average written date is 7/1/01, or %2 the policy term earlier from the average earned date.

Step 2: Determine the average written date during the exposure period. The average written date during the
future policy period is a function of the length of time that the rates are expected to remain in effect. In
this example, since rates are reviewed every 18 months, this would make the average written date 9
months after the proposed effective date of 4/1/03, which is 1/1/04. Thus, the written premium trend

period is 2.50 years.

Answer: D. > 2.4 years, but <2.7 years
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Solutions to questions from the 2004 exam

Question 35.

a. (1 point) Calculate the beginning and ending dates for each of the Step 1 and Step 2 trend periods,
assuming the selected trend is based on average written premium.

Preliminary information.

The solution below includes a graphic depicting the beginning and ending dates for each of the Step 1
and Step 2 trend periods, assuming the selected trend is based on average written or average earned
premium. The graphic is included in our solution for instructional purposes only.

What are the trending periods to apply to CY/AY 2002 earned premium at current rate level using a two-
step trending procedure?

< o

&

o
-

o
K

o
K

2001 2002 2003
~ f
Average Average Average Future Average Average
Written Earned Date for Effective Written Earned
Date Date Latest Date Date Date
4/1/02 7/1/02 Trend Point 7/1/05 1/1/06 4/1/06
7/01/003
| Step 1 R Step 2 |
a. AWP € P < >

Step 1: Determine the trend period from the average written date of the experience period to the
average date for the last data point in the average written date series:

To determine the average written date, recognize that the first policies that contribute to calendar
year 2002 earned premium would be ones written on 7/2/01, since these policies would be effective
until the end of the day on 1/1/02. The last policies that would contribute to CY 2002 earned
premium would be ones written on 12/31/02. The total amount of time between the two written dates
is 18 months, so the average written date is 4/1/02.

In establishing the ending point for the first part of the trending period (step 1), it is important to
recognize that the average written premium measures in the series are 12-month averages. This
means that each figure provides a measure of the average premium at the midpoint of its 12-month
period. In other words, since the latest trend point in the series is for the year ending 12/31/03, then
the measure of the average premium for that point corresponds to 7/1/03, not 12/31/03.

Thus, the average written date of the experience period is 4/1/02 and the average date for the last
data point in the average written date series is 7/1/03.

Step 2: Determine the trend period from the average written date for the last data point in the average
written date series to the average written date under the effective period of the rates.

As stated before, the average written date for the last data point in the average written date series
under the experience period is 7/1/03. The average written date for polices effective during the
planned effective period is January 1, 2006. This is because the average written date in the future
policy period does not depend on the length of the policies. Instead, it is the length of time the rates
are assumed to be in effect before the next revision.

Therefore, the beginning and ending dates for Step 2 trend is 7/1/03 — 1/1/06.
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Solutions to questions from the 2004 exam (continued):

b. (1 point) Calculate the beginning and ending dates for each of the Step 1 and Step 2 trend periods,
assuming the selected trend is based on average earned premium.

Preliminary information.
It is important to realize that whether the selected trend is based on average written premium or average
earned premium, the two alternatives have the same length trending periods. However, these periods

are not identical. The trending period for the average earned premium approach is shifted in time so that
it is a half a policy period later than the trending period for the average written premium approach.

o o s 4 R
o 4 o ) -
o 5 R > o
3 2002 2003
2001 B g

Average Average Average Future Average Average
Written Earned Date for Effective Written Earned
Date Date Latest Date Date Date
4/1/02 7/1/102 Trend Point 7/1/05 1/1/06 4/1/06
7/01/003
| Step1 R Step 2 |
a. AWP € > < g
Step 1 Step 2
P ND P J
b. AEP [€ < »

Based on the discussion in part a, and the graphic above, we can determine the following:
The beginning and ending dates for Step 1 trend is 7/1/02 — 7/1/03.
The beginning and ending dates for Step 2 trend is 7/1/03 — 4/1/06.

c. (1 point) Describe a situation when it may be more appropriate to use a two-step trending procedure,
rather than a one-step trending procedure. Two step trending is more appropriate when there isn’t a
clear trend in the series of average written or earned premiums.

12-Month Moving Average Written Premium

Ava WP

RS el

0 4 8 12 16 Quarter
\
For example, if the 12 month moving average written premiums looked like the series above it would not
be appropriate to apply a single trend, since the lower average written premium at the midpoint needs
more trend applied to it than the average written premium at the beginning or end.
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Solutions to questions from the 2005 exam:
37a. (3.5 points) Using two-step trending, determine the total premium trend factors for each year above.

Initial comments: the two-step trending method simply divides the latest average written premium at
current by the average earned premium at current for each year in the experience period. This produces
conversion factors for adjusting the total earned premium at current rate level for each year to the latest
period’s average written premium level.

In establishing the ending point for the first part of the trending period (step 1), it is important to recognize
that the average written premium measures in the series are 12-month averages. This means that each
figure provides a measure of the average premium at the midpoint of its 12-month period. In other words,
if the latest trend point in the series is for the year ending 12/31/01, then the measure of the average
premium for that point corresponds to 7/1/01, not 12/31/01. Therefore, the first step of the two-step
trending procedure trends the premium to the midpoint of the latest trend data point in the series.

The second step of the two-step trending procedure trends the premium from the midpoint of the latest
trend data point to the average written date for the future policy period. If the target effective date were
1/1/03, then the average written date for the future policy year would be half way through, or 7/1/03, with
the standard assumption that the proposed rates will be in effect for one year. The trending period in this
example would need to extend from the midpoint of the latest average written premium measure (7/1/01)
to the average written date for the future policy period (7/1/03). Therefore, the trending period for the
second step would be two years.

Problem Specific:
First, one needs to adjust the historical premiums for the 20% rate decrease on 7/1/03.
For CAY 2004 — The average written premium does not need to be adjusted

For CAY 2003 — One half of the written premium needs to be adjusted down by 20%. Thus, the adjusted
CAY 2003 average written premium is 2(933.33) + %2(933.33)(0.8) = 840

For CAY 2002 — The entire premium needs to be adjusted downward by 20%: 1,000 x 0.80 = 800

The first step in the two-step trending is to divide the latest year’s average written premium by each year’s
average written premium. The ratios are the trend factors for step 1. They are used to trend the premiums to
7/1/04 and are computed as follows:

CAY  Trend Factor

2002 882/800 =1.1025

2003 882/840=1.05

2004 882/882=1.0

This factor already includes the 3% trend due to shifts in limit distributions from 2002-2004.

Exam 5, Vla Page 142 © 2014 by All 10, Inc.



Chapter 5 — Premium
BAsiC RATEMAKING — WERNER, G. AND MODLIN, C.

Solutions to questions from the 2005 exam (continued):
Question 37 (continued):
In step 2, project the average premiums for each year to the anticipated future level.

A prospective trend is not given, so | will use the historical trend of 1.05 reduced for the 3% trend not
continuing past 2004. Thus, the prospective trend = 1.05/1.03 = 1.019 = 1.9%

The step 2 trending period extends from 7/1/04 to the average written date of effective period. As rates are
reviewed every 18 months, and given that the planned effective date for a rate change is January 1, 2006, the
average written date will be 9 months past the effective date, or 10/1/06.

Trend factor for step 2 = (1.019)*%° = 1.043

Thus, the total premium trend factor is calculated as follows:

CAY Step 1 Step 2 Total
(1) ) (3)=(1)*(2)
2002 1.1025 1.043 1.15
2003 1.05 1.043 1.095
2004 1.0 1.043 1.043
See page 28.

b. (0.5 point) Why is two-step trending a more suitable procedure for trending premium than for trending
loss frequency or severity?

This procedure relies on the assumption that the latest year’s average written premium is a time value. For
premiums, this assumption holds because premiums are relatively stable. Loss severity and frequency
values vary greatly over time and the assumption does not hold.

Alternatively,

“Consider the theoretical implications of two-step trending. This trending method rests on the assumption that
the last data point of the trend series is a “true” number. For loss frequency or severity, this can be a dubious
assumption because of random fluctuations around the true expected value. For average premium, on the
other hand, the individual data points are more believable because there is not as large a random element.”
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Solutions to questions from the 2006 exam:
Question 26

a. (1.5 points) Assume all policies have a six-month term. Use 2-step trending with average written

premium to calculate the trended premium for calendar year 2002. Show all work.

Step 1: Determine the trend period from the average written date of the experience period to the

average date for the last data point in the average written date series:

To determine the average written date, recognize that the first policies that contribute to calendar
year 2002 earned premium would be ones written on 7/2/01, since these policies would be effective
until the end of the day on 1/1/02. The last policies that would contribute to CY 2002 earned
premium would be ones written on 12/31/02. The total amount of time between the two written dates
is 18 months, so the average written date is 4/1/02.

In establishing the ending point for the first part of the trending period (step 1), it is important to
recognize that the average written premium measures in the series are 12-month averages. This
means that each figure provides a measure of the average premium at the midpoint of its 12-month
period. In other words, since the latest trend point in the series is for the year ending 12/31/04, then
the measure of the average premium for that point corresponds to 7/1/04, not 12/31/04.

Thus, the average written date of the experience period is 4/1/02 and the average date for the last
data point in the average written date series is 7/1/04. This is the period where premium will be
trended by the historic premium drift of 5%.

Step 2: Determine the trend period from the average written date for the last data point in the average

written date series to the average written date under the effective period of the rates.

As stated before, the average written date for the last data point in the average written date series
under the experience period is 7/1/04. The average written date for polices effective during the
planned effective period is December 1, 2006. This is because the average written date in the future
policy period does not depend on the length of the policies. Instead, it depends on the length of time
the rates are assumed to be in effect before the next revision.

Therefore, the beginning and ending dates for Step 2 trend is 7/1/04 — 12/1/06. This is the period
where premium will be trended by the expected future premium drift of 3%.

Thus, the trended premium for calendar year 2002 is computed as follows:

2001 2002 2003 2004 2005 2006 2007

1 I I I
4/ 7/ 6/1 12/1
Average Written Average Date Future Average Wrilten
Date for Latest Eft Date Date
Trend Point

T 2.25 years T 2.417 years T

Trended Premium = $42,500,000 * (1.05)>% * (1.03)**" = $50,043,928
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Solutions to questions from the 2006 exam:
Question 26, part b:

b. (1.5 points) Assume all policies have an annual term. Use 2-step trending with average written
premium to calculate the trended premium for calendar year 2002. Show all work.

Note: The only difference in solving this problem, compared with the problem in part a, is the starting
date for the trend period. The rationale given for all other points in time in as stated in part a, for both
steps, holds.

To determine the average written date, given annual policies, recognize that the first policies that
contribute to calendar year 2002 earned premium would be ones written on 1/2/01, since these policies
would be effective until the end of the day on 1/1/02. The last policies that would contribute to CY 2002
earned premium would be ones written on 12/31/02. The total amount of time between the two written
dates is 24 months, so the average written date is 1/1/02.

Thus, the trended premium for calendar year 2002 is computed as follows:

2001 2002 2003 2004 2005 2006 2007

| | I
11 71 o/l 12/1
Average Date Future Average Written

Average Written i Y
for Latest Eff Date Date

Date

Trend Point
T 2.5 years T 2.417 years T

Trended Premium = $42,500,000 * (1.05)>° # (1.03)**"7=§51.571.159

c. (0.5 point) Explain one advantage of using 2-step trending in this example over 1-step trending.

1-step-trending assumes uniform trend from the experience period to the future policy period. This
assumption does not apply to certain situations where there are differences in trend between the past and
the future. The 2-step trending procedure solves this problem.
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Solutions to questions from the 2006 exam (continued):
27. (1 point)

a. (0.5 point) Explain why using average premiums is better than total premiums when analyzing
premium trend.

b. (0.5 point) Give one argument for using average earned premiums in the premium trend analysis
and one argument for using average written premiums.

CAS Model Solution
Part a.

Total premiums are affected by exposure changes, while average premiums have averaged out the exposure
effects. Thus changes in average premium are more related to the actual trend in premium.

Part b.

1 — The premiums being trended are earned premiums, thus it is better to use average earned premiums in
the premium trend analysis.

2 — Average written premiums are more responsive to recent changes.

As Jones states

“Since these trends will apply to historical earned premium at current rate level, we should evaluate trends
based on shifts in average earned premium.”

“Even though the historical premium is earned premium, we can determine the average written date for that
block of premium and then observe changes in average written premium to establish the trend. Therefore,
basing the trend analysis on average written premium is a valid approach. Furthermore, average written
premium has an important advantage in that it allows us to capture more recent data than average
earned premium. This is because of the simple fact that the premium for a given policy is not earned until
well after it is written. In fact, at any given point in time, the latest quarter’s average earned premium is based
on a group of policies that is a half a policy period older than the group of policies comprising the latest
quarter’s average written premium. Using average earned premium would unnecessarily postpone the
recognition of the effects of the most recent changes in the mix of business.”

Solutions to questions from the 2007 exam:
Question 36 - Calculate the trended premium for each year, using the two-step trending method.

Model Solution - Initial comments.

The two-step trending method requires the use of average earned premium at current rate level for each year in
the experience period. The components are total earned premium at current rate level and earned exposures. In
this problem, we are given the average earned premium at current rate level.

How the two-step trending method is used.

The two-step trending method simply divides the latest average written premium at current level by the
average earned premium at current for each year in the experience period. This produces conversion
factors for adjusting the total earned premium at current rate level for each year to the latest period’s
average written premium level.
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Solutions to questions from the 2007 exam:
Question 36 - Calculate the trended premium for each year, using the two-step trending method.

Model Solution
Step 1: Bring the average earned premium at current rate level to the latest level available in the series of

average written premiums at current rate level.
This accounts for shifts in the mix of business and any other factors not already accounted for with a

direct adjustment to the historical experience.

CY 03 04 05 06 07 08

7/05 1/07 7/07 1/08
For Step 1, we don’t need to consider exposures because average written premiums at current level are used.

Step 2: Project the average written premiums at current level for each year to the anticipated future rate level.
A three percent annual trend (stated in the problem (see (3)) is applied over a two-year period.

The Step 2 trend period is 2 years (from 7/1/05 to 7/1/07) at 3%.

Latest Total
Value of Premium
Aw EP Avwg WP Step 1 Step 2 Trend
@CRL @CRL (7/05) Trend Factor Trend Factor Factor
cy ” (1) V) @)= 4) (5) = (3)*(4)
2003 3,605 3,998 1.1090 " 1.032 1.177
2004 3,749 3,998 1.0664 " 1.032 1.131
2005 3,899 3,998 1.0254 i 1.032 1.088
Trended Earned Trended Total
Average Premium  Exposures Premium
cY ® =@ " (@ (8) = (6)*(7)
2003 4,242 1,000 4,242,000
2004 4,242 1,050 4,454,100
2005 4,242 1,100 4,666,200

(4) = The selected annual trend for Step 2 (given in the problem as 3%) is applied from the midpoint

of (2) to the average written date in the future policy period (which is 7/1/2007 in this problem).
Note that the total premium trend factors in column (5) are used to compute trended average
premium in (6), and are used in place of those developed by the one-step procedure.
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Solutions to questions from the 2008 exam:
Model Solution — part a. — question 15
a. Question no longer applicable to the content covered in this chapter.

Model Solution — part b — question 15. - Initial comments.

The two-step trending method requires the use of average earned premium at current rate level for each year in
the experience period. This problem is based upon the example in Appendix 2 - the Two-Step Trending Method.

Keep in mind that all policies are semi-annual and thus, Jones’ comments on “What about six month policies on
pages 17 — 18 apply.

In particular “For a six-month policy term, the first step of the procedure will involve a shorter trending period than
the one used for 12-month policies. This is because the average written and average earned dates are closer
together for shorter policies. The break point between the first and second step is still the same since we use 12-
month moving averages of written premium in both analyses. The second step of the procedure results in the
same length trending period as was used for 12-month policies. This is because the average written date in the
future policy period does not depend on the length of the policies. Instead, it is the length of time the rates are
assumed to be in effect before the next revision.”

In step 1, bring the average earned premium at current rate level to the latest level available in the series of
average written premiums at current rate level.

In step 2, project the average premiums for each year to the anticipated future level. In this example, a 4 percent
annual trend is applied over a two-year period.

NOTE: The following is not needed to solve the problem but is provided to give you a broader understanding of
what is happening in this example.

The first policies that contribute to calendar year 2006 earned premium would be ones written on 7/2/05, since
these policies would be effective until the end of the day on 1/1/06. The last policies that would contribute to
2006 earned premium would be ones written on 12/31/06. The total amount of time between the two written
dates is 18 months, so the average written date is 4/1/06.

In establishing the ending point for the first part of the trending period (step 1), it is important to recognize that
the average written premium measures in the series are 12-month averages. This means that each figure
provides a measure of the average premium at the midpoint of its 12-month period. In other words, since the
latest trend point in the series is for the year ending 12/31/07, then the measure of the average premium for
that point corresponds to 7/1/07, not 12/31/07. Therefore, the first step of the two-step trending procedure
trends the premium to the midpoint of the latest trend data point in the series.

The second step of the two-step trending procedure trends the premium from the midpoint of the latest trend data
point to the average written date for the future policy period. Since the target effective date is 1/1/09, then the
average written date for the future policy year would be half way through, or 7/1/09, with the standard assumption
that the proposed rates will be in effect for one year. The trending period in this example would need to extend
from the midpoint of the latest average written premium measure (7/1/07) to the average written date for the
future policy period (7/1/07). Therefore, the trending period for the second step would be two years.
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Solutions to questions from the 2008 exam:

Model Solution — part b. — question 15

Thus, the Step 1 trend factor is 112/106 = 1.056 and Step 2 trend factor = 1.042 = 1.0816, and
The trend factor to 2006 calendar/accident year = 1.0566 x 1.0816 = 1.1428

This can also be demonstrated as shown below.

(1) (2) (3) (4) (5)

Latest Total
Value of Step 1 Step2  Premium

Avg EP Avg WP Trend Trend Trend

Year @CRL @CRL Factor Factor Factor
(3)=(2)/(1) (5)=(3)"(4)

2004 $98 $112 1.1429 1.0816 1.2361

2005 $102 $112 1.0980 1.0816 1.1876

2006 $106 $112 1.0566 1.0816 1.1428

2007 $110 $112 1.0182 1.0816 1.1013

Solutions to questions from the 2010 exam:

Question 18

Calculate CY 2008 earned premium at prospective levels using two-step trending.

Step 1: Adjust the historical premium to the current trend level using the following adjustment factor:
Latest Average WP at Current Rate Level

Historical Average EP at Current Rate Level

Latest Avg WP at Current Rate Level is 682,500/1,300 = 525

Historical Avg EP at Current Rate Level is 487,500/1,000 = 487.50

Thus, the current premium trend factor is 1.0769 (= 525/487.50).

The latest average WP is for CY 2009; thus, the average written date is 7/1/2009 (this will be “trend
from” date for the second step in the process).

Current Premium Trend Factor =

Step 2: Compute the projected premium trend factor.

Select the amount the average premium is expected to change annually from the “trend from” date to the
projected period.

The “trend from” date is 7/01/2009.

The “trend to” date is the average written date during the period the proposed rates are to be in effect,
which is 7/01/2011.

Thus, the projected trend period is 2 years long (7/1/2009 to 7/1/2011).
Given a projected annual premium trend of 5%, the projected trend factor is 1.1025 (= (1.0 + 0.05)2).

The total premium trend factor for two-step trending is the product of the current trend factor and the
projected trend factor (i.e. 1.18728 (= 1.0769 x 1.1025)).

That number is applied to the average historical EP at current rate level to adjust it to the projected level:

CY08 EP at projected rate level = CYO08 EP at current rate level x Current Trend Factor x Projected
Trend Factor.

CY 2008 earned premium at prospective levels = (487,500) (1.0769) (1 .052) =578,800.10
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Solutions to questions from the 2011 exam:

5. (2.25 points) Given the following information:
. Policy term: Six months; Proposed rates in effect from 1/1/2012 to 6/30/2013
. Selected projected premium trend: 5%

Calendar  Average Earned Premium  Average Written Premium
Year at Current Rate Level at Current Rate Level
2009 $375 $380
2010 $390 $395

5a. (2 points) Calculate the total premium trend factor for each of CYs 2009 and 2010 using two-step trending.
5b. (0.25 point) Briefly discuss when it is appropriate to use two-step trending.

Question 5 - Model Solution 1
a. Two-step trending = Use Step 1 and Step 2 premium trend factors
- For CY 2009
Step 1 trend = (Avg WP@CRL Latest period) / (Historical Avg EP@CRL) = 395/375 = 1.05333
AWD for CY 2010 = 7/1/10. Average written date for the period 1/1/2012 to 6/30/2013 is 10/1/2012
Step 2 trend = Starts 7/1/10, Ends 10/1/12.
Step 2 trend period from 7/1/10 - 10/1/12 = 2.25 years
Step 2 trend = (1.05)>%° = 1.116
CY 2009 total premium trend factor = (1.0533)(1.05%°) = 1.1756
- For CY 2010
Step 1 trend = 395/390 = 1.0128 (see above formula)
Step 2 trend = trend from 7/1/10 — 10/1/12 = 2.25 years
CY 2010 Total premium trend factor = (1.0128)(1.05°%) = 1.1303
b. It is appropriate to use two step trending when the historical trend and the prospective trend are different.

Question 5 - Model Solution 2

a.
(1) (2) 3) (4) (5)
2010 = (2)/(1) (5) = (3)x(4)
CY | AvgEP | Avg. WP Premium Trend
2009 375 395 1.0533 1.05°% 1.1755
2010 390 395 1.0128 1.05%%° 1.1303

2nd step trend period is from 7/1/2010 to 9/30/2012 which is 2.25 years.

b. When the future premium trend is different from the current trend, we cannot use one-step trend, we
need to use a 2- step trend instead.

Exam 5, Vla Page 150 © 2014 by All 10, Inc.



Chapter 5 — Premium
BAsiC RATEMAKING — WERNER, G. AND MODLIN, C.

Questions from the 2012 exam:

6a. (1 point) Use the two-step trending method to calculate the projected earned premium for the
calendar year ending December 31, 2009.

6b. (1 point) After completing the analysis, the actuary determines that the assumed annual increase in
the amount of insurance to account for inflation was materially reduced post-January 1, 2012.
Discuss any necessary adjustments to the completed analysis in part a. above

Question 6 — Model Solution 1 (Exam 5A Question 6)
Step 1 factor = latest average written premium @ CRL (current rate level)
Calendar year 2009 average earned premium @ CRL = 560/(5,000,000/10,000) = 560/500 = 1.12
Step 2 => trend from = 11/15/2011 <-midpoint of latest period.
trend to = 7/1/ 2013 <-average written date in projected period
= proposed effective date + 2 the time rates are expected to be in effect.
—trend period = 1.625, and the Step 2 trend factor = (1.05) * 1.625
Projected Earned Premium for CY 2009
= EP @ CRL x Step 1 factor x Step 2 factor = 5,000,000 x (1.12) x (1.05) * 1.625 = $6,062,066.

b. The assumed annual increase in the amount of insurance to account for inflation is an ongoing and
gradual change, and is reflected in the prospective annual premium trend. So it would be necessary to
adjust the prospective annual premium trend of +5% downwards to reflect this reduction, which would
resultantly adjust the Step 2 factor. Note that since 2-step trending is used in part (a), it will be appropriate
to only adjust the Step 2 factor since this change means trend expected in the future will be different from
historical trend.

Question 6 — Model Solution 2 (Exam 5A Question 6)
Step 1: 560/ (5,000,000/10,000) =1.12
Step 2: from 11/15/2011 to 7/1/2013

From avg. of latest period (4Q11) to avg. written date of prospective period (7/1/2012 t0
6/30/2014) <-2 years. Thus, the step 2 trend factor is 1.05 * (1.625) = 1.0825

Total Projected EP = 5,000,000 x 1.12 .x 1.0825 = 6,062,065.69

b You would need to re-calculate your selected prospective trend in step 2. Step 1 can be left alone,
however the step 2 trend would be less than 5%, and would lower the projected premium.

Question 6 — Model Solution 3 (Exam 5A Question 6)

Average written date in 4Q 11 is Nov. 15, 2011

Average written date for 2 year effective period starting July 1, 2012 is July 1, 2013.

Thus, the Prospective Trend period is 1.625 years

Average earned premium for CY2009 is 5,000,000 + 10,000 = 500

Projected Earned Premium for CY2009 is 5,000,000 (560/500) (1.05 * 1.625)= 6,062,065.69

b. The 5% prospective premium trend is likely too high and should be reduced in the analysis from a
Examiner’'s Comments

a. The majority of candidates received full credit. Those that didn’t receive full credit typically lost
points for calculating the trend period incorrectly.

b. Most candidates either identified both or only one of the other elements needed for full credit. Some
candidates identified that the first step in two step trending would not be affected, but this was not
necessary for full credit.
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6 Key Concepts 122 - 123
1 Loss Definitions 90-91

The text uses the term claim to mean demand for compensation and loss to refer to the amount of compensation.
Losses and LAE usually represent largest portion of premium.
This chapter discusses:

= The different types of insurance losses

= How loss data is aggregated for ratemaking analysis

= Common metrics involving losses

= Adjustments made to historical loss data to make it relevant for estimating future losses in the
ratemaking process. This includes adjusting data for:

« Extraordinary loss events
» Changes in benefit levels
» Changes in the loss estimates as immature claims become mature
» Changes in loss cost levels over time
= Treatment of LAE
Definitions
» Paid losses: Payments made to claimants.

» Case reserve: An amount expected to be paid on a claim, based on a claims adjuster’s estimate or
determined by formula.

» Reported (Case Incurred) losses: Paid Losses + Case Reserves

 Incurred but not enough reported (IBNER): Reported losses adjusted to account for any anticipated
shortfall in the case reserves

 Incurred but not reported (IBNR): Reserves for claims incurred but that have not yet been reported.
» Ultimate Losses: Reported Losses + IBNER + IBNR

Aggregated losses are based on statistics (e.g. paid or reported losses), a data aggregation method (e.g.
calendar, accident, policy, or report month/quarter/year), and a period of time.

The time period for data aggregation is defined by an accounting period and a valuation date.

The accounting period for losses should be consistent with financial statement dates (e.g. month, quarter,
or calendar year).

The valuation date (which can be different than the end of the accounting period) is the date losses are
evaluated for analysis. It is expressed as the number of months after the start of the accounting period (e.g.
AY 2010 as of 18 months implies AY 2010 as of 6/30/2011).

Valuation dates can occur prior to the end of the accounting period.
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2 Loss Data aggregation Methods 91 -93

Four ways to aggregate data are by calendar year, accident year, policy year, and report year (see Chapter 3
for comments on CY, AY and PY).

Note: Some insurers aggregate losses in twelve-month periods that do not correspond to calendar years. This is called a
fiscal accident year and the period is referred to as 12 months ending mm/dd/yy (i.e. the accounting date).

RY Loss aggregation method:
Losses are aggregated according to when the claim is reported (as opposed to when the claim occurs for AY).

= Accident dates are maintained so the lag in reporting can be determined, since report year losses can be
subdivided based on the report lag.

= This type of aggregation results in no IBNR claims, but a shortfall in case reserves (i.e. IBNER) can exist.
= RY aggregation is limited to the pricing of claims-made (CM) policies.

Claims Made policies provide coverage based on the date the claim is reported (as opposed to the date the claim
occurs).

= ltis often written in lines of business for which there is often a significant lag between the date of the
occurrence and the reporting of the claim (e.g. medical malpractice).

= CM ratemaking is covered in Chapter 16.

Quantifying Reported Losses under different loss aggregation methods
Assume reserves are $0 prior to CY 2009
Claim Transaction History

Policy
Effective  pate of Report  Transaction Incremental — Case
Date Loss Date Date Payment  Reserve
07/01/09 11/01/09 11/19/09 11/19/09 $0 $10,000
02/01/10 $1,000 $9,000
09/01/10 $7,000 $2,500
01/15/11 $3,000 $0
09/10/09 02/14/10 02/14/10 02/14/10 $5,000 $10,000
11/01/10 $8,000 $4,000
03/01/11 $1,000 $0

*Case reserve evaluated as of transaction date.

CY 2009 reported losses are $10,000: CY 2009 paid losses (i.e. the sum of the losses paid in 2009 ($0)) plus
the ending reserve at 12/312009 ($10,000) minus the beginning reserve in 2009 ($0).

CY 2010 reported losses are $17,500: CY 2010 paid losses ($1,000 + $7,000 + $5,000 + $8,000) plus the
ending reserve at 12/31/ 2010 ($2,500 + $4,000) minus the beginning reserve in 2010 ($10,000).

CY 2011 reported losses are -$2,500: CY 2011 paid losses ($3,000+$1,000) plus the ending reserve at
12/31/2011 ($0), minus the beginning reserve in 2011 ($2,500 + $4,000).
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AY 2009 reported losses as of 12/31/2011 are $11,000 (considers transactions on the first claim only):

Cumulative losses paid through 12/31/2011 on the first claim ($1,000 + $7,000 + $3,000) plus the case
reserve estimate for this claim as of 12/31/2011 ($0). (When referring to AY paid losses, the adjective cumulative is
usually implied rather than explicit.)

AY 2010 reported losses as of 12/31/2011 are $14,000 (considers transactions on the second claim only):

Losses paid on the second claim through 12/31/2011 ($5,000 + $8,000 + $1,000), plus the case reserve
estimate for this claim as of 12/31/2011 ($0).

PY 2009 reported losses as of 12/31/2011 are $25,000 (considers transactions from both policies):

The sum of the losses paid on both policies ($1,000 + $7,000 + $3,000 + $5,000 + $8,000 + $1,000) plus the
case reserve estimate as of 12/31/2011 ($0).

PY 2010 reported losses as of 12/31/2011 are $0 since neither of these policies was issued in 2010.

CY 2009, AY 2009, and PY 2009 reported losses at three different valuation dates are shown below
Reported Losses: CY09 v AY09 v PY09
Valuation Date
Aggregation Type 12/31/2009 12/31/2010 12/31/2011
Calendar Year 09  $10,000 $10,000 $10,000
Accident Year 09  $10,000 $10,500 $11,000
Policy Year 09 $10,000 $27,500 $25,000

= CY reported losses are finalized at the end of the year, accident year and policy year losses are not.

= PY losses undergo development during the second twelve months of the 24-month policy year period
(this longer lag time to get accurate PY data is a shortcoming of the PY aggregation method).

RY 2009 reported losses only include amounts associated with the first claim as it was reported in 2009.
=  As 0f12/31/2009, RY 2009 reported losses are $10,000 (reflects the outstanding case reserve only)

= As of 12/31/2010, RY 2009 reported losses are $10,500: the sum of all payments made ($1,000 +
$7,000) and the $2,500 case reserve estimate as of the end of 2010.

The second claim was reported in 2010 and only contributes to RY 2010 losses.

3 Common Ratios Involving Loss Statistics 92 -93

Four common ratios involving loss statistics are: frequency, severity, pure premium, and loss ratio (see
chapter 1 for more information).

Each ratio is defined by:
= achoice of statistics (e.g. paid or reported losses, or earned or written premium)
= adata aggregation method (e.g. calendar, accident, policy, or report month/quarter/year)
= an accounting period, and
= avaluation date.
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4  Adjustments To Losses 93-121

Prior to projecting losses to the cost level expected when the rates will be in effect, preliminary adjustments
may involve:

= removing individual shock losses and catastrophe losses from historical losses and replacing them
with a long-term expectations provision.

= developing immature losses to ultimate.
= restating losses to the benefit and cost levels expected during the future policy period.

Extraordinary Losses (Large Individual Losses and Catastrophe Losses)
Large losses (a.k.a. shock losses) are infrequent but are expected in insurance.

Examples: a large multi-claimant liability claim, a total loss on an exceptionally high-valued home, and a
total permanent disability of a young worker.

Historical data used to project future losses should exclude a portion of these losses above a threshold, that
corresponds to the point at which the losses are extraordinary and their inclusion causes volatility in the rates.
The threshold may be:

= based on the minimum amount of insurance offered (i.e. the “basic limit”) as it corresponds to the limit
associated with the base rate.

= a point significantly higher than the basic limit (e.g. the basic limit for personal auto liability insurance
typically equals the amount of insurance required by the financial responsibility laws, but as many
insureds select higher limits of insurance, insurers may have a significant number of losses that
exceed the basic limit).

When losses are not capped at the basic limit, the actuary must determine the threshold that best balances the
goals of: (1) including as many losses as possible and (2) minimizing the volatility in the ratemaking analysis.
Set the threshold by:
= examining the size of loss distribution and setting it at a given percentile (e.g. the 99th percentile).
Examine individual claim sizes in increasing order and choosing the claim amount for which 99% of
the claim inventory is below that amount.
= choosing a certain % losses rather than claim amounts.
In property insurance the AOI varies based on the value of the insured item, and since the expected
size of loss distribution may vary significantly from one policy to the next, it may be more appropriate
to use a threshold that is a % of the AOI rather than to use a fixed threshold.

Actual shock losses are replaced with an average expected large loss amount calculated over a longer period.
The time period may vary significantly for different lines of business and even from insurer to insurer.
Examples:

= a medium-sized homeowners insurer may derive a good estimate for expected large fire losses using
10 years of data

= asmall personal umbrella insurer may need 20 years of data.

Avoid using too many years as older data becomes less relevant over time (e.g. jury awards may be much
higher today than previously).

The average should be based on the number of years to produce a reasonable estimate without including so
many years as to make the historical data irrelevant.
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Excess Loss Factor Calculation
= In this example, individual reported losses are capped at $1,000,000 (a.k.a. non-excess losses)

= The long-term average ratio of excess losses (the portion of each shock loss above the $1,000,000
threshold) to non-excess losses is used to determine an excess loss provision.

Excess Loss Procedure

1) 2 (©) 4 ®) (6)
Number of Losses
Accident ~ Reported Losses ~ EXCESsS Ground —Up Excess of Non-Excess Excess
Year Claims Excess Losses $1,000,000 Losses Ratio
1996 $118,369,707 5 $ 6,232,939 $1,232,939 $117,136,768 1.1%
1997 $117,938,146 1 $1,300,000 $300,000 $117,638,146 0.3%
1998 $119,887,865 3 $3,923,023 $923,023 $118,964,842 0.8%
1999 $118,488,983 0 $ $ $118,488,983 0.0%
2000 $122,329,298 7 $12,938,382 $5,938,382 $116,390,916 5.1%
2001 $120,157,205 3 $3,824,311 $824,311 $119,332,894 0.7%
2002 $123,633,881 0 $ $ $123,633,881 0.0%
2003 $124,854,827 1 $3,000,000 $2,000,000 $122,854,827 1.6%
2004 $125,492,840 0 $ $125,492,840 0.0%
2005 $127,430,355 6 $13,466,986 $7,466,986 $119,963,369 6.2%
2006 $123,245,269 3 $4,642,4 $1,642,423 $121,602,846 1.4%
2007 $123,466,498 0 $ $ $123,466,498 0.0%
2008 $129,241,078 10 $17,038,332 $7,038332 $122,202,746 5.8%
2009 $123,302,570 0 $ $ $123,302,570 0.0%
2010 $123,408,837 3 $4,351,805 $1,351,805 $122,057,032 1.1%
Total $1,841,247,359 42 $70,718,201 $28,718,201  $1,812,529,158 1.6%
(7) Excess Loss Factor 1.016

(4)= (3) - [$1,000,000 x (2)]
G)=(1)-4)
(6)=(4)/(5)

(7)=1.0 + (Tot 6), and is applied to the non-excess losses for each year in the historical experience period.

Notes: The excess loss procedure is ideally performed on reported losses that have been trended to future

levels (i.e. excess losses are calculated by censoring trended ground-up losses).

Alternatively, some actuaries may fit statistical distributions to empirical data and simulate claim
experience in order to calculate the expected excess losses.
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Catastrophe Losses
Ratemaking data excludes losses arising from catastrophic events. Catastrophe losses:

= from hurricanes, tornadoes, hail storms, earthquakes, wildfires, winter storms, explosions, oil spills and
certain terrorist attacks are severe and results in a significant number of claims (unlike shock losses
from individual high severity claims)

= are defined by the Property Claims Services (PCS) unit of the Insurance Services Office (ISO) as
events that cause $25 million or more in direct insured property losses and that affect a significant
number of policyholders and insurers.

= may have alternative definitions by insurers for internal procedures.
= are removed from ratemaking data and replaced with an average expected catastrophe loss amount.
= are broken down into non-modeled catastrophe losses and modeled catastrophe losses.

Non-modeled catastrophe analysis is performed on events that occur with some regularity over decades.

Example: Hail storms (which occur with some multi-year on and off regularity) is the most common
catastrophic loss related to private passenger auto comprehensive coverage.

=  Without a non-modeled cat procedure, indicated rates will increase immediately after a bad storm year
and decrease in years having few or no storms.

= The actuary can calculate the ratio of hail storm losses to non-storm losses over a longer experience
period (e.g. 10-30 years).
= The number of years used should balance stability and responsiveness.

Example: If the concentration of exposures in the most hail-prone area of a state has increased
drastically over the past 20 years, then a cat procedure based on 20 years of statewide data
may understate the expected catastrophe potential.

Once determined, the ratio can be used to adjust the non-catastrophe losses in consideration of future
expected catastrophe loss.

Alternatively, the actuary can develop a pure premium (or loss ratio) for the non-modeled cat exposure.

= Using a pp approach, compute the long-term ratio of cat losses to exposure (or amount of insurance
years) and apply that ratio to projected exposures (or projected amount of ins years). See Appendix B.

= The loss ratio indication would be similar except the denominator of the long-term ratio would be EP,
which is inflation-sensitive and the premium would need to be brought to current rate level.

Catastrophe models are used for events that are irregular and generate high severity claims (e.g. hurricanes
and earthquakes).

= 30 years of data may not capture the expected damage these events can inflict.

=  Stochastic models are designed by professionals from a variety of fields (e.g., insurance,
meteorologists, engineers) to estimate the likelihood that events of varying magnitudes will occur and
the damages that will likely result given the insured property characteristics.

= The modeled cat loss provision is added to the non-catastrophe loss amount to determine the
aggregate expected losses to be used for pricing.

Insures writing in cat prone areas:

= may use non-pricing actions (e.g. restrict the writing of any new business, may require higher
deductibles for catastrophe-related losses, or may purchase reinsurance) in cat prone areas to control
the concentration to minimize the financial impact any one event can have on the profitability.

= may alter the underwriting profit provision in the rates to reflect the higher cost of capital needed to
support the risk caused by the higher concentration of policies.
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Reinsurance
Historically, ratemaking for primary insurance was done on a direct basis (i.e. without reinsurance consideration).

Some ratemaking analyses are now performed on a net basis (i.e. with consideration of reinsurance) as
reinsurance programs have become more extensive and reinsurance costs have increased substantially for
some lines of business.

Proportional reinsurance means the same proportion of premium and losses are transferred or “ceded” to the
reinsurer (thus, proportional reinsurance may not necessarily need to be included in the pricing consideration).

With non-proportional reinsurance:
= the reinsurer agrees to assume some % of the losses (reinsurance recoverables to the insurer)
= the insurer cedes a portion of the premium (the cost of the reinsurance).
Examples of non-proportional reinsurance include:

= cat excess-of-loss reinsurance (e.g. the reinsurer covers 50% of the losses that exceed $15,000,000 up
to $30,000,000 on their entire property book of business in the event of a cat)

= per risk excess of loss reinsurance (e.g. the reinsurer will cover the portion of any large single event
that is between $1,000,000 and $5,000,000 for specified risks).

Changes in Coverage or Benefit Levels
An insurer may:

= initiate changes in coverage (e.g. expand or contract coverage with respect to the types of losses
covered) or

= optto increase or decrease the amount of coverage offered.

Benefit levels can be impacted by a law change or court ruling (e.g. caps on punitive damages for auto liability
coverage and changes in the WC statutory benefit levels).

Benefit changes can have direct and indirect effects on losses.
= direct effects are a direct and obvious consequence of the benefit change.

= indirect effects arise from changes in claimant behavior that as a result of the benefit change (and are
more difficult to quantify than direct effects).

Example: Quantification of benefit changes.
Assume an insurer reduces the maximum amount of coverage for jewelry, watches, and furs on a standard
homeowners policy from $5,000 to $3,000. The direct effect:
= s that any claimants with jewelry, watches, and furs losses in excess of $3,000 will now only receive
$3,000 rather than at most $5,000.
= of this change can be calculated if a distribution of historical jewelry, watches, and furs losses is
available. The table below shows the how reported losses on 6 claims would be capped under the two
different thresholds.
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Direct Effect of a Coverage Limit Change
(1) 2 3)
Losses Losses
Claim Capped Capped Effect of
number @$5,000 @$3,000 Change

1 $1,100 $1,100 0.0%

2 $2,350 $2,350 0.0%

3 $3,700 $3,000 -18.9%

4 $4,100 $3,000 -26.8%

5 $5,000 $3,000 -40.0%

6 $5,000 $3,000 -40.0%
Total $21,250  $15,450 -27.3%

(1) Given

(2) = Min[(1), $3,000]
(3) =(3)/(2)-1.0

The direct effect is -27.3%.

Example: Indirect effect
Consider an example involving a decrease in coverage.

= Insureds may feel the reduced coverage is inadequate and purchase a personal articles floater (PAF) to
cover jewelry, watches, and furs.

= Ifthe HO is secondary to the PAF, the jewelry, watches, and furs losses from the homeowners policy
will be further reduced as they are now covered by the PAF.

= Since there is no way to know how many insureds will purchase the PAF and the amount of PAF
coverage they will purchase, it is very difficult to accurately quantify the indirect effect.

WC benefits are statutory and changes in these statutes can lead to direct and/or indirect effects on losses.

Statutes dictate the maximum/minimum benefits, the maximum duration of benefit, the types of injuries or
diseases covered treatments that are allowed, etc.

Consider the case where the WC wage replacement rate increases from 60% to 65% of pre-injury wages.
= the direct effect on wage replacement losses is easily quantified as +8.3% (= 65% / 60% - 1.0).

= there may be an indirect effect as workers may be more inclined to file claims and claimants may have
less incentive to return to work in a timely manner.

Example: Calculation of the direct effect of a benefit level change
Suppose the WC maximum indemnity benefit for a particular state is changing. The assumptions include:
» The compensation rate is 66.7% of the worker’s pre-injury wage.
e The state average weekly wage (SAWW) is currently $1,000.
*  The minimum indemnity benefit remains at 50% of the SAWW.
e The maximum indemnity benefit is decreasing from 100% of the SAWW to 83.3% of the SAWW.
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The distribution of workers (and their wages) according to how their wages compare to the SAWW is as follows:
Benefit Example

Ratio to Total
Average # Weekly
Weekly workers Wages
Wage
<50% 7 $3,000
50-75% 24 $16,252
75-100% 27 $23,950
100-125% 19 $23,048
125-150% 12 $16,500
>150% 11 $17,250
Total 100 $100,000

Calculate the direct effect of the benefit level change.
The key is to calculate the benefits provided before and after the change.

The minimum benefit is 50% of the SAWW ($1,000) which equals $500 (= $1,000 x 50%).

The minimum benefit of $500 applies to workers who earn less than 75% of the SAWW
(i.e. $500 = 66.7% x 75% x $1,000), given the current compensation rate of 66.7%.

The aggregate benefits for 31 (= 7 + 24) employees in this category are $15,500 (= 31 x $500).

The maximum benefit is 100% of the SAWW ($1,000) and thus equals $1,000 (= $1,000 x 100%).

The maximum benefit of $1,000 applies to workers who earn more than 150% of the SAWW
(i.e. $1,000 = 66.7% x 150% x $1,000), given the current compensation rate of 66.7%.

The aggregate benefits for the 11 employees in this category are $11,000 (= 11 x $1,000).

The remaining 58 (= 27 + 19 + 12) employees fall between the minimum and maximum benefits.

This means their total benefits are 66.7% of their actual wages or $42,354 (= (66.7% x 23,950 )
+(66.7% x 23,048 ) + (66.7% x 16,500 ) ).

The sum total of benefits is $68,854 (= $15,500 + $11,000 + $42,354) under the current benefit structure.

Once the maximum benefit is reduced from 100% to 83.3% of the SAWW, more workers will be subjected
to the new maximum benefit.

Workers earning approximately >125% of the SAWW are subject to the maximum (i.e. $833.75 = (66.7%
X 125% x $1,000) > $833). These 23 (= 11 + 12) workers will receive $19,159 (= 23 x $833) in benefits.

Workers subject to the minimum benefit, 31, are not impacted by the change, and their benefits remain
$15,500.

There are now only 46 (= 27 + 19) employees that receive a benefit equal to 66.7% of their pre-injury wages or:
$31,348 (= (66.7% x 23,950) + (66.7% x 23,048)) because more workers are now impacted by the maximum.
The new sum total of benefits is $66,007 (= 19,159 + 15,500 + 31,348).

The direct effect from revising the maximum benefit is -4.1% (= 66,007 / 68,854 — 1.0).
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Benefit Example

1) ) 3 4) 5)
Ratio to Total Current  Proposed
Average \workers Weekly Benefits Benefits

Wage Wages

<50% 7 $3,000 $3,500 $3,500
50-75% 24 $16,252 $12,000  $12,000
75-100% 27 $23,950 $15,975 $15,975
100-125% 19 $23,048 $15,373  $15,373
125-150% 12 $16,500 $11,006 $9,996
>150% 11 $17,250 $11,000 $9,163
Total 100 $100,000 $68,854  $66,007

(6) Benefit Change -4.1%

(4)= < Min: (2) x $500, Other (3) x 0.667 > Max: (2) x 1,000
(5)= < Min: (2) x $500 Other (3) x 0.667 >Max: (2) x $833
(6)=(Tot5)/(Tot4)-1.0

There may also be an indirect effect if the max indemnity benefit is decreased.

Assuming there is no data to estimate the indirect effect, it needs to be determined judgmentally (the strength
of the indirect effect is a function of the economic environment, the nature of the insured population, etc).

Recall that a benefit change may affect:
(1) all claims on or after a certain date or
(2) claims arising from all policies written on or after the date.

The needed adjustment is different in each case and the techniques for calculating the adjustment are similar to
the parallelogram method for deriving on-level premium.

Example: Benefit Change Loss Adjustment Factor

The figure below shows a law change implemented on 8/15/2010 that only affects losses on policies written on
or after 8/15/2010. The direct effect of the change for annual policies on an AY basis is estimated at +5%.

2010 2011
100% ===T===" ~==7=== === =[5

*
’
ra
-
-
o

<

50% &

Eamed

% of Policy

-
-
*
i

0%

8/15/10
5% Change

= The pre-change loss level is 1.00 and post-change loss level is 1.05.

= Since scenario (1) applies, the line dividing the losses into pre- and post-change is a diagonal line
representing a policy effective on the date of the law change.

= Note that the calendar accident years have been divided into accident quarters.
Current Loss Level
Average Loss Level of Historical Period

The benefit change loss adjustment factor is Adjustment =
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Focusing on the third quarter of 2010, the portion of losses assumed to be pre- and post-change are as follows:
» 3Q 2010 Post-change: 0.0078 = 0.50 x 0.125 x 0.125
* 3Q 2010 Pre-change: 0.2422 = 0.25 - 0.0078

The adjustment factor for 3rd quarter 2010 reported losses is

Adjustment = 105 =1.0484

1.00*(0.2422j+1.05*(o.0078]
0.2500 0.2500

The adjustment factors for the reported losses from all other quarters are calculated similarly.
Example: How to measure the same law change on a policy year basis.
Affect on Losses on New Annual Policies (PY Basis)

S2009

1 00%,

)

23

& E 50%

om

0% <
8/15/10
5% Change
The adjustment factor applicable to the third quarter 2010 policy quarter reported losses is:
. 1.05
Adjustment = =1.0244
* *
Loo+[ 050*0.25) ., (0.50*0.25
0.25 0.25

= Reported losses from quarters prior to the third quarter need to be adjusted by a factor of 1.05.

= Reported losses from quarters after the third quarter are already being settled in accordance with the
new law, and need no adjustment.

Example: A benefit change affecting all losses occurring on or after 8/15/2010 (regardless of
the policy effective date).

Affects all New Losses (AY Basis)

; 201 2
LO0%, === T --..JJ‘U """"
i
Y i
ST .. :
& E 50% 1
4 !
om i
= :
1
1
. 1
%% 1
8/15/10
5% Change

i. The adjustment factor applicable to the third accident quarter 2010 losses is as follows:

Adjustment = 105 =1.0244

* *
1.00*(0'50 0.25j +1_05*(o.5o o.25j
0.25
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Affects all New Losses (PY Basis)

100% 1

-

50%

o5 of Policy
Eamed

0%

8/15/10
5% Change

ii. The adjustment factor applied to third policy quarter 2010 losses is
1.05

=1.0015

Adjustment=

1.00 0.078 +1.05 0.2422

0.2500 0.2500
Actuaries can access industry sources to determine the effects of benefit level changes also (e.g. NCCI
publishes estimated industry effects of benefit level changes at the state level_.

Loss Development
Loss development adjusts immature losses to an estimated ultimate value.
A brief explanation of one commonly used method, the chain ladder method, is given below.

The chain ladder method assumes losses move from unpaid to paid in a consistent pattern over time (hence
historical loss development patterns can be used to predict future loss development patterns).

= The method can be performed separately on claim counts and losses to generate ultimate values of
each.

= The analysis can be done on various types of claims (e.g. reported, open, closed) and losses (e.g. paid
and reported), and to allocated loss adjustment expenses.

For most lines of business, developing reported losses including ALAE is used.

Loss development should be performed on a set of homogeneous claims.

= This can be a line of business or on a more granular level (e.g. coverages or types of losses within that
line of business).

= Liability claims and property claims are typically analyzed separately.
= Experience by geography (e.g. state) may also be analyzed separately where there is sufficient volume.
Extraordinary losses should be removed and the losses should be adjusted for any material benefit changes.

Claims data or loss data is organized in a triangle format as shown below:
In this example:
= Each row is a different AY.

= Columns represent each AYs reported losses at successive maturities (starting at 15 months and
increasing in annual increments).

= Losses are assumed to be at ultimate levels at 75 months (so no more columns are required), however
for other lines of business, ultimate may not be reached for many more years.

= Each diagonal represents a date as of which losses are evaluated (the valuation date) (e.g. the latest
diagonal represents a valuation date of 3/31/2008)
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Loss Development Triangle
Reported Losses ($000s) by AY Age (months)

Accident Year 15 27 39 51 63 75
2002 1,000 1,500 1,925 2,145 2,190 2,188
2003 1,030 1,584 2,020 2,209 2,240
2004 1,061 2,070 2,276
2005 1,093 1,651 2,125
2006 1,126 1,662
2007 1,159

The boxed value is the reported losses for accidents occurring in 2004 at 27 months of maturity (i.e. losses
paid and case reserves held as of 3/31/2006 for accidents occurring in 2004).

Prior to reviewing development patterns:

Review the magnitude of losses at first development age, 15 months, to see if loss levels at this early stage
are consistent from year to year, with consideration for loss trends and any changes in the portfolio.

i. If loss levels are different than expected, examine a similar triangle of claim counts to see if larger or
smaller than usual number of claims was reported for a particular AY.

ii. Inconsistent patterns at first development period may be expected for small portfolios or long-tailed lines
of business.

The development pattern is analyzed by taking the ratio of losses held at successive maturities (e.g. the link
ratio or the age-to-age development factor).

The following data triangle shows the link ratios for each accident year row as well as the:
= arithmetic average
= geometric average
= volume-weighted average (the ratio of total reported losses at successive maturities across all AYs)

Age-to-Age Development Factors
Accident Year 15-27 27-39 39-51 5163 63-74
2002 1.50 1.28 1.11 1.02 1.00
2003 1.54 1.28 1.09 1.01
2004 1.33 1.10
2005 151 1.29
2006 1.48
2007 --
Arithmetic average  1.50 1.30 1.10 1.02 1.00
Geometric average  1.50 1.29 1.10 1.01 1.00
Ratio of total losses 1.50 1.29 1.10 1.02 1.00
Selected factor 1.50 1.30 1.10 1.02 1.00

The geometric average is the nth root of the product of n numbers.

The “ratio of total reported losses at successive maturities” compares the sums of an equal number of losses from each maturity (i.e.,
the most recent losses for the earlier maturity are not considered).

The boxed value shows that AY 2004 losses developed 47% (= 1.47 — 1.0) from age 15 months to age 27 months.
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Age-to-Age loss development factor (a-t-a LDF) selection:

The ratemaking actuary selects a suitable link ratio for each maturity (since the link ratios for each development
period are fairly consistent across the AYs, the all-year arithmetic average link ratios are selected).

A-t-A LDFs in practice may not be as stable as outlined above:

= If the ratemaking actuary believes patterns may be changing over time, the actuary may prefer to rely on
more recent development patterns, and select a two- or three-year average.

= Ifthere is a desire to select based on the most recent data, but the line of business is to too volatile to
rely solely on a two- or three-year average, calculate weighted average link ratios giving more weight to
the more recent years.

= |f A-t-A factors vary widely between AYs or there may be a strong anomaly in one or two AYs, consider
adjusted averages that eliminate the highest and lowest development factors from the calculation.

Loss Development:

= Reported losses develop upward as losses approach ultimate (due in part to the emergence of new
claims as well as adverse development on known claims).

= In some lines of business, development may be negative:

i. In auto physical damage coverages, an insurer may declare a vehicle a total loss (i.e. pay the total
limit for the car), take the damaged car, and sell it as scrap or for parts. The money received is
called “salvage” and is treated as a negative loss.

ii. When insurers pay losses for which another party is actually liable, it can approach the responsible
party for indemnification of those amounts (called subrogation).

Thus, when subrogation or salvage are common, or when early case reserves are set too high, age-to-
age development factors can be less than 1.00.

While this example assumes losses are ultimate at 75 months, for some lines of business, the historical data
triangle may not reach ultimate.

Here, actuaries may fit curves to historical development factors to extrapolate the development beyond the
patterns in the historical data.

A ‘tail factor’ accounts for additional development beyond that included in the standard chain ladder method.

Adjustments to Historical Data:
= Remove extraordinary losses from the historical data used to measure loss development patterns.
= Benefit or coverage changes may also distort loss development patterns.

i. Since benefit changes often affect policies prospectively, the effect of the change will first appear in a
new AY row.

ii. If the change impacts all claims occurring on or after a certain date, it is possible there will be a
change in the absolute amount of losses even though the development pattern is unaffected.

If it is not possible to restate the losses, any such distortions should be considered during the a-t-a Idf
selection process.

Next Step: Calculate age-to-ultimate development factors (a-t-u Idf) for each maturity.

= The a-t-u Idf is the product of each selected a-t-a Idf and the selected a-t-u Idf for subsequent maturities
(and the tail factor, if relevant).

= Example, a-t-u Idf for losses at age 51 months is the product of the selected age-to-age development
factors for 51-63 months and 63-75 months (1.02 x 1.00).
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Next Step: Apply the a-t-u Idfs to the reported losses at the most recent period of development (the latest diagonal in
the reported loss triangle) to yield estimated ultimate losses for each AY as shown below:

Adjusting Reported Losses to Ultimate

1) 2) 3) 4) =(2*()

Accident Reported Age-to- Estimated
Year Age Losses Ultimate Ultimate
Accident (Months a/0) ($000s) Development Losses
Year 3/31/08) al/o 3/31/08 Factor ($000s)
2002 75 $2,188 1.00 $2,188
2003 63 $2,240 1.00 $2,240
2004 51 $2,276 1.02 $2,322
2005 39 $2,125 1.12 $2,380
2006 27 $1,662 1.46 $2,427
2007 15 $1,159 2.19 $2,538
Total $11,650 $14,095

The chain ladder method is only one method for calculating loss development, and assumes that historical
emergence and payment patterns are indicative of patterns expected in the future.

Changes in (claims handling methodology or philosophy) or ( dramatic changes in claims staffing) may result in
claims being settled faster or slower than historical precedents, and would violate the basic assumption of the
chain ladder method.

Other methods to develop losses to ultimate:

= The Bornhuetter-Ferguson (B-F) method incorporates a priori assumptions of the expected loss ratio in
order to calculate ultimate losses and consequently the outstanding reserve at a point in time (see
Appendix C)

= The Berquist-Sherman (BS) method is used when an insurer has experienced significant changes in
claim settlement patterns or adequacy of case reserves that would distort development patterns.

The method produces adjusted development patterns estimated to be consistent with the reserve
levels and settlement rates present as of the last diagonal by restating historical development data.

= Stochastic methods (e.g. the Mack method) study variability around loss development so actuaries can
better understand the risk of adverse development.

These methods are covered in more detail in literature regarding loss reserving methodologies.

Loss Trend

It is necessary to adjust the losses for trends expected to occur between the historical experience period and
the period for which the rates will be in effect (in addition to projecting historical losses to an ultimate level).

Changes in frequency and severity are referred to as loss trends, and available data to estimate the loss
trends should be used to project historical losses.
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Loss Trend Selections

1. Monetary inflation, increasing medical costs, and advancements in safety technology are examples of
factors that can drive loss trends.

2. Social influences also impact loss costs.

ASOP 13, Trending Procedures in P&C Insurance Ratemaking defines social influences as “the impact on
insurance costs of societal changes such as changes in claim consciousness, court practices, and legal
precedents, as well as in other non-economic factors.”

3. Distributional changes in a book of business also affect frequencies and severities (e.qg. if the proportion of
risky policies is growing, loss costs will be expected to increase).

Loss Trend Measurement
Actuaries measure loss trend by fitting curves to historical data.

Frequency and severity are analyzed separately to better understand the drivers of the trend (in addition to
analyzing pure premium data).

If an insurer heavily markets a higher deductible, the resulting shift in distribution will lower frequencies but
is likely to increase severities (which is difficult to detect in a pure premium analysis).

The years chosen to review is based on the actuary’s judgment (considering responsiveness and stability).

= Influences (e.g. the cyclical nature of insurance and random noise) may be difficult to eliminate from
the trend analysis.

= The actuary should, however, adjust the trend data for more easily quantifiable (e.g. seasonality and
the effect of benefit level changes)

Different lines of business call for different or multiple views of the losses for analyzing trend.

i. In stable, short-tailed lines of business (e.g., automobile physical damage), the actuary typically analyzes
CY paid losses for the 12 months ending each quarter.

CY data is readily available, the paid loss definition eliminates any distortion from changes in case
reserving practices, and the use of 12-month rolling data attempts to smooth out the effect of seasonality.

ii. In more volatile and long-tailed line of business (e.g. WC medical) analyze the trend in AY reported losses
that have already been developed to ultimate and adjusted for benefit changes.

Perform a trend analysis on a set of homogeneous claims:
i. Separate indemnity and medical losses within WC insurance.
ii. Analyze liability claims and property claims separately.
iii. Analyze experience by geography (e.g. state) separately.

Types of trend measurement:
Linear and exponential regression models are the most common methods used to measure the trend.

= Linear models result in a projection that increases by a constant amount for each unit change in the
ratio measured (e.g. claim severities).

A linear model will eventually project negative values when measuring decreasing trends, and since a
negative frequency or severity does not occur in insurance, this is a shortcoming of linear trend
models.

= Exponential models produce a constant rate of change in the ratio being measured.
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The following shows the result of an exponential curve fit to different durations of CY paid frequency, severity,
and pure premium data for the 12 months ending each quarter.

Exponential Loss Trend Example

Year Closed Annual Annual Annual
Ending Earned Claim Paid % % Pure %
Quarter  Eyposure  Count Losses Frequency Change | Severity Change| Préemium  change
Mar-09 131,911 7,745 $8,220,899 0.0587 -- $,061.45 -- $62.32 --
Jun-09 132,700 7,785 $8,381,016 0.0587 -- $1,076.56 -- $63.16 --
Sep-09 133,602 7,917 $8,594,389 0.0593 - $ 1,085.56 -- $64.33 --
Dec-09 135,079 7,928 $8,705,108 0.0587 -- $ 1,098.02 -- $64.44 --
Mar-10 137,384 7,997 $8,816,379 0.0582 -0.9% $1,102.46 3.9% $64.17 3.0%
Jun-10 138,983 8,037 $8,901,163 0.0578 -1.5% $1,107.52 2.9% $64.04 1.4%
Sep-13 141,800 7,755 $8,702,135 0.0547 -0.7% $1,122.13 2.3% $61.37 1.5%
Dec-13 142,986 7,778 $8,761,588 0.0544 -0.9% $1,126.46 3.0% $61.28 2.1%

Number of Frequency Severity Pure Premium

Points Exponential Fit | Exponential Fit Exponential Fit
20 point -1.7% 0.5% -1.2%
16 point -1.3% -0.1% -1.4%
12 point -0.7% -0.2% -0.9%
8 point -1.2% 1.2% -0.1%
6 point -0.9% 2.5% 1.6%
4 point -1.5% 3.3% 1.9%

As shown above, separate exponential models may be fit to the whole of the data and to more recent periods.
If separate frequency and severity trends are selected, these are used to compute a pure premium trend

(e.g. a -1% selected frequency trend and a +2% selected severity trend produce a +1%
(=(1.0- 1%) x (1.0 + 2%) - 1.0) pure premium trend.

Exclude catastrophe losses from the loss trend analysis data.

Changes in benefit levels can affect trend analyses. Therefore, if the historical data to which loss trends will be
applied is restated to reflect the new benefit level, then either:

= data adjusted for benefit level should be used for the trend analysis, or
= the trend analysis must remove the impact of the benefit level change.
Care must be taken not to “double count” the benefit level change in the projected losses.

Is the historical data is overly volatile or inappropriate for trending purposes? For example:
= the data may be too sparse or reflect non-recurring events that cannot be appropriately adjusted.
= the statistical goodness of fit of the trending procedure may be called into question.

Circumvent the problem by:

= supplementing the loss trend data with multi-state, countrywide, or industry trend data and consider
weighting the results.

= consider non-insurance indices (e.g. the medical component of the CPI (Consumer Price Index) may
be relevant when selecting severity trends for products related to medical expense coverage.

Also, more sophisticated techniques (e.g. econometric models and generalized linear models) may be
employed for quantifying loss trends.
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Loss Trend Periods
The loss trend period is the period of time from the average loss occurrence date of each experience period
(often a calendar-accident year, CAY) to the average loss occurrence date for the period in which the rates will
be in effect (i.e. the forecast period, which is a policy year or years).

The average loss occurrence date depends on the policy term and the duration the new rates will be in effect.

Assume the following:
» The losses to be trended are from AY 2011.
e The company writes annual policies.
» The proposed effective date is January 1, 2015.
» The length of time the rates are expected to be in effect is one year.

The average loss occurrence date of CAY 2011 (called the “trend from” date) is 6/30/2011.
The average accident date for PY 2011 is 12/31/2011, as polices are in effect over a 24-month period.
The average loss occurrence date during the forecast period (called the “trend to” date) is 12/31/2015.

This is because last policy to be written will be on 12/31/2015, and losses can continue to occur until
12/31/2016, so the midpoint of that two-year time period is 12/31/2015.

Thus, the trend period for CAY 2011 is 4.5 years.
7111 f\\:{l’:j 1715

| Loss Trend Factor — 4.5 years

L
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The pure premium trend (+1%) is applied to CAY Year 2011 losses by multiplying the historical losses by
(1.01)*° (which is the trend factor).

If the policy term were semi-annual, the “trend from” date would not change, but the “trend to” date would

be different.
Coverage for policies written between 1/1/2015 and 12/31/2015 would extend over an 18-months, of which

the midpoint would be 9 months (i.e. 9/302/015). The trend length would be 4.25 years as shown below.
Loss Trend Period for 6-month Policy Term
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If data were aggregated by PY:

Los

the average loss occurrence date for an annual policy term would be one year after the start of the PY, as

policies are in effect over 24-months.
the “trend to” date is the average loss occurrence date for the PY in which rates will be in effect.
Therefore, the trend period for PY 2011 annual term policies is 4 years (1/1/2012 to 12/31/2015), as

shown below.

s Trend Period for 12-month Policy Term and PY experience period
i 12531115
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‘ Loss Trend F actor — 4 years ;}
L~
| PY 11 Losses PY 13 Losses
PY 11 PY 13

100%

Y% of Policy
lerm Expired
w
f=)

2
5

0%
T ' ' } ! : }
1/1/10 1111 1/1/12 1/1/13 1/1/14 1/1/15 1/1/16 17117

The PY2011 trend factor, applied to PY 2011 losses, is 1.0406 ( = 1.01*9).

Exhib

it 6.18 (below) shows the same PY scenario but with semi-annual policies.

Both the “trend from” and “trend to” dates are 3 months earlier than the annual policy scenario since the
average occurrence date for semi-annual policies is 9 months after the start of the PY.

Thus, the trend length remains the same as in the annual policy scenario and is still 4 years.

Loss Trend Period for 6-month Policy Term and PY experience period
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i §

trend selection is based on a linear trend, the selected trend is a constant amount rather than a %.

The projected dollar change = (the selected annual trend) * (the length of the trend period).

Assuming the selected annual pure premium linear trend is $1.00 per year, then the dollar increase due to 4
years of trend is $4.00 (= $1.00 x 4.0).

The actuary may choose to undertake a two-step trending process.

This is beneficial when the trend in the historical experience period and the expected trend for the
forecast period are not equal.

For example, legislative changes in the trend data call for a 2-step trending process if the trend
exhibited in the historical period is clearly different from that expected in the future.
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In the exponential trend data shown above, historical severity trend exhibits a different pattern in more recent
periods than in earlier years.
= The losses in the experience period are trended from the average accident date in the experience
period to the average accident date of the last data point in the trend data. Example:
The average loss occurrence date of CAY 2011 is 6/30/2011. If the last data point in the loss trend data
is the 12 months ending fourth quarter 2013, the average accident date of that period is 6/30/2013.
If the selected step 1 trend is -1%, the factor to adjust CAY 2011 losses to the end of the experience
period is 0.98 (= (1.0 - 1%)?).
= Next, these trended losses are projected from the average accident date of the last data point in the
trend data (the “project from” date of 6/30/2013) to the average loss occurrence date for the forecast
period (the “project to” date of 12/31/2015). The length of this projection period is 2.5 years.

If the trend selection is 2%, step 1 trended losses are adjusted by a factor of 1.05 (= (1.0 + 2%)
Two-Step Trend Periods for 12-month Policy
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When using CY data to measure loss trend, it is assumed that the book of business is not significantly
increasing or decreasing in size. Problems with this assumption are:
= claims (or losses) in any CY may have come from older AYs, but are matched to the most recent CY
exposures (or claims).
= achange in exposure levels causing changes in the distribution of each CY’s claims by accident year.

The solution is to match the risk with the appropriate exposure.
1. Use econometric techniques or generalized linear models to measure trend, which will absorb changes in
the size of the portfolio as well as changes in the mix of business.

2. Measure the trend using AY data (in lieu of CY data). The AY losses (or claim counts) need to be developed
to ultimate before measuring the trend, which introduces subjectivity into the trend analysis.

3. Analyze the trend in incremental CY frequencies or severities.
Assume CY 2010 has paid losses on claims from AYs 2010, 2009, and 2008.
i. CY 2010 frequency is the sum of all [paid claim counts in CY 2010/ CY 2010 exposures].
ii. Alternatively, CY 2010 frequency is the sum of the following three incremental CY 2010 frequencies:
e [CY 2010 paid claim counts from AY 2010/ CY 2010 exposures]
» [CY 2010 paid claim counts from AY 2009 / CY 2009 exposures]
e [CY 2010 paid claim counts from AY 2008 / CY 2008 exposures]

The alternative method properly matches older claim counts to older exposures and is valid whether the
portfolio is changing or not.
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Leveraged Effect of Limits on Severity Trend

When loss experience is subject to limits, consider the leveraged effect of those limits on the severity trend.
Basic limits losses are losses that have been censored at a limit referred to as a “basic limit.”

Total limits losses are losses that are uncensored

Excess limits losses are the portion of the losses that exceed the basic limit (or the difference between total
limits and basic limits losses). It is important to understand that severity trend affects each of these differently.

Consider the following simple example in which every total limits loss is subject to a 10% severity trend.
Effect of Limits on Severity Trend

1) (2) 3) (4) (5) (6) ) (8) 9)
Trended Losses
Total Losses Capped @ $25,000

Claim Limits ~ Capped @  Excess Total Limits Excess Losses
Number Loss $25,000 Losses Loss Trend Loss Trend Loss Trend
1 $10,000 $10,000 $ - $11,000 10.0% | $11,000 10.0% | $- N/A
2 $15,000 $15,000 $- $16,500 10.0% | $16,500 10.0% | $- N/A
3 $24,000 $24,000 $ - $26,400 10.0% | $25,000 4.2% | $1,400 N/A
4 $30,000 $25,000 $ 5,000 | $33,000 10.0% | $25,000 0.0% | $8,000 60.0%
5 $50,000 $25,000 $25,000 | $55,000 10.0% | $25,000 0.0% | $30,000 20.0%
Total $129,000 $99,000 $30,000 | $141,900 10.0% | $102,500 3.5% | $39,400 31.3%

(2)=min [(1), $25,000] (3) = (1) - (2) (¥ =(1)x 1.10 (5)=(4)/(1)- 1.0 (6)=min [ (4) , $25,000]
(1=®)/(2)-1.0 (8)=(4)-(6)

The 10% trend in total limits losses affects basic limits losses and excess losses differently.
Basic Limits:
The 10% total limit trend is reduced to 3.5% when considering the basic limits losses.

= The two smallest losses (Claims 1 and 2) are well below the $25,000 limit before and after the 10%
increase.

= Claim 3 was below $25,000 before trend was applied, but above the basic limit after applying trend.

» Claims 4 and 5 were already in excess of $25,000, so the amount of loss under the limit is the same
before and after trend.

Excess Limits:
The impact of positive trend on excess losses is greater than the total limits trend.
= Claims 1 and 2 are significantly below the limit and do not impact the trend in the excess layer.
» Claim 3 was below $25,000 before trend was applied, but above the basic limit after applying trend.

»= Since claims 4 and 5 were already higher than the basic limit, the entire increase in losses associated
with these claims is realized in the excess losses trend.
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Effect of Limits on Severity Trend

Initial Loss Size Basic Limits Total Losses Excess Losses
Limit Trend Trend Undefined
Loss < ——M—
1.0+Trend
Limit L Limit Trend Undefined
———— < Loss < Limit -1.0
1.0+ Trend Loss
Limit < Loss 0% Trend [Lossx(1.0+Trend)]— Limit
Loss — Limit

Given positive trend, then Basic Limits Trend < Total Limits Trend <_ Excess Losses Trend.
Given negative trend, then Excess Losses Trend < Total Limits Trend < Basic Limits Trend.

Final notes:

= If severity trends are analyzed on total limits loss data, the indicated trend must be adjusted
before it is applied to basic limits losses for ratemaking purposes.

= Alternatively, use basic limits data in analyzing severity trend.

= Deductibles also have a leveraging effect on severity trend. The mathematics is analogous to
excess losses except that the censoring is done below the deductible rather than above the limit.

Coordinating Exposure, Premium, and Loss Trends

It is important to make sure that all components of the formula are trended consistently.

When deriving a pure premium rate level indication, three types of trends that are considered are:
= changes in the likelihood of a claim happening,
= changes in the average cost of claims, and
= changes in the level of exposure.

When the insurer’s internal frequency and severity trend data is used as the basis of the loss trend, changes in
frequency (i.e.# of claims / exposure) account for the net effect of (1) the change in the probability of having a
claim and (2) the change in exposure. This also holds when analyzing pure premium data.

When using inflation-sensitive exposure bases, the inflation on the exposure can mask part or all of the change
in the likelihood of claims occurring.

To remove the effect of the changing exposure, examine historical frequencies (or pure premiums) that have
been adjusted for exposure trend (i.e. the denominator has been adjusted by the exposure trend).

When deriving a loss ratio indication, examine patterns in historical adjusted loss ratios.
= This is the ratio of losses adjusted for development, benefit changes, and extraordinary losses
compared to premium adjusted to current rate level. This produced a “net” trend.
= Based on the pattern in adjusted loss ratios, the actuary selects a loss ratio trend to adjust the historical
loss ratios to the projected policy period.
= One shortcoming of this approach is that trends in adjusted loss ratios over time may not be stable, and
it can be more difficult to understand what may be driving the results.
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It may be preferable to examine the individual components of the loss ratio statistic (i.e. frequency, severity, and
average premium) and adjust each component to get a better understanding of how each individual statistic is
changing and therefore how the entire loss ratio statistic is changing.

Insurers may use external indices to select loss trends (e.g. a WC insurer may use an external study as the
basis to estimate the expected increase in utilization and cost of medical procedures)

= However, the loss trend selection does not implicitly account for any expected change in the insurer’s
premium or exposure due to an inflation-sensitive exposure base.

= Thus, the exposure or premium needs to be adjusted to reflect any expected change in exposure.

Appendices A-F highlight some of the different approaches.

= The auto and homeowners examples do not have inflation-sensitive exposure bases and use internal
trend data, however, the homeowners example does include a projection of the amount of insurance
years, which is necessary for the projection of the non-modeled catastrophe loading.

= The medical malpractice loss ratio example includes a net trend approach. Trend selections are made
using internal data. Since the “frequency” is number of claims divided by premium, the frequency
selection accounts for pure frequency trend as well as premium trend.

= The WC example separately applies loss and exposure trend.
Overlap Fallacy: Loss Development and Loss Trend
Trending restates past losses to the level expected during the future period due to inflation and other factors.

Loss development brings immature losses to their expected ultimate level.

While it is true that loss development incorporates inflationary pressures that cause payments for reported
claims to increase over time, this does not prove overlap.

The timeline below shows how losses are trended and developed.

Adjust Actual Loss to Prospective Loss > Develop Prospective Losses >

(30 Months) (18 Months)
CAY 10 712
100%% PY 12
I
g2 7/1/10 12/31/11
o & , Historical Historical 12/31/12 6/30/14
o 0% Loss Loss Prospective Prospective
2 :-E_; Occurs Setiles Loss Oceurs Loss Settles
T
0% } i I I I
1/1/10 1/1/11 1/1/12 1/1/13 1/1/14
L Y | L y ]
1 8 Months to Settle I'8 Months to Settle
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Given the following:
= The historical experience period is CAY 2010.
= The average date of claim occurrence is 7/1/2010.

= Assume it is typical for claims to settle within 18 months, so this “average claim” will settle on
12/31/2011.

= The projection period is the policy year beginning 1/1/ 2012 (i.e. rates are expected to be in effect for
annual policies written from 1/1/2012 — 12/31/2012).

= The average hypothetical claim in the projected period will occur on 1/1/2013, and settle 18 months
later on 6/30/2014 (i.e. consistent with the settlement lag of 18 months).

Key comments:

Trend adjusts the average historical claim from the loss cost level that exists on 7/1/2010 to the loss cost level
expected on 1/1/2013.

Development adjusts the trended, undeveloped claim to the ultimate level, expected to occur by 6/30/2014.

This 48 month period represents 30 months of trend to adjust the cost level to that anticipated
during the forecast period and the 18 months of development to project this trended value to its
ultimate settlement value.

5 Loss Adjustment Expenses 121 -122

LAE are all costs incurred by a company during the claim settlement process.
LAE have been divided into two categories:

= Allocated loss adjustment expenses (ALAE) are costs that can be related to individual claims (e.g. legal
fees to defend against a specific claim or costs incurred by a claim adjuster assigned to one claim)

= Unallocated loss adjustment expenses (ULAE) are those that are more difficult to assign to particular
claims (e.g. claim department salaries).

In 1998, the insurance industry introduced new LAE definitions; costs are now split into defense cost and
containment (DCC) expenses and adjusting and other (A&QO) expenses.

= DCC expenses include costs incurred in defending claims, including expert witness fees and other
legal fees.

= A&O include all other expenses.

Despite the change in U.S. financial reporting definitions, this text will refer to the subdivisions of ALAE
and ULAE, which are more commonly used in ratemaking.

In general, ALAE or DCC vary by the dollar amount of each claim, while ULAE or A&O vary by the number of
claims reported.

= ALAE are often included with losses for ratemaking purposes (e.g. for loss development and trend).

= In commercial lines, actuaries often study development and trend patterns separately for loss and ALAE,
when ALAE are significantly high or in order to detect any changes in ALAE patterns.

= |Is ALAE subject to the policy limits or not? This does not affect the treatment of ALAE in a ratemaking
context, but it emphasizes the need to understand whether the ALAE data retrieved is the entire ALAE or
only the portion included within the policy limits.
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ULAE are more difficult to incorporate into the loss projection process.

Assume ULAE expenditures track with loss dollars consistently over time, both in terms of rate of payment and
in proportion to the amount of losses paid.
Calculate the ratio of CY paid ULAE to CY paid loss plus ALAE over several years (e.g. three years or longer,
depending on the line of business).
= This ratio is applied to each year’s reported loss plus ALAE to incorporate ULAE.
= The ratio is calculated on losses that have not been adjusted for trend or development as this data is
readily available for other financial reporting.

= The resulting ratio of ULAE to loss plus ALAE is then applied to loss plus ALAE that has been adjusted
for extraordinary events, development, and trend.

ULAE Ratio
(1) (2) (3)

Calendar Paid Loss ULAE
Year And ALAE Paid ULAE Ratio
2008 $ 913,467 $144,026 15.8%
2009 $1,068,918 $154,170 14.4%
2010 $1,234,240 $185,968 15.1%
Total $3,216,625 $484,164 15.1%
(4) ULAE Factor 1.151

3=/ (4) = 1.0 + (Tot3)

Catastrophic events can cause extraordinary loss adjustment expenses (e.g. a company setting up temporary
offices in the catastrophe area).

= Since these costs are significant and irregular, the historical ratio will be distorted

= Thus cat LAE are generally excluded from the standard ULAE analysis and are determined as part of the
catastrophe provision.

The method described above is a dollar-based allocation method. Other allocation methods are:
= Count-based allocation methods that assume the same kinds of transactions cost the same amount
regardless of the dollar amount of the claim, and that there is a cost associated with a claim remaining
over time.
= Time studies showing how claim adjusters spend their time working on what types of claims, what
types of claim activities, lines of business, etc.
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6 Key Concepts

122 - 123

1. Loss definitions
a. Paid loss
b. Case reserves
c. Reported loss
d. Ultimate loss

2. Loss aggregation methods
a.CY
b. Calendar-accident year
c. Policy year
d. Report year

3. Common ratios involving losses
a. Frequency
b. Severity
c. Pure premium
d. Loss ratio
4. Extraordinary losses
5. Catastrophe losses
a. Non-modeled catastrophes
b. Modeled catastrophes
6. Reinsurance recoveries and costs

7. Changes in coverage or benefit levels

8. Loss development
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The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner,
G. and Modlin, C. were numerous. While past CAS questions were drawn from prior
syllabus readings, the ones shown below remain relevant to the content covered in this
chapter.

Section 1: Loss Trending and Loss Development
Questions from the 1996 Exam:
Question 30. (4 points) You are given:

Wisconsin Personal Automobile Bodily Injury

20/40 Basic Limits

Calendar/  Ultimate Rate Level History

Accident Loss & Written Earned Effective % Rate
Year ALAE Premium Premium Date Change
1992 325,000 750,000 375,000 1/1/91 +7.0%
1993 575,000 1,000,000 875,000 10/1/93 +5.0%
1994 800,000 1,250,000 1,125,000 7/1/94 +3.0%
Combined 1,700,000 3,000,000 2,375,000 1/1/95 +5.0%

» Target Loss and ALAE ratio 69.0%
» Countrywide 20/40 Indicated  +5.0%
* Proposed effective date 1/1/96
» The filed rate will remain in effect for one year.
« All policies are annual.
» Annual 20/40 severity trend 5.0%
» Annual 20/40 frequency trend  -1.0%
« Statewide credibility 50.0%
Using the techniques described by McClenahan, "Ratemaking," Foundations of Casualty Actuarial Science:

(@) (2 points) Calculate the on-level earned premium for the experience period 1992-1994.
(b) (1 point) Calculate the trended on-level loss and ALAE ratio for the experience period 1992-1994.
(c) (1 point) Calculate the indicated rate level change for Wisconsin.

Question 36. (3 points)

Rate Implementation

Change Date Type of Change
+8% 5/1/94 Experience
+15% 7/1/95 Law Amendment
-10% 7/1/95 Experience
+5% 4/1/96 Experience

* Policies are written uniformly throughout the year.

According to Feldblum, "Workers' Compensation Ratemaking:"
(&) (2 points) Calculate the premium adjustment factor to bring policy year 1995 premium to current rate level.

(b) (1 point) How are experience rate changes and law amendment rate changes different in their
purpose and their effect?
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Questions from the 1997 Exam:
44. (4 points) You are given:

Calendar/Accident Reported Loss and ALAE Earned Exposures
Year
1993 1,800,000 2,500
1994 2,275,000 2,900
1995 1,975,000 3,400
Losses are evaluated as of 12/31/96
Loss (incl. ALAE) Development Factors: LDFs
12 months to ultimate 1.500
24 months to ultimate 1.250
36 months to ultimate 1.050
48 months to ultimate 1.000

» Annual severity trend = +4.3% (trend is exponential)

» Annual frequency trend = -2.0% (trend is exponential)

» Commission = 14.0%

» Taxes = 3.0%

* Variable portion of General and Other Acquisition = 10.0%
» Total fixed expense = $30 per exposure

* Profit load = 3.0%

« All policies are annual

* Filed rates will be in effect for one year

* Proposed effective date for the rate change is 10/1/97

Using the methodology in McClenahan, "Ratemaking,” of Foundations of Casualty Actuarial Science,

A. (2 points) Determine the developed and trended Loss and ALAE by accident year (chapter 6)
B. (1 point) Determine the indicated pure premium (chapter 8)
C. (1 point) Determine the indicated gross rate (chapter 8)

Questions from the 1999 exam

39. (2 points) McClenahan in "Ratemaking," chapter 2 of Foundations of Casualty Actuarial Science,
discusses the effects of limits on severity trend. Use the information shown below to determine the
one-year severity trend for the loss amounts in the following three layers of loss:

$0-$50 $50-$100 $100-$200

e Losses occur in multiples of $40, with equal probability, up to $200, i.e., if a loss occurs, it has an
equal chance of being $40, $80, $120, $160, or $200.

e For the next year, the severity trend will uniformly increase all losses by 10%.

Exam 5, Vla Page 179 © 2014 by All 10, Inc.



Chapter 6 — Losses and LAE
BASIC RATEMAKING — WERNER, G. AND MODLIN, C.

Questions from the 2000 exam

40. (4 points) Using the techniques described by McClenahan in "Ratemaking,” chapter 2 of Foundations of
Casualty Actuarial Science, and the following data, answer the questions below.

You are given the following information for your company's homeowners business in a single state:

Calendar/ Ultimate Loss
Accident Year and ALAE Written Premium Earned Premium
1997 635,000 1,000,000 975,000
1998 595,000 1,050,000 1,000,000

Effective Date Rate Change

July 1, 1996 +4.0%

January 1, 1998 +1.8%

July 1, 1999 +3.0%

Target Loss and ALAE Ratio 0.670

Proposed effective date July 1, 2000

Effective period for rates One year

Credibility 0.60

Alternative indication 0.0%

Policy period Twelve months

Severity trend +3.0%

Frequency trend +1.0%

a. (1 12 points) Calculate the on-level factors for each of the two calendar years 1997 and 1998. (chapter 5)

b. (1 112 points) Calculate the trended projected ultimate on-level loss and ALAE ratio for the combined
experience period 1997-1998. (chapter 6)

c. (1 point) Calculate the credibility-weighted indicated rate level change. (chapter 8)

Questions from the 2001 exam

Question 2. Based on McClenahan, “Ratemaking,” chapter 2, Foundations of Casualty Actuarial Science, and
the following information, answer the question below.

Assume:

e Experience period is accident year 1999.

e Indicated rates will become effective July 1, 2001.

e The next scheduled rate increase is expected to become effective April 1, 2002.
e All policies are expected to have an 18-month period.

e There are no seasonal effects on the frequency of accidents.

e Policies are evenly written throughout the year.

How many months are there between the midpoint of the experience period and the midpoint of the
exposure period?

A. <22 months B. >22 months but < 28 months C. > 28 months but < 34 months
D. > 34 months but <40 months E. > 40 months
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Questions from the 2002 exam

17. (4 points) Based on McClenahan, "Ratemaking," chapter 2 of Foundations of Casualty Actuarial
Science, and the following data, answer the questions below. Show all work.

Projected rates to be effective January 1, 2003 and in effect for 1 year.

Target loss and ALAE ratio is 65%.

Experience is from the accident period January 1, 2000 to June 30, 2001.
Developed accident period loss and ALAE is $21,500.

Annual trend factor is 3%.

All policies have one-year terms and are written uniformly throughout the year.
The rate on January 1, 1999 was $120 per exposure.

Effective Date Rate Change
January 1, 2000 +10%
January 1, 2001 -15%
Year Written Exposures
1998 200
1999 200
2000 200
2001 200

a. (1 point) Calculate the experience period trended developed loss and ALAE. (chapter 6)
b. (2 points) Calculate the experience period on-level earned premium. (chapter 5)
c. (1 point) Calculate the indicated statewide rate level change. (chapter 8)
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Questions from the 2003 exam:

12. Given the following data and using the loss development method as described by McClenahan in
Foundations of Casualty Actuarial Science, calculate the projected ultimate accident year 2001 losses.

As of December 31, 2002
Accident Year Paid Losses Case Reserves
1999 $11,000 $1,000
2000 $6,000 $2,000
2001 $3,500 $4,000
2002 $1,000 $4,000

e Projected ultimate accident year 2000 losses = $9,240
e 12-24 case-incurred link ratio = 1.71
e 24-36 case-incurred link ratio = 1.20

A. <$8,700 B. > $8,700, but < $9,200 C. = $9,200, but < $9,700
D. > $9,700, but < $10,200 E. > $10,200

Questions from the 2004 exam:
7. Given the following data, calculate the trended loss ratio.

Developed
Number of Earned Incurred
Insureds Premium Losses
20 $50,000 $35,000
e Yearsof Trend=2.5
. Annual Exposure Trend = 2.0%
. Annual Premium Trend = 2.9%
. Annual Frequency Trend = -1 .0%

* Annual Severity Trend = 6.0%
A. <68% B. >68%but<71% C. >71%but<74% D. >74%,but<77% E. >77%

8. Which of the following statements are true regarding loss trends?

1. When an exponential curve is used to approximate severity, the assumption is a constant
multiplicative increase in severity.

2. This original statement no longer applies to the content in this chapter
3. Linear trends tend to underestimate future costs when inflation is increasing at a multiplicative rate.
A. 1 only B. 3 only C. 1and 2 only D. 1and 3 only E. 2 and 3 only
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Questions from the 2004 exam (continued):
37. (5 points) Given the information below, answer the following questions. Show all work.

Case-Incurred Losses
Accident Year | Age 12 | Age 24 | Age 36 | Age 48
2000 $1,412 | $1,816 | $1,993 | $1,993
2001 $1,624 | $2,023 | $2,137
2002 $1,841 | $2,271
2003 $2,421
e Ultimate losses are reached at age 48. The annual frequency trend is -2%.
e The annual severity trend is 8%. Planned effective date of rate change is July 1, 2004.
e Rates are reviewed annually. Policies have a term of 12 months.

a. (1 point) Calculate the age-to-ultimate development factor for accident year 2003 as of December 31,
2003. Explain your assumptions.

(0.5 point) Calculate the ultimate loss amount for accident year 2003.
(1 point) Calculate the trended ultimate loss amount for accident year 2003.
(1.5 points) Briefly describe three causes of loss development.

(1 point) Briefly explain why it is appropriate to both trend and develop losses (i.e. why there is no
overlap).

® oo o

Questions from the 2007 exam

22. (1.5 points) The claims department of an insurance company has historically set an initial case
reserve of $10,000 for each liability claim at the time the claim is opened. If the claim is not closed
within 18 months, the case reserve is adjusted to an appropriate level based on the characteristics of
the claim. Starting with accidents occurring January 1, 2006 and later, the initial case reserve was set
at $5,000 for each liability claim. The actuarial department was not made aware of this change.

Assume incurred loss data for accident year 2006, valued as of December 31, 2006, is used to derive
rates effective July 1, 2007. Explain the impact of this change on incurred loss development and rate
adequacy for this liability line of insurance.

Questions from the 2008 exam

17. (2.0 points) Given the following payment and reserve data about 2 different claims on 2 different policies:

Policy Effective Date Date of Loss Transaction Date Payment Case Reserve

July 1, 2006 December 1, 2006 | December 1, 2006 $0 $5,000
March 1, 2007 $500 $3,500
October 1, 2007 $3,500 $2,000

March 1, 2008 $3,000 $0
October 1, 2006 March 1, 2007 March 1, 2007 $5,000 $10,000
October 1, 2007 $9,000 $1,000

March 1, 2008 $1,000 $0

a. (0.5 point) Calculate the calendar-year incurred losses for 2006 and 2007.
b. (0.5 point) Calculate the accident-year incurred losses for 2006 and 2007 evaluated as of 12/31/2008.
c. (0.5 point) Calculate the policy-year incurred losses for 2006 and 2007 evaluated as of 12/31/2008.

d. (0.5 point) Identify one advantage and one disadvantage associated with using policy year incurred losses
for ratemaking.
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Questions from the 2009 exam

22. (2 points) an insurance company started writing annual policies in 2005. Given the following
information for claims associated with policies written in 2005:

Accidents Occurring in 2005 Accidents Occurring in 2006
Calendar Payments Reserve @ Calendar Payments Reserve @
Year End of Year Year End of Year
2005 $ 1,000,000 $500,000 2005 $ $
2006 $ 300,000 $300,000 2006 $ 1,500,000 $ 1,000,000
2007 $ 250,000 $100,000 2007 $ 700,000 $ 200,000
2008 $ 50,000 $ 2008 $ 100,000 $ 50,000

a. (0.5 point) Calculate the calendar year losses for 2006.
b. (0.5 point) Calculate the accident year incurred losses for 2006 evaluated as of December 31, 2007.
c. (0.5 point) Calculate the policy year incurred losses for 2005 evaluated as of December 31, 2008.

d. (0.5 point) Provide one advantage and one disadvantage associated with using calendar year
incurred losses rather than accident year incurred losses for ratemaking.

24. (1 point) Fully discuss why it may be inappropriate to apply a basic limits loss trend to total limits losses.
27. (1 point Fully discuss the "overlap fallacy" between trend and loss development.

42. (1 point) For homeowners insurance explain two reasons that hurricane rates should be priced separately
from non-hurricane rates.

Questions from the 2010 exam

20. (2 points) Given the following claim activity on an annual policy effective on December 29, 2006:

Case Reserve as
Claim Incremental  Of Transaction
Number  Transaction Date Payment Date Transaction Description
1 December 31, 2006 Claim occurred
1 December 31, 2006 $1,000 Claim reported and reserve established
1 October 5, 2007 $ 10,000 Case reserve increased
1 July 5, 2008 $ 25,000 Case reserve increased
1 January 25,2009 $ 30,000 $- Settlement made, Payment made, Claim closed
2 April 1, 2007 Claim occurred
2 April 5, 2007 $ 25,000 Claim reported and reserve established
2 July 1, 2008 $- Claim closed without payment

a. (0.5 point) Calculate 2008 calendar year reported losses.
b. (0.5 point) Calculate 2006 accident year reported losses evaluated as of December 31, 2007.
c. (0.5 point) Calculate 2006 policy year reported losses evaluated as of December 31, 2007.

d. (0.5 point) Briefly describe one advantage and one disadvantage of using calendar year losses as
compared to accident year losses in a ratemaking application.
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Questions from the 2010 exam

21. (2 points) Identify four adjustments made to historical losses in projecting losses for a future policy
period for ratemaking. Briefly describe the purpose of each.

24. (1 point) Given the following countrywide calendar year information:

Calendar Earned Paid Loss
Year Premium Paid Loss Paid ALAE and ALAE Paid ULAE
2006 $696,667 $475,000 $47,500 $522,500 $26,125
2007 $733,333 $500,000 $50,000 $550,000 $55,000
2008 $805,673 $498,750 $24,938 $523,688 $52,369
2009 $907,725 $518,700 $25,935 $544,635 $54,464

Select a ULAE factor to be applied to the statewide incurred losses and paid ALAE as part of
calculating statewide rate indications. Explain your selection.

Questions from the 2011 exam

6. (2.5 points) Given the following information for claims associated with annual homeowners policies
written in 2007:

Claim Accident Report Transaction Loss Case Reserve
Number Year Year Date Payment Balance

1 2007 2007 April 1, 2007 $100 $300
1 2007 2007 July 1, 2008 $200 $600
1 2007 2007 June 1, 2009 $500 $0

2 2007 2008 May 1, 2008 $500 $200
2 2007 2008 July 1, 2009 $200 $0

3 2008 2008 August 1, 2008 $50 $200
3 2008 2008 March 1, 2009 $100 $50
3 2008 2008 July 1, 2010 $200 $0

a. (0.5 point) Calculate the calendar year 2008 incurred losses.

b. (0.5 point) Calculate the accident year 2008 incurred losses, evaluated at December 31, 2009.
c. (0.5 point) Calculate the policy year 2007 incurred losses, evaluated at December 31, 2009.

d. (0.5 point) Calculate the report year 2008 incurred losses, evaluated at December 31, 2009.

e. (0.5 point) Briefly describe one advantage and one disadvantage associated with using policy year
losses for ratemaking.

7. (1 point) Fully explain the overlap fallacy between loss development and loss trend.

17. (1 point) Given the following data:

Claim
Number Loss Amount
1 $10,000
2 $15,000
3 $30,000
4 $35,000

» Basic limit = $25,000
* Total limits severity trend = 10%
Calculate the excess loss trend.
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Questions from the 2012 exam

7. (5.75 points) An actuary is preparing a rate filing in a state that requires full supporting documentation
of the rate level indication. The actuary is given the following information:

There are no law or benefit changes.

All policies are annual.

Rate change effective date is April 1, 2013.
Rates are reviewed annually.

A single trend percentage is used to trend the losses.

AY 2010 Reported Losses and ALAE as of 12/31/2010 = $50,000

Reported Loss and ALAE Age-to-Age Development Factors

Accident Year  12-24 24-36 36-48 48-60 60-72 72-ult
2004 1.58 1.35 1.05 1.06 0.98 1.00
2005 1.75 1.31 1.05 1.01 1.01
2006 2.63 1.20 1.08 1.04
2007 1.82 1.23 1.02
2008 1.46 1.18
2009 1.66

All year Average 1.82 1.25 1.05 1.04 1.00

Average ex-hi/lo 1.70 1.26 1.05 1.04

Average last 3 years 1.65 1.20 1.05

Reported Loss and ALAE
Calendar Year [Frequency| Severity Pure

Ending Premium
March 2008 0.082 $2,410 $197.62
June 2008 0.077 $3,650 $281.05
September 2008 | 0.073 $3,700 $270.10
December 2008 0.070 $3,710 $259.70
March 2009 0.069 $3,685 $254.27
June 2009 0.068 $2,525 $171.70
September 2009 | 0.070 $2,580 $180.60
December 2009 0.065 $2,565 $166.73
March 2010 0.065 $2,605 $169.33
June 2010 0.065 $2,675 $173.88
September 2010 | 0.065 $2,715 $176.48
December 2010 0.065 $2,730 $177.45

1.00

Develop the projected ultimate loss and LAE for accident year 2010 losses using the data above. In order
to satisfy the state requirements, fully describe the rationale for the selections for loss development, loss

trend, and ULAE.
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Section 2: Effects of WC Benefit Level Changes
Questions from the 1995 exam

37. (3 points) You are given:

Ratio of Cumulative Cumulative
Worker's Wage Percentage Percentage
to Average Wage of Workers of Wages
0.250 6% 1%

0.500 15% 5%

0.750 35% 17%

1.000 60% 38%

1.250 75% 55%

1.500 90% 76%

1.875 96% 86%

2.250 99% 92%

Current Workers' Compensation Law
» Compensation rate is one-half of worker's pre-injury wage.
* There is no maximum benefit limitation.
* Minimum benefit limit = 50% of average weekly wage.

Revised Workers' Compensation Law
« Compensation rate is two-thirds of worker's pre-injury wage.
« Maximum benefit limit = 125% of average weekly wage.
« Minimum benefit limit = 50% of average weekly wage.

Following the methodology presented by Feldblum, “Workers' Compensation Ratemaking," calculate the
direct effect of the law change.

Questions from the 1999 exam
38. (2 points) Based on Feldblum, "Workers' Compensation Ratemaking," and the information shown
below, calculate the average benefit as a percentage of the average wage.

Ratio to % Of % Of
Average Wage Workers Wages
0.00-0.50 15% 6%
0.50-0.75 20% 12%
0.75-1.00 25% 21%
1.00-1.50 20% 24%
1.50-2.00 15% 26%
2.00-2.50 5% 11%
Minimum benefit 0.75 of average wage
Maximum benefit 1.50 of average wage
Compensation rate 0.75 of pre-injury wage
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Questions from the 2001 exam:
Question 48. (2 points) Based on Feldblum, “Workers Compensation Ratemaking,” and the following
information, answer the questions below. Show all work.

Statewide Average Weekly Wage  $900

Maximum Weekly Benefit 900
Minimum Weekly Benefit 360
Compensation Rate 66.7% of pre-injury wage
Wage Distribution Table
Ratio to Cumulative Cumulative
Average Wage Percentage of Percentage of
Workers Wages
0.40 5% 2%
0.50 15% 7%
0.60 25% 13%
0.70 35% 20%
0.80 45% 28%
1.00 65% 48%
1.25 80% 67%
1.50 90% 82%
1.75 95% 90%

a. (1 point) Calculate the average benefit as a percentage of the statewide average weekly wage.

b. (1 point) Calculate the direct effect of changing the compensation rate from 66.7% to 80.0% of the
pre-injury wage.

Questions from the 2007 exam:
40. (2.5 points) Workers compensation law changes can produce both direct and incentive (or indirect) effects.
a. (0.5 point) Explain what is meant by direct effect.
b. (0.5 point) Explain what is meant by incentive effect.
c. (0.75 point) Will implementation of cost of living adjustments have a direct effect, incentive effect,
or both? Explain your answer.

d. (0.75 point) Will changes in administrative procedures have a direct effect, incentive effect, or
both? Explain your answer.
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Questions from the 2008 exam
19. (3.0 points)
a. (2.0 points) You are given the following information related to workers' compensation:

Ratio to Statewide
Average Cumulative Cumulative
Weekly Wage Percent Percent

(SAWW) of Workers of Wages
0.50 9% 4%
0.75 35% 20%
1.00 60% 42%
1.25 81% 65%
1.50 91% 81%

= The compensation rate is 2/3 pre-injury wage subject to maximum and minimum limitations.
= Statewide average weekly wage (SAWW) = $100

= Minimum weekly benefit = $50

=  Maximum weekly benefit = $67

a. Calculate the direct benefit level effect of increasing the maximum benefit to $100.
b. (0.5 point) Define incentive (or indirect) effect.

c. (0.5 point) Identify and briefly describe an incentive (or indirect) effect that may result from increasing the
maximum benefit.

Questions from the 2009 exam
26. (1 point) Given the following information regarding a change to a workers' compensation program's
indemnity benefits:

» The replacement rate for benefits is changed from 50% of gross earnings to 85% of net take-
home (after-tax) pay.

*  The maximum and minimum limitations do not affect the reimbursement, either before or after the
change.

e The tax rate for all participants is 30%.
a. (0.5 point) Calculate the direct effect of this benefit change.
b. (0.5 point) Briefly explain two possible indirect effects of this change.
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Questions from the 2010 exam

23. (2.5 points) Given the following workers compensation information:
* The compensation rate is 80% of the worker's pre-injury wage.
e The state average weekly wage (SAWW) is $1,500.

*  The minimum benefit is 48% of the SAWW.
e The maximum benefit is changing from 128% of the SAWW to 112% of the SAWW.
» The distribution of workers (and their wages) according to how their wages compare to the

SAWW is as follows:

Ratio to
Average
Weekly
Wage
0-60%
60 - 120%
120 - 140%
140 - 160%
160 +

Number of
Workers
64
144
33
21
29

Total
Weekly
Wages
$37,550

$196,200

$64,350
$47,250
$84,000

a. (2 points) Calculate the direct effect of the change in maximum benefits on losses.

b. (0.5 point) Explain a potential indirect effect of the change in maximum benefits on losses.

Questions from the 2012 exam

7. Develop the projected ultimate loss and LAE for accident year 2010 losses using the data above. To
satisfy the state requirements, fully describe the rationale for the selections for loss development, loss

trend, and ULAE.
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The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner, G.
and Modlin, C. were numerous. While past CAS questions were drawn from prior syllabus
readings, the ones shown below remain relevant to the content covered in this chapter.

Section 1: Loss Trending and Loss Development

Solutions to the questions from the 1996 exam
Question 30.

(b) To calculate the trend factor, one must know, the frequency and severity trend indications, the period of time
the rates will remain in effect, the proposed effective date of the rates, and the length of the policy issued.

These are given in the problem as (.99)*(1.05) = 1.0395; one year; 1/1/96; and annual policies.

Trend factors are computed based on the time between the average accident date of the experience period to
the average accident date of the effective period.

Ultimate Loss Average Accident Date Trend Trended On-Level
CY and ALAE Experience _Effective Factor Loss and ALAE
1992 325,000 711/92 1/1/97 (1.0395)*° 386,895
1993 575,000 7/1/93 1/1/97 (1.0395)%° 658,497
1994 800,000 711/94 1/1/97 (1.0395)*° 881,356
Total 1,926,748

Thus, the trended, on-level loss and ALAE ratio = 1,926,748/2,646,299 = .728.

Question 36.

(a). The premium adjustment factor is also known as an on-level factor. The numerator of the on-level factor
considers rate changes which impact both PY 1995, represented by the parallelogram below, and rate
changes up and through the current level. The denominator of the on-level factor, considers only those rate
changes which impact PY 1995.

Calculate the numerator of the on-level factor. This is equal to (1.0)(1.15)(.90)(1.05) = . 1.08675

Calculate the average rate level factor for the policy year. This is a weighted average of the rate level factors
in the policy year. The weights will be relative proportions of the parallelogram. First calculate the area of all
triangles (area = .50 * base * height) within the parallelogram and then determine the remaining proportion of
the parallelogram by subtracting the sum of the areas of the triangles from 1.0.

Notice the area of the parallelogram at the 1.035 level. Its area is calculated as base * height = .50*1.0 = .50.

The average rate level factor for the policy year = (1/2)(.5)(.5)*1.0 + (1/2)(.5)(.5)*1.15
+.50%1.0*1.035 + (1.0 - .125 - .125 - .50)*1.15 = 1.07375.

+15% -10%
115 .-

-
-
RS

1.15 ,/‘+ 1.035
_--"1.035

1/94 511~ 1795 71 1/96

The on-level factor = 1.08675/ 1.07375 = 1.012.
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Solutions to the questions from the 1996 exam (continued)
Question 36. (continued)
(b) Experience rate changes are represented graphically as diagonal lines, and are computed to adjust current

rates for changes anticipated in projected experience level. These affect new and renewal policies only.

Law amendment changes are represented graphically as straight lines, and since they affect all policies
inforce at a given point in time. These changes adjust premiums for statutory modifications to benefits.

Solutions to questions from the 1997 exam:
Question 44.

(@)

Trend Factors:

To calculate trend factors for each year's losses, compute:

1. The annual trend factor.

2. The midpoint of each year's loss exposure (the average accident date for each year of the experience period).

3. The midpoint of loss occurrence during the exposure period (the period the rates are to be in effect).

(@)

On page 103, McClenahan states that “While frequency and severity trends are often analyzed separately, it
is sometimes preferable to look at trends in the pure premium, thus combining the impact of frequency and
severity”.

Using this approach, the annual trend factor is (1+.043)*(1-.020) = 1.022.
Since we are given accident year 199X losses, the midpoint of each year loss exposure is 7/1/9x.

We are told that the revised rates will be in effective for 12 months, from 10/1/97 through 9/30/98 (exposure
period), and that all policies written will be annual policies. Therefore, the average policy will run from 4/1/98
to 3/31/99, and the midpoint of loss occurrence during that policy will be 9/30/98.

(Note: Another way to remember trend period for annual policies, for which rates will be in effective for 12
months, is midpoint of experience period to one year past the effective date.)

Loss Development Factors (LDFs):

The appropriate LDFs to apply to each year’s losses depends upon its age as of the loss evaluation date.
Since losses are evaluated at 12/3196, AY 1995 losses are “aged” 24 months, AY 1994 losses are “aged” 36
months, and AY 1993 losses are “aged” 48 months.

To project these losses to ultimate, the respective age to ultimate factors to be used are 1.25, 1.05, and 1.00.

With this information, we can compute developed and trended Loss and ALAE by accident year as follows:

Reported Annual Midpoint of the  Midpoint of Developed and
Loss and trend experience the exposure  Trend trended Loss
AY ALAE LDF factor  period period Factor and ALAE
1) ) 3) (4) (5) (6) (1)=(1)*(2)*(6)
1993 1,800,000 1.00 1.022 7/1/93 9/30/98 1.121 2,017,800
1994 2,275,000 1.05 1.022 7/1/94 9/30/98 1.097 2,620,459
1995 1,975,000 1.25 1.022 7/1/95 9/30/98 1.073 2,648,969

Column (6) = Column (3)', where t is the number of years elapsed between column 5 and column 4.
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Solutions to questions from the 1999 exam
Question 39.

The severity trend rate = i[[))(( ]]—1.0 , Where X' represents losses affected by a 10% inflation rate.
Loss Amount Probability Distribution of Loss by Layer
Before/After(x) of loss (f(x)) 0-50 50-100 100 - 200
40/44 .20 40/44 0/0 0/0
80/88 .20 50/50 30/38 0/0
120/132 .20 50/50 50/50 20/32
160/176 .20 50/50 50/50 60/76
200/220 .20 50/50 50/50 100/100

Loss amounts before and after the impact of uniform 10% increase

Layer E[X]=2 x*f (X) E[X T=2x*f (X)
X X

0-50 [.2*40+.80*50]=48 [.2*40*(1.1)+.80*50]=48.8
50 - 100 [.2*30+.60*50]=36 [.2*38+.60*50]=37.6
100 - 200 [.2*%20+.20*60+.20*100]=36 [.2*32+.20*%76+.20*100]=41.6
Layer One year severity Trend
0-50 488 ) 0- 1.017 or 1.7%

48
>0 -100 %—1.0: 1.044 or 4.4%
100 - 200 .

%—1.% 1.156 or 15.6%

Solutions to questions from the 2000 exam:
Question 40.

b. Calculate the trended projected ultimate on-level loss and ALAE ratio for the combined experience period

1997-1998.

With this information, we can compute developed and trended Loss and ALAE by accident year as follows:

Developed Freq Sev Midpoint of the  Midpoint of Developed and
Loss and trend trend experience the exposure  Trend Factor trended Loss
AY ALAE factor factor period period and ALAE
(1) (2) 3) (4) (5) (6) (1)=(1)*(2)*(6)
1997 635,000 1.01 1.03 7/1/97 7/1/2001 (1.01*1.03)" 743,717
1998 595,000 1.01 1.03 7/1/98 7/1/2001 (1.01*1.03)° 669,873
Total 1,413,590
Developed and Trended losses 1,413,590

On-level loss and ALAE ratio =

On-Level Earned Premium  1,027,283+1,039,290

=.684
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Solutions to questions from the 2001 exam

Question 2. Based on McClenahan, “Ratemaking,” chapter 2, Foundations of Casualty Actuarial Science,
and the following information, answer the question below.

Key dates given:

e Experience period is accident year 1999.

e Indicated rates will become effective July 1, 2001.

e The next scheduled rate increase is expected to become effective April 1, 2002.
e All policies are expected to have an 18-month period.

e Policies are evenly written throughout the year.

How many months are there between the midpoint of the experience period and the midpoint of the
exposure period?

Step 1: Determine the midpoint of the experience period:
The midpoint of the experience period is a function of the average accident date during the experience

period. The experience period is ACCIDENT year 1999, and since all polices are written evenly
throughout the year, the average accident date during the experience period is 7/1/99.

Step 2: Determine the midpoint of the exposure period:
The midpoint of the experience period is a function of the average policy written date and the average
accident date (based on the average written date) during the exposure period. The exposure period is
from 7/1/2001 — 4/1/2002, and so the average written date during the exposure period is 11/15/2001.
Since all policies are expected to have an 18 month period, the average accident date is 9 months later,
which is 8/15/2002.

Thus, the number of months between the midpoint of the experience period (7/1/99) and the midpoint of the
exposure period (8/15/2002) is 37.5 months. Answer D.

Solutions to questions from the 2002 exam
Question 17.

a. (1 point) Calculate the experience period trended developed loss and ALAE.

Since we are given that the developed accident period loss and ALAE is $21,500, and that the annual
trend factor is 1.03, what remains to be computed is the trend period.
The trend period is determined by the time between the average accident date of the experience
period and the average accident date associated with the effective period of the rates.
The average accident date for the eighteen month (1/1/00 — 6/30/01) accident experience period is 10/1/00.
Since the revised rates will be in effect for a one year period (1/1/2003 — 12/31/2003) and since all
polices have one year terms and written uniformly throughout the year, the average policy will run
from 7/1/2003 — 6/30/2004, and the midpoint of loss occurrence under that policy will be 1/1/2004).
The trend period is therefore 3.25 years (10/1/2000 — 1/1/2004), and the experience period trended
developed loss and ALAE is $21,500 (1.03)** = 23,668
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Solutions to questions from the 2003 exam
12. Calculate the projected ultimate accident year 2001 losses.

Step 1: Determine AY 2001 case incurred losses at 12/31/2002 projected to 36 months.

Case incurred losses at 12/31/2002 = $3500 + $4,000 = $7,500. Note that at 12/31/02, AY 2001 case
incurred losses are at 24 months of development. The loss development factor from 24-36 months is
given as 1.20. Thus, AY 2001 case incurred losses projected to 36 months equals $9,000.

Step 2: Determine AY 2001 case incurred losses at 12/31/2002 projected to ultimate.

AY 2000 36-48 months case incurred loss development factor is $9,420/$8,000 = 1.155. Thus, at
12/31/02, AY 2001 cased incurred losses are at ultimate equals $9,000 * 1.155 = $10,395.

Answer E. > $10,200

Solutions to questions from the 2004 exam

7. Calculate the trended loss ratio.
Step 1: Based on the givens of the problem, write an equation to determine the trended loss ratio.

*
Trended Loss Ratio = (Developed Incurred Lossesj*[ Freq Trend*Sev Trend

Years of Trend
Earned Premium Premium Trend j

Step 2: Using the equation in Step 1, and the data in the problem, solve for the trended loss ratio.
$35,000]*(.99 *1.06

25
j =.7352 Answer C: >71 % but <74%

Trended Loss Ratio =
$50,000 1.029

8. Which of the following statements are true regarding loss trends?

1. When an exponential curve is used to approximate severity, the assumption is a constant multiplicative
increase in severity. True. “Since this data contains random fluctuations, the minimization of these
fluctuations will provide a better estimate of the underlying trend. This is achieved by fitting the data to a
curve. An exponential curve is selected because it assumes a constant percentage trend from year to
year.”

2. Statement no longer applicable to the content within this article

3. Linear trends tend to underestimate future costs when inflation is increasing at a multiplicative rate. True.
Note that the linear model will produce a model in which the projection will increase by a constant amount
(a) for each unit change in x. The exponential model will produce a constant rate of change of e®- 1, with
each value being e® times the prior value.

Answer: D. 1and 3only
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Solutions to questions from the 2004 exam (continued):
37.(5 points)

a.

C.

d.

(1 point) Calculate the age-to-ultimate development factor for accident year 2003 as of December 31,
2003. Explain your assumptions.

Assumptions:

» We are told that ultimate losses are reached at age 48, and therefore our 48-ultimate loss development
factor is 1.000.

» Selected age to age development factors are set equal to age to age link ratios computed using the
given data. Age to Age link ratios are computed by dividing case-incurred losses at successive
intervals (e.g. AY 2000 12-24 link ratio = 1,816/1,412 = 1.2861)

Since accident year 2003 at 12/31/03 is at 12 months of maturity, a 12 to ultimate loss development factor
is necessary and is computed as follows:

AY 12-24 24-36 36-48 48-ULT
2000 1.2861 1.0975 1.0000 1.0000
2001 1.2457 1.0564 1.0000
2002 1.2336 1.0000
2003 1.0000

3yravg 12551 10769  1.0000  1.0000
FactortoUlt  1.3516  1.0769  1.0000  1.0000 \yhere

12 to ultimate loss development factor = 1.3516 = 1.2551 * 1.0769 * 1.0000 * 1.0000

(0.5 point) Calculate the ultimate loss amount for accident year 2003.
AY 2003 ultimate losses = AY 2003 case incurred 10SS€S12 months * 12 to ultimate loss development factor
=$2,421 * 1.3516 = $3,272.22

(1 point) Calculate the trended ultimate loss amount for accident year 2003.

Since we have computed ultimate losses for AY 2003 as $3,272.22, what remains to be computed is
the annual trend factor and the trend period.

The annual trend factor is computed as the product of the given annual frequency and severity trend
rates. Thus, the annual trend factor equals .98 * 1.08 = 1.0548

The trend period is determined by the time between the average accident date of the experience
period and the average accident date associated with the effective period of the rates.

The average accident date for AY 2003 is 7/1/2003

Since the revised rates will be in effect for a one year period (7/1/2004 — 7/1/2005) and since all
polices have one year terms and are written uniformly throughout the year, the average policy will run
from 1/1/2005 — 12/31/2005, and the midpoint of loss occurrence under that policy will be 7/1/2005).

The trend period is therefore 2 years (7/1/2003 — 7/1/2005), and the AY 2003 trended developed loss
and ALAE is $3,272.22 (1.0548)>%= $3,640.68

(1.5 points) Briefly describe three causes of loss development.

1. Development on known claims. This occurs when reserves are initially set too low, and then increase as
more loss related information becomes known.

2. Newly reported claims. These result from the late reporting of claims.

3. Re-opening of prior closed claims. This happens when additional damages, resulting from the original loss

occurrence, arise at point in time after the claim has been closed.
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Solutions to questions from the 2004 exam (continued):

Question 37 (continued):

e. (1 point) Briefly explain why it is appropriate to both trend and develop losses (i.e., why there is no overlap).
It is appropriate to both trend and develop losses because there is no double counting of severity trend and
loss development factors in the ratemaking process.

The trend factor reflects the severity trend from the midpoint of the experience period to the midpoint of
the exposure period.

The loss development factor reflects the underlying severity trend from the midpoint of the exposure
period to ultimate.

Solutions to questions from the 2007 exam:

22. Explain the impact of this change on incurred loss development and rate adequacy for this liability
line of insurance.

CAS Model Solution

Incurred loss development factors are based on losses prior to accident year 2006. Since the initial case

reserves were much higher, the development factors being applied to 2006 losses will be too low.

Ultimate losses for 2006 will be understated therefore indicated projected loss ratios or pure premiums
will be too low. This will result in an indication that will be too low. Ultimately, the rates based on accident
year 2006 will be inadequate.

Solutions to questions from the 2008 exam:
Model Solution - Question 17
a. (0.5 point) Calculate the calendar-year incurred losses for 2006 and 2007.
CY 2006 incurred losses = CY 2006 Paid losses + CY 2006 Ending Reserves — CY 2006 Beginning Reserves

Note: For CY 2006, we are only concerned with transactions associated with any policies effective during CY
2006 that also have losses during CY 2006. For CY 2006, the only policy meeting this criterion is the policy
effective 7/1/2006.

CY 2006 Paid losses (for policy effective 7/1/2006) = $0.
CY 2006 Ending Reserves (for policy effective 7/1/2006) = $5,000 and CY 2006 Beginning Reserves = $0.
Thus, CY 2006 incurred losses = $0 + $5,000 - $0 = $5,000

CY 2007 incurred losses = CY 2007 Paid losses + CY 2007 Ending Reserves — CY 2007 Beginning Reserves associated
with policies having CY transactions during CY 2007. Note that both the 7/1/2006 and 10/1/2006 policies have
transactions (paid and case reserve activities) during CY 2007.

i. For the policy effective 7/1/2006, total paid losses (based on 2007 transaction dates) = $500 + $3,500 = $4,000. In
addition, beginning reserves = $5,000 and ending reserves = $2,000.

Thus, CY 2007 incurred losses (for policy effective 7/1/2006) = $4,000 + $2,000 - $5,000 = $1,000.

ii. For the policy effective 10/1/20086, total paid losses (based on 2007 transaction dates) = $5,000 + $9,000 = $14,000. In
addition, beginning reserves = $0 and ending reserves = $1,000.

Thus, CY 2007 incurred losses (for policy effective 10/1/2006) = $14,000 + $1,000 - $0 = $15,000.
Thus, CY 2007 incurred losses = $1,000 + $15,000 = $16,000.
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Solutions to questions from the 2008 exam:
Model Solution - Question 17 (continued)
b. (0.5 point) Calculate the accident-year incurred losses for 2006 and 2007 evaluated as of 12/31/2008.

Note: Here we are concerned with final payments and reserves associated with accidents occurring during
AY 2006 and 2007 respectively.

i. For the policy effective 7/1/2006, total paid losses (on accidents occurring during 2006) as of
12/31/2008 = $500 + $3,500 + $3,000 = $7,000. Final reserves as of 12/31/2008 = $0.

Thus, AY 2006 incurred losses (for policy effective 7/1/2006) = $7,000 + $0 = $7,000.

ii. For the policy effective 10/1/2006, total paid losses (on accidents occurring during 2007) =
$5,000 + $9,000 + $1,000 = $15,000. Again, final reserves as of 12/31/2008 = $0

Thus, AY 2007 incurred losses (for policy effective 10/1/2006) = $15,000 + $0 = $15,000.

c. (0.5 point) Calculate the policy-year incurred losses for 2006 and 2007 evaluated as of 12/31/2008.
Note: Both policies are effective during 2006. No policies are effective during 2007.
Therefore, there will be no policy year 2007 incurred losses.
i. For the policy effective 7/1/2006, total paid losses (on accidents occurring during 2006) as of 12/31/2008 = $7,000
ii. For the policy effective 10/1/2006, total paid losses (on accidents occurring during 2007) as of 12/31/2008 = $15,000

Thus, PY 2006 incurred losses = $7,000 + $15,000 = $22,000.
Thus, PY 2007 incurred losses = $0

d. (0.5 point) Identify 1 advantage and 1 disadvantage associated with using PY incurred losses for ratemaking.
One advantage is that premiums and losses can be matched using policy year incurred losses.
One disadvantage is that policy year data is the least mature and least responsive compared to CY or AY data.

Solutions to questions from the 2009 exam:
Question 22

a. CY 2006 losses. The question is ambiguous with respect to whether it refers to paid or incurred losses.

Assuming Paid Losses are sought, add paid losses during CY 2006 from accidents occurring in both 2005 and
2006: 300,000 + 1,500,000 = $ 1,800,000

Assuming Incurred Losses (i.e. paid + change in reserves) are sought, use the result from above and compute
the change in reserves as the ending reserves — beginning reserves, for accidents occurring in both 2005 and
2006: $1,800,000 + (300,000 - 500,000) + (1,000,000 — 0) = $2,600,000

b. AY 2006 incurred losses @ 12/31/07 =(AY 06 paid through 12/31/07) + (AY 06 reserves @ 12/31/07)
= (1,500,000 + 700,000) + 200,000 = $2,400,000

c. PY 2005 incurred losses @ 12/31/08. Note: Question states that all claims given in the problem arise from
policies written in 2005

= (PY 05 Paid until 12/31/08) + (PY 05 reserves @ 12/31/08)

= (1,000,000 + 300,000 +250,000 + 50,000) + (0) [for accidents occurring in 2005] +
(1,500,000 + 700,000 + 100,000) + (50,000) [for accidents occurring in 2006]

= $1,600,000 + $2,350,000 = $ 3,950,000

d. CY incurred losses are more responsive than AY since loss info is known once CY is complete. AY incurred
provides a better match to premium and loss then CY basis, although not as well as PY which matches
premium and loss.
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Solutions to questions from the 2009 exam (continued):
Question 24 Why it may be inappropriate to apply a basic limits loss trend to total limits losses.

If loss costs are increasing, basic limit losses will trend at a lower rate than total losses, and thus a basic limit
trend will understate the actual underlying loss trend.

Basic limit losses trend at a lower rate than total losses because for losses near or at basic limits before trending,
the full trend will not be realized by limiting losses. A loss that is already at or above basic limits, in fact, will
observe no basic limit trends if losses are increasing.

Question 27 Fully discuss the "overlap fallacy" between trend and loss development.
It was believed that loss development and loss trend capture the same change in loss patterns.
Therefore, using both would be “double counting”. This belief was referred to as “overlap fallacy”.

It is incorrect, because loss trend projects losses from the midpoint of experience period to the midpoint of
exposure period, while loss development projects losses from midpoint of the exposure period to ultimates.

This can be thought graphically as possible:
Successive Evaluation Periods
1 2 3 4 5 6

Loss development

Accident Periods
s
Loss trend

Question 42: For homeowners insurance, explain two reasons that hurricane rates should be priced
separately from non-hurricane rates.

Ratemaking becomes a much easier process if premiums are split. Traditional techniques can be applied
on the non-hurricane portion without having to deduce the non-hurricane portion each time.

Allows appropriate classification. For example, it does not make sense to have a 25 % discount for fire
protection in an area where 80 % of losses are hurricane related.
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Solutions to questions from the 2010 exam:
Question 20
a. CY 2008 reported losses = CY 2008 Paid losses + CY 2008 Ending Reserves — CY 2008 Beginning Reserves

Note: Since two claims are given, values for each formula component above need to be aggregated. These values
are shown below as (claim 1 amount + claim 2 amount)

CY 2008 reported losses = ($0 + $0) + ($25,000 + $0) — (10,000 + $25,000) = -$10,000

b. AY 2006 Reported Loss as of 12/31/2007

Note: Here we are concerned with total payments and reserves as of 12/31/2007 associated with accidents
occurring during AY 2006. This limits transactions to claim 1 only.

i. Total paid losses (on accidents occurring during 2006) as of 12/31/2007 = $0. Final reserves as of
12/31/2007 = $10,000.

Thus, AY 2006 incurred losses $0 + $10,000 = $10,000.

c. PY 2006 reported loss as of 12/31/2007

Note: Here we are concerned with total payments and reserves at 12/31/2007 associated with both
claims because both claims arose from a single policy issued in 2006.

PY 2006 reported loss as of 12/31/2007 = ($0 + $0) + ($10,000 + $25,000) = 35,000
d. Advantage: CY losses are readily available/immediately known. No need to wait for losses to develop.
Disadvantage: AY aggregation provides a better match of premiums to losses than CY aggregation.

21. (2 points) Identify four adjustments made to historical losses in projecting losses for a future policy
period for ratemaking. Briefly describe the purpose of each.

1. Development — taking losses from an early state (e.g. 24 months) to their total ultimate state when all losses
are paid and the claims are closed.

2. Trend — taking historical losses from the midpoint of the experience period and projecting to the midpoint of
the future period (takes things such as inflation into account)

3. Benefit Level Changes — take into account anything that would change the benefits being charged to get
losses to a “current benefit level” (e.g. workers comp. change in the law affecting benefits paid)

4, Catastrophes/Shock Losses/Extraordinary Events — adjust historical losses to take out any cats and load back
in an amount to account for them. If cats were always just included, rates would increase years after cats and
decrease after years without them to volatile.

Question 24

Select a ULAE factor to be applied to the statewide incurred losses and paid ALAE as part of calculating
statewide rate indications. Explain your selection.

Calendar Paid Loss Paid Paid ULAE/
Year & ALAE ULAE Paid Loss & ALAE
1) 2 (3)=(2)/(2)
2006 522,500 26,125 5%
2007 550,000 55,000 10%
2008 523,688 52,369 10%
2009 544,635 54,464 10%

| would select ULAE factor =10%
Calendar Year 2006 has ULAE factor of 5 % but 2007— 2009 ULAE factors are all at 10% .
| believe there must have been a change in operation in 2007 that caused ULAE to increase to 10%.
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Solutions to questions from the 2011 exam:

Question 6

a. (0.5 point) Calculate the calendar year 2008 incurred losses.

b. (0.5 point) Calculate the accident year 2008 incurred losses, evaluated at December 31, 2009.
c. (0.5 point) Calculate the policy year 2007 incurred losses, evaluated at December 31, 2009.

d. (0.5 point) Calculate the report year 2008 incurred losses, evaluated at December 31, 2009.

e. (0.5 point) Briefly describe one advantage and one disadvantage associated with using policy year
losses for ratemaking.

Question 6 — Model Solution
a. CY 2008 incurred losses = CY 2008 Paid losses + CY 2008 Ending Reserves — CY 2008 Beginning Reserves
Note: Here we consider transaction date data occurring in 2008. Such data exists for claims 1, 2 and 3.
Claim 1: CY 2008 incurred losses = ($200 + $600 - $300) = $500
Claim 2: CY 2008 incurred losses = ($500 + $200 - $0) = $700
Claim 3: CY 2008 incurred losses = ($5 + $200 - $0) = $250
CY 2008 incurred losses = $500+ $700+$250=$1,450

b. AY 2008 incurred losses = AY 2008 Paid losses + AY 2008 Ending Reserves as of 12/31/2009
Note: Here we consider transaction date data occurring during AY 2008. Such data exists for claim 3 only.
Claim 3: AY 2008 paid losses = ($50 + $100) = $150. AY 2008 case reserve as of 12/31/2009 = $50
CY 2008 incurred losses = $150+ $50 = $200

c. PY 2007 incurred loss as of 12/31/2009

Note: Here we are concerned with total payments and reserves at 12/31/2009 associated with all three
claims these claims arose from policies issued in 2007.

PY 2007 paid losses as of 12/31/2009 = 100 + 200 + 500 + 500 + 200 + 50 + 100 = 1650
PY 2007 case reserves of 12/31/2009 =0 + 0 + 50 = 50
PY 2007 incurred losses as of 12/31/2009 = 1650 + 50 = 1700

d. RY 2008 incurred loss as of 12/31/2009

Here we are concerned with total payments and reserves as of 12/31/2009 associated with accidents reported
during 2008. This limits transactions to claim 2 and claim 3.

i. Total paid losses (on accidents reported during 2008) as of 12/31/2009 = $500 + 200 + 50 + 100 = 850.
Case reserves as of 12/31/2009 for claims 2 and 3= $0 + $50 = $50

Thus, RY 2008 incurred losses as of 12/31/2009 $850 + $50 = $900.

. 200 + 600 - 300 + 500 + 200 + 50 + 200 = 1,450

. 50 + 100 + 50 = 200

100 + 200 + 500 + 500 + 200 + 50 + 100 + 50 = 1700

. 500 + 200 + 50 + 100 + 50 = 900

. Advantage: True match between premiums and losses
Disadvantage: Extended development. It takes longer to develop.

® Q0T
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Solutions to questions from the 2011 exam:
Question 7 — Model Solution 1

There is no overlap when developing loss and trending loss. Trending loss will rend loss from the
midpoint of experience period to the midpoint of the exposure period. Developing loss will develop loss
from the midpoint of the exposure period to the ultimate.

Question 7 — Model Solution 2

The overlap fallacy between loss development and trend clarifies than there actually is no overlap, or double-
counting, between the two adjustments. Trend brings historical losses to the projected cost level/ environment
of the future period, whereas development brings these losses to their ultimate settlement value.

The graph below demonstrates this:
TREND Development

L

B
L

Projected period for new rates

T

Historical experience

Question 17. Given 5 claim amounts; ¢Basic limit = $25,000; « Total limits severity trend = 10%
Calculate the excess loss trend.

Question 17 — Model Solution

[Loss*(1.0+Trend)]— Limit
Loss — Limit

Excess loss trend = Excess trended losses/Excess losses

When Limit < LoSS, Excess loss trend =

Claim # Loss XS Loss Trended Loss XS Trended Loss
= loss x (1+10%)
1) (2) 3) (4) )
1 10,000 0 11,000 0
2 15,000 0 16,500 0
3 30,000 5,000 33,000 8,000
4 35,000 10,000 38,500 13,500
Total 15,000 21,500

(3) = (1) - 25,000, if (1) is greater than 25,000; otherwise (3) =0
(5) = (4) - 25,000, if (4) is greater than 25,000; otherwise (5) =0

Excess Loss trend = 21,500/15,000 — 1 = 43.33%
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Section 2: Effects of WC Benefit Level Changes
Solutions to questions from the 1995 exam:

Question 37.
Average benefit (after the change)

Direct effect of a benefit change = - .
Average benefit (before the change)

Current Proposed
Replacement (Compensation) rate =% of the pre- .50 .667
injury wage =
Max benefit is set equal to a % state average weekly  None .667*1.875 =1.25
wage (SAWW)
Min benefit is set equal to .50* (SAWW) = .50*1.0=.50 .667*.75 = .50
Average Benefit Computed:: (R Rate)*(% SAWW)*(Cum % of workers)
The % of workers earning > (1.25 * SAWW ) receive None .667*1.875*(1-.96) =.05
max benefits
The % of workers earning < (.50 * SAWW ) receive .50*1.0*.6=.30 .667*.75*.35 = .175
min benefits

(R Rate) * (cumulative % of wages)

Workers earning between the maximum and the .50%(1-.38) = .31 .667%(.86-.17) = .46
minimum receive benefits of equal to a % of their
pre-injury wage

Total | .30+.31=.61 | .05+.175+.46=.685

The direct effect of a benefit change = .685/.610 - 1.0 = 12.3.
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Solutions to the questions from the 1999 exam
Question 38.

To compute the average benefit, begin by re-stating the %s in the given table as cumulative %s.

Ratio to Cum % Of Cum % Of
Average Wage Workers Wages
50% 15% 6%
75 35% 18%
1.00 60% 39%
1.50 80% 63%
2.00 95 89%
2.50 100% 100%

Next, determine the % of workers receiving the maximum and minimum benefit. These values are found
by looking in the table above for the % of workers earning a certain percentage of the average wage such
that the product of (ratio to average wage ) * (compensation rate) equals 150% and 75% of the state
average wage respectively.

Maximum benefit = 1.50 of average wage

Note: At the maximum benefit limit, the compensation rate
(.75) times the ratio to the state average wage (2.0) equals
1.50 of the state average weekly wage.

Minimum benefit = 0.75 of average wage

Note: At the minimum benefit limit, the compensation rate
(.75) times the ratio to the state average wage (1.0) equals
.75 of the state average weekly wage.

Compensation rate = 0.75 of pre-injury wage

Computation of the average benefit:

Benefits as a % of

wages
Workers earning > 2.0 times the state average weekly wage receive max .75*2.0*.05=.075
benefits

Workers earning < 1.0 times the state average weekly wage receive min 75*1.0*.60 = .45
benefits

Workers earning between the maximum and the minimum receive benefits .75 * (.89 - .39) = .375
of =a % of their pre-injury wage (R Rate) * (cumulative % of wages)

Total | .075 + .45 + .375 = .90

Thus, the average benefit is equal to 90% of the state average weekly wage:
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Solutions to the questions from the 2001 exam
Question 48.

a. (1 point) Calculate the average benefit as a percentage of the statewide average weekly wage.

Determine the % of workers receiving the maximum and minimum benefit. These values are found by looking
in the given table for the % of workers earning a certain percentage of the average wage such that the
product of (ratio to average wage ) * (compensation rate) equals 100% (900/900) and 40% (360 / 900) of the
state average wage respectively.

Maximum benefit = 1.00 of average wage

Note: At the maximum benefit limit, the compensation rate (given as .667) times
the ratio to the state average wage (1.50) equals 1.00 of the state average
weekly wage.

Minimum benefit = 0.40 of average wage

Note: At the minimum benefit limit, the compensation rate (.667) times the ratio
to the state average wage (.60) equals .40 of the state average weekly wage.
Compensation rate 0.667 of pre-injury wage (given)

Computation of the average benefit:

Benefits as a % of wages

Workers earning > 1.50 times the state average weekly wage .667*1.5*.10=.10
receive max benefits
Workers earning < 0.60 times the state average weekly wage .667 * .60 * .25 =.10

receive min benefits

Workers earning between the maximum and the minimum .667 * (.82 - .13) = .4602

receive benefits of =a % of their pre-injury wage (R Rate) *

(cumulative % of wages)

Total | .10 +.10 + .4602 = .6602
Thus, the average benefit is equal to 66.2% of the state average weekly wage (900) = 594.21

b. (1 point) Calculate the direct effect of changing the compensation rate from 66.7% to 80.0% of the pre-injury
wage.
Average benefit (after the change)

Average benefit (before the change) -
Benefits as a % of wages

Direct effect of a benefit change =

Workers earning > 1.25 times the state average weekly wage .80*1.25*.20=.20
receive max benefits (.80 * 1.25 = 1.0)
Workers earning < 0.50 times the state average weekly wage .80*.50*.15=.06

receive min benefits(.80 * 50 = .40)

Workers earning between the maximum and the minimum .80 * (.67 -.07) = .48
receive benefits of = a % of their pre-injury wage (R Rate) *

(cumulative % of wages)

Total [ .10+.10 +.48=.74
Thus, the average benefit is equal to 74% of the state average weekly wage (900) = 666

Direct effect of a benefit change = 666 / 594.21 = 1.121 or 12.1%
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Solutions to the questions from the 2007 exam

40. (2.
a.
b.
C.

5 points) Workers compensation law changes can produce both direct and incentive (or indirect) effects.
(0.5 point) Explain what is meant by direct effect.

(0.5 point) Explain what is meant by incentive effect.

(0.75 point) Will implementation of cost of living adjustments have a direct effect, incentive effect,

or both? Explain your answer.

(0.75 point) Will changes in administrative procedures have a direct effect, incentive effect, or
both? Explain your answer.

CAS Model Solution

a. Adirect effect is the direct impact on premium or losses solely due to law change not taking into account
the human response to a change. For example, if the max benefit is increased, losses will automatically go
up because those already at the max will get an increase in benefits.

b. Anincentive effect is the impact a change has on premium and losses because of the change in human
behavior. For example, if the duration of benefits is lengthened, more people that are ready to go back
may malinger to get benefits longer.

c. Both. Direct — Increase in indemnity payments because they will be adjusted upwards with inflation.
Indirect — More people may stay out of work longer because their benefits are keeping up with inflation.
Previously, they may have returned to work because their benefits were not a sufficient amount.

d. Incentive effect only — Administrative procedures that make it easier to file claims may cause some to file
claims they wouldn’t have in the past.

Solutions to questions from the 2008:

Model
Step 1:

Step 2:

Step 3:

Solution - Question 19

Write an equation to determine the direct benefit level effect of increasing the maximum

benefit to $100.
Direct effect of a benefit change = [Avg benefit (after the change)/ Avg benefit (before the change]) — 1.0
Write an equation to determine the average benefit (effective compensation rate).

The average benefit is computed as the sum of the following:
1. Benefits, as a % of wages, for the % of workers earning the minimum % of the SAWW.
2. Benefits, as a % of wages, for the % of workers earning at least the maximum % of the SAWW.

3. Benefits, as a % of wages, for the % of workers earning between the minimum % of the SAWW and
the maximum % of the SAWW.

Compute the % of workers earning benefits for each of the three groups of workers identified in Step 2,
before increasing the max benefit to $100.

1. The % of workers earning the minimum % of the SAWW. With a compensation rate of .667, the
minimum benefit of $50 is received by a worker making $75 ($50/.667), and $75 as a % of the SAWW
of $100 equals .75. Using this as the lookup value for table give in the problem, 35% of workers earn
the minimum benefit.

2. The % of workers earning the maximum % of the SAWW. With a compensation rate of .667, the
maximum benefit of $67 is received by workers making at least $100 ($67/.667), and $100 as a % of
the SAWW of $100 equals 1.0. Using this as the lookup value for table give in the problem, 40%
(1.0 - .60) of workers earn at least the maximum benefit.

3. The % of wages unaffected by the min and max limits for workers earning between the minimum %
and maximum % of the SAWW. Workers between the limits earn 42% - 20% = 22% of state wages.
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Solutions to questions from the 2008:

Model Solution - Question 19 (continued)

Step 4. Compute benefits, as a % of wages, for each of the three groups of workers indentified in Step 2.
1. % of workers * min wages as a % of the SAWW * the compensation rate = .35 * .75 * .667 = .1751
2 % of workers * max wages as a % of the SAWW * the compensation rate = .40 * 1.0 * .667 = .2668
3 % of workers * the compensation rate = .22 * .667 = .1467
Current effective compensation rate = .1751 + .2668 * .1467 = .5886

Step 5: Repeat Steps 3 and 4 to determine the % of workers earning benefits for each of the three groups of
workers identified in Step 2, after increasing the max benefit to $100.

1. Workers earning no more than 1 half of the SAWW receive the minimum benefit. [Two thirds
of 0.75 times the SAWW equals half the SAWW which equals the min benefit.]

These benefits, as a percentage of wages, are 2/3 x .75 x 35% = 17.51%

2. Workers earning at least one and a half times the SAWW receive the maximum benefit. [Two
thirds of 1.5 times the SAWW equals the revised maximum benefit].

These benefits, as a percentage of wages, are 2/3 x 1.5 x (100% - 91%) = 9%.

3. Workers earning between one half of the SAWW and one and a half times the SAWW receive
benefits equal to two thirds of their pre-injury wages.

These benefits, as a percentage of wages, are 2/3 x (81% - 20%) = 40.69%.
Revised effective compensation rate = 9% + 17.51% + 40.96% = 67.47%

Step 6: Using the equation in Step 1, and the results from Steps 3 and 5, compute the direct benefit level effect.
Direct benefit level affect = .6747/.5886 - 1.0=.1416

b. Incentive effects are the human behavioral responses to changes in the direct effects of increasing or
decreasing benefit levels, compensation rates, etc.

c. Because increasing the maximum benefit increased the effective compensation rate, we might expect to see
longer duration injuries, since injured workers are receiving more benefit, they have less incentive to return to
work. We would also expect an increase in claims, since workers will be paid more for injuries, they will report
more injuries.

Solutions to questions from the 2009 exam:
Question 26

a. (0.5 point) Calculate the direct effect of this benefit change.
b. (0.5 point) Briefly explain two possible indirect effects of this change.
a. Before the change: benefits = (.5)(pre-tax pay)
After the change: benefits = (.85)(post-tax pay)
= (.85)(1 - .30)(pre-tax pay) =(.595)(pr- tax pay)
The direct effect of the benefits change is that benefits have increased by (.595/.5 - 1= .19 = 19%

b1l .We would expect higher frequencies, since the higher benefit will provide employees with more incentive to
file claims

b2. We would expect employees to stay on disability longer, rather than returning to work, since they will receive
higher benefits.
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Solutions to questions from the 2010 exam:

Question 23

a. (2 points) Calculate the direct effect of the change in maximum benefits on losses.

b. (0.5 point) Explain a potential indirect effect of the change in maximum benefits on losses.
Part a.

The key is to calculate the benefits provided before and after the change to determine the direct
effect.

The minimum benefit is 48% of the SAWW ($1,500) which equals $720 (= $1,500 x 48%).
The minimum benefit of $720 applies to workers who earn less than 60% of the SAWW (i.e. $720 =

80% x 60% x $1,500), given the current compensation rate of 80%. Min compensation = % =60%

The aggregate benefits for 64 employees in this category are $46,080 (= 64 x $720).

The maximum benefit is 128% of the SAWW ($1,500) and thus equals $1,920 (= $1,500 x 128%).

The maximum benefit of $1,920 applies to workers who earn more than 150% of the SAWW (i.e. $1,920 =

80% x 160% x $1,500), given the current compensation rate of 80%. Max compensation= % =160%

The aggregate benefits for the 29 employees in this category are $55,680 (= 29 x $1,920).

The remaining 198 (= 144 + 33 + 21) employees fall between the minimum and maximum benefits.

This means their total benefits are 80% of their actual wages or $246,240 (= ( 80% x 196,200 ) + ( 80% x
64,350) + (80% x 47,250) ).

The sum total of benefits is $348,000 (= $46,080 + $55,680 + $246,240) under the current benefit
structure.

Once the maximum benefit is reduced from 128% to 112% of the SAWW, more workers will be subjected
to the new maximum benefit.

Workers earning approximately >140% of the SAWW are subject to the maximum (i.e. $1,680 = (80% x
140% x $1,500) > $1,680). These 50 (= 21 + 29) workers will receive $84,000 (= 50 x $1,680) in benefits.

New compensation = % =140%

Workers subject to the minimum benefit, 64, are not impacted by the change, and their benefits remain
$46,080.

There are now only 177 (= 144 + 33) employees that receive a benefit equal to 80% of their pre-injury wages or:
$208,440 (= (80% x 196,200) + (80% x 64,350)) because more workers are now impacted by the maximum.
The new sum total of benefits is $338,520 (= 84,000 + 46,080 + 208,440).

The direct effect from revising the maximum benefit is -2.724 (= 338,520/348,000 — 1.0).

Part b.

An indirect effect of lowering the max benefit would be a change in claimant behavior. Higher wage earnings may
return to work faster as their benefits would not be as favorable as they had been prior. This might compound
the decrease in total compensation.

Exam 5, Vla Page 208 © 2014 by All 10, Inc.



Chapter 6 — Losses and LAE
BASIC RATEMAKING — WERNER, G. AND MODLIN, C.

Solutions to questions from the 2012 exam:

7. Develop the projected ultimate loss and LAE for accident year 2010 losses using the data above. To
satisfy the state requirements, fully describe the rationale for the selections for loss development, loss
trend, and ULAE.

Question 7 — Model Solution 1 (Exam 5A Question 7)
Loss Development

The ‘06 12-24 factor is a one-off high valve indicating a onetime event. This should be excluded from the
selection. Also, the past 3 yrs. 24-36 avg. is stable and has decreased by an absolute 0.1 value from the
‘04 and 05 levels. All other periods are stable and relatively consistent.

Based on this, | select the Avg. last 3 yrs. as my LDF.

Loss Trend:
Frequency: The frequency over the past 12 quarters has been decreasing and leveled off in the final year.
| would check w/management about any initiatives they took to decrease the frequency. | would think,
based on the data, a process was taken and was effective at bringing freq down to the 0.065 level, but we
can expect the stable value going forward.

Freq trend = 0%
Severity : The book went through a shift in Pure premium, freq, and severity after March 2009. The PP is
significantly less implying smaller risks were written which brought down severity. After the pure premium
stabilized in June '09 we see an increasing trend in severity. To recognize this trend, but not include the
seventy values from prior '09 June, | would use the 6pt severity trend.

Sev Trend = 5.6%

Trend period:  7/1/2010 -> 4/1/2014  3.75

ULAE: The book went through a shift after ‘08 and saw a reduction in freg/sev of claims. | would consult
the claims dept about how this is effecting their operations w/the change in the type of claims going
forward. Since '08 is considerably different than '09 and '10 | would take an average of the ULAE ratio for
these years as they reflect the environment going forward. Selecting only 10 would be based on the
results of my conversations w/claim and could overstate the true ULAE ratio.

ULAE = (15+ 15.6) / 2 = 15.3%
Ult Loss & LAE = 50k x (1.65 x 1.2 x 1.05 x 1.04) Dev x (1 + 0 + .056)"3.75 trend x 1.153 ULAE

Ultimate Loss and LAE = 152.907
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Question 7 — Model Solution 2 (Exam 5A Question 7)

Loss Development: Notice that from 36-48 and onward, the link ratio are the same. So focus on 12-24
first. Notice that the all year average is high because of Accident Year 2006 in this maturity. This is likely
an anomaly- due to a large loss. The other years in the maturity do not seem substantially different, so
select the ex-hi/lo average. Now consider the 24-36 category. There is steady decrease in age-to-age
factors here. Given this, | would select the Average ;st 3 years average.

So selected link ratios are

12-24 24-36 | 36-48 48-60 60-72 72-ult
1.7 1.2 1.05 1.04 1. 1
Freqg

Loss Trend: Over the last year, frequency is very stable. However, it is declining in all other years. To
balance stability of selections (represent the decreasing trend) but also be responsive (recognize that the
trend has leveled off some) | would select -2% (between the 4 and 8 point fits).

Sev

Since June 2009, severity trend has been increasing at about +6%. The negative trends appear to be
the result of the June 2008 -> March 2009 year, which has much higher severity than all other years.
Therefore, adjusting or excluding the year is appropriate. Here, | choose to exclude. Since the 6-point
and 4-pt fits are so similar, | feel a 6% is well supported.

Pure prem

Our selections imply a (1.06) * .98 = 1.0388 => 3.88% pure premium trend. Looking at the pure premium
and excluding the data points from June 2008 to March 2009, we can see that a 3.88% will balance
stability and reasonableness - it falls between the 6 and 4 point fits. Thus, a 3.88% pure premium trend
is appropriate.

ULAE No compelling reason is seen in regards to differences in paid.

Loss and ALAE by year. The ULAE ratio does seem to be going, but it could be skewed by the fact that
ULAE is more responsive to claim volume growth than Paid loss is (since paid loss is often from accidents
occurring in prior years).

So, 15.6% is not appropriate, but 14.5% would not be either without more information on the claims dept.
So we select on all-year average of 15% ULAE ratio, which has the added benefit of being explainable to
regulators.

Avg. date of loss Avg. date of future loss
Our trend paired is from 7/1/2010 -> 4/1/2014, 3.75 years

Ultimate projected loss of LAE = 50,000 x 1.7 x 1.2 x 1.05 x 1.04 x 1.0388 ~ (3.75) x 1.15 = 147,745.90
Examiner's Comments

Candidates generally justified the loss development factor selections well. Some candidates did lose
credit for not including justification. Occasionally candidates’ factors did not match the justification,
resulting in the loss of points. Most candidates were able to identify the flat frequency trend and picked a
four-point trend. The most common error was selecting a longer projection period without justification of
why a decreasing trend was reasonable given the latest points. Many candidates failed to mention either
the shock loss or the increasing pattern for severity in recent periods. Some candidates incorrectly
calculated the trend period. Some candidates failed to provide justification for the ULAE selection. Most
candidates projected ultimate loss and LAE correctly.
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1  Simple Example 125 - 126

How expenses and profit are incorporated within the fundamental insurance equation in the ratemaking process.
Assume the following:

= The average expected loss and LAE (E—i— E_L ) for each policy is $180.
= The insurer incurs $20 in expenses (EF ) for costs associated with printing and data entry, etc. each

time it writes a policy.

= 15% of each dollar of premium collected covers expenses that vary with the amount of premium, (V),
(e.g. premium taxes).

= Company management has determined that the target profit provision (QT) should be 5% of premium.

If the rates are appropriate, the premium collected will be equivalent to the sum of the expected losses, LAE,
underwriting (UW) expenses (both fixed and variable), and the target underwriting profit.

Using the notation below, the fundamental insurance equation can be re-written.
X = Exposures

P;:P = Premium; Average premium (P divided by X)
\Y =Variableexpense provision(E, divided by P)
Qr  =Target profit percentage

L;L = Losses; Pure Premium(L divided by X)

E ;E, = Loss Adjustment Expense(LAE); Average LAE per exposure(E, divided by X)

E.;E. = Fixed underwriting expenses; Average underwriting expense per exposure(EF divided by X)
E, =Variable underwriting expenses
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Premium = Losses + LAE + UW Expenses + UW Profit
P=L+E + (Ef +V*P) +Q; *P
P-V +Q)*P=L+E +E;
I:):[L+EL+EF]

[1-O'V'QT]
o [L+E +E]1/X _[L+E,+E]

[LO-V-Q]1  [LO-V-Q]
Substituting the values from the example into the formula produces the following premium:

P L+E +E. _  [$180+$20] _ $250
[1.0-V-Q] [L.0-0.15-0.05]

The company should charge $250, composed of $180 of expected losses and LAE, $20 of fixed expenses,
$37.50 (= 15% x $250) of variable expenses, and $12.50 (= 5% x $250) for the target UW profit.

This chapter focuses on determining the fixed expense provision (i.e. $20), the variable expense provision (i.e.
15%), and the profit provision (i.e. 5%).

2 Underwriting Expense Categories 126 — 127

Underwriting expenses (or operational and administrative expenses) are usually classified into the
following four categories:

e Commissions and brokerage
»  Other acquisition

» Taxes, licenses, and fees

e General

1. Commissions and brokerage:
= are paid as a percentage of premium written.
= may vary between new and renewal business.

Contingent commissions vary based on the quality (e.g. a loss ratio) or amount of business written
(e.g. predetermined volume goals).

2. Other acquisition costs (e.g. media advertisements, mailings to prospective insureds, and salaries of
sales employees who do not work on a commission) are expenses to acquire business other than
commissions and brokerage expenses.

3. Taxes, licenses, and fees (e.g. premium taxes and licensing fees) include all taxes and miscellaneous
fees due from the insurer excluding federal income taxes.

4. General expenses (e.g. overhead associated with the insurer's home office (e.g. building
maintenance) and salaries of certain employees (e.g. actuaries)) include the expenses associated with
insurance operations, excluding investment income expenses.
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The u/w expense provision is further divided into two groups: fixed and variable.

Fixed expenses (e.g. overhead costs associated with the home office) are assumed to be the same for
each risk, regardless of premium size (i.e. the expense is a constant dollar amount for each risk or policy).

Variable expenses (e.g. premium taxes and commissions) vary directly with premium and thus are
constant percentage of the premium.

The magnitude and distribution of underwriting expenses vary significantly for different lines of business.

= Commissions tend to be much higher in lines that require a comprehensive inspection at the
onset of the policy (e.g. large commercial property) than for lines that do not involve such activity
(e.g. personal auto).

= Expenses can even vary significantly by company within a given line of business.
i. A national direct writer may incur significant other acquisition costs for advertising.

ii. An agency-based company may rely more heavily on the agents to generate new business; which
should lower other acquisition costs, but might be partially offset by higher commission expenses.

Three different procedures used to derive expense provisions for ratemaking:
= All Variable Expense Method
=  Premium-based Projection Method
= Exposure/Policy-based Projection Method

3  All Variable Expense Method 127 - 130

The All Variable Expense Method treats all expenses as variable (i.e. all expenses are assumed to be a
constant percentage of premium). This method:

= assumes that expense ratios during the projected period will be consistent with the historical
expense ratios (i.e. all historical underwriting expenses divided by historical premium).

= is widely used when pricing products for which the total u/w expenses are dominated by variable
expenses (i.e. commercial lines products).

The table below shows an example of this method for deriving the other acquisition expense provision of
a commercial general liability insurer.

Other Acquisition Provisions Using All Variable Expense Method

3-Year
2013 2014 2015 Average Selected
a Countrywide Expenses $72,009 $104,707 $142,072
b Countrywide Written Premium  $1,532,091 $1,981,109 $2,801,416
c Variable Expense % [(a)/(b)] 4.7% 5.3% 5.1% 5.0% 5.0%

Historical CY expenses are divided by either CY written or earned premium during the same historical
experience period.
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The choice to use WP or EP depends on whether the expenses are incurred at the onset of the policy
(e.g. commissions) or throughout the policy (e.g. building maintenance).

= WP is used when expenses are incurred at policy inception (as it reflects the premium at the
onset of the policy).

= EPis used when expenses are assumed to be incurred throughout the policy (as it reflects the gradual
payment of expenses that can be proportional to the earning of premium over the policy term).

= The choice of WP or EP has little impact if an insurer’s volume of business is not changing materially
(since WP is approximately to EP).

= If the insurer is growing (or shrinking) significantly, WP will be proportionately higher (or lower) than EP.
Also, acquisition costs will be higher (or lower) during a period of stable volume.

= Use of an appropriate premium measure provides a better match to the types of expenses incurred
during the historical period.

The Annual Statement and Insurance Expense Exhibit (IEE) contain historical expense and premium data.

However, this data may not be available in the level of detail needed for ratemaking purposes (e.g.
homeowners data includes renters and mobile homes data, and as a result, may not be appropriate for
deriving expense provisions specifically for homeowners policies).

The choice to use countrywide or state data varies by type of expense.

= Other acquisition costs and general expenses are assumed to be uniform across all locations, so C/W
data from the IEE are used to calculate these ratios.

= The data used to derive commissions and brokerage expense ratios varies from carrier to carrier (e.g.
some insurers use state-specific data and some use C/W data, depending on whether the insurer’s
commission plans vary by location).

= TL&F vary by state and the expense ratios are based on state data from the Annual Statement.
Data Summarization for All Variable Expense Method

Expense Data Used Divided By
General Expense Countrywide Earned Premium
Other Acquisition Countrywide Written Premium
Commissions and Brokerage Countrywide/State Written Premium
Taxes, Licenses, and Fees State Written Premium

Historical expense ratios for each category and year are calculated.

The selected ratio is based on either the latest year’s ratio or a multi-year average of ratios along with
management input, prior expense loads, and judgment.

Since the ratemaking process is a projection of future costs, the actuary should select an expense ratio
consistent with what is expected in the future (examples of this are as follows):

e If the commission structure is changing, use the expected commission percentage.

» If productivity gains led to a reduction in staffing levels during the historical experience period, then the
selected ratios should be based on the expected expenses after the reduction vs. an all-year average.

« A growing portfolio can cause expense ratios to decrease (since volume will increase faster than

expenses); however, if the insurer plans to open a new call center to handle greater planned growth,
consider that fixed costs will increase in the short-term until the planned growth is achieved.

If there were non-recurring expenses during the historical period, examine the materiality and nature of the
expense to determine how to best incorporate the expense in the rates (if at all).
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A few states place restrictions on which expenses can be included when determining rates (e.g. not allowing an
insurer to include charitable contributions or lobbying expenses in its rates).

This procedure described is repeated for each of the expense categories, and the sum of the selections is the
total expense provision. This provision is used directly in the loss ratio or pure premium rate level indication
formulae (see Chapter 8).

Potential Distortions Using this Approach

By treating all expenses as variable, this understates the premium need for risks with a relatively small policy
premium and overstates the premium need for risks with relatively large policy premium.

Assume the $20 of fixed expense (EF ) is included as a percentage with the other 15% of variable expenses (V).
The $20 as a ratio to premium is 8% (= $20 / $250).
Treating all expenses as variable, the premium calculation becomes:

- L+E, $180

P =$250

TLo-v+ (E./P)-Q.] " [L0—(0.15+0.08) —.005]

Since the fixed dollar amount of $20 is exactly equivalent to 8% of $250 (i.e. the provision for the average risk),
this approach produces the same result (i.e. $250) as the example that had the fixed expense included in the
numerator as a fixed dollar amount.

The table below shows the results of the two methods for risks with a range of average premiums.
Results of All Variable Expense Method

Correct Premium All Variable Expense Method
Variable Variable
Expense Expense
Fixed And Fixed And

Loss Cost|Expense Profit  Premium | Expense Profit Premium | %Diff
$135 $20 20% $193.75 $- 28%  $187.50 -3.2%
$180 $20 20% $250.00 $- 28%  $250.00 0.0%
$225 $20 20% $306.25 $- 28%  $312.50 2.0%

The All Variable Expense Method undercharges risks with premium less than the average and
overcharges the risks with premium more than the average.

Therefore, insurers that use this approach may implement a premium discount structure that reduces the
expense loadings based on the amount of policy premium charged.

= This is common for WC insurers (see Chapter 11).

= Some insurers using the All Variable Expense Method may also implement expense constants to
cover policy issuance, auditing, and handling expenses that apply uniformly to all policies.
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4  Premium-Based Projection Method 130 - 133

For insurers with a significant amount of both fixed and variable u/w expenses, the premium based
projection method is used since it recognizes the two types of expenses separately.

= Like the All Variable Expense Method, it assumes expense ratios during the projected period will
be consistent with historical expense ratios

= The enhancement is that this approach calculates fixed and variable expense ratios separately
(as opposed to a single variable expense ratio) so that each can be handled more appropriately
within the indication formulae.

General Expense Provisions Premium-Based Projection Method

2013 2014 2015 3-Year | Selected
Average

a Countrywide Expenses $26,531,974 $28,702,771 $31,195,169

b Countrywide Earned Premium $450,000,000 $490,950,000 $530,000,000

c Ratio [(a) / (b)] 5.9% 5.8% 5.9% 5.9% 5.9%
d % Assumed Fixed 75.0%
e Fixed Expense % [(c ) x (d)] 4.4%

f Variable Expense % [(c ) x (1.0-(d))] 1.5%

Step 1: Determine the % of premium attributable to each expense type by dividing historical underwriting
expenses by EP or WP for each year during the historical experience period.

Here, general expenses are assumed to be incurred throughout the policy period, and thus are
divided by EP.

Step 2: Choose a selected ratio (e.g. if the ratios are stable over time, a 3-year average may be chosen;
if the ratios demonstrated a trend over time, the most recent year’s ratio or some other value may
be selected).

Step 3: Divide the selected expense ratio into fixed and variable ratios (using detailed expense data so
that this division can be made directly, or using activity-based cost studies that help split each
expense category appropriately).

The example assumes 75% of the general expenses are fixed, and that percentage is used to
split the selected general expense ratio of 5.9% into a fixed expense provision of 4.4% and a
variable expense provision of 1.5%.

Step 4: Sum the fixed and variable expense ratios across the different expense categories to determine
total fixed and variable expense provisions.

If the average fixed expense per exposure (required for the pure premium approach discussed in
Chapter 8) is needed, the fixed expense provision can be multiplied by the projected average premium.

Fixed Expense Per Exposure = Fixed Expense Ratio x Projected Average Premium

Potential Distortions Using this Approach

This approach assumes that historical fixed and variable expense ratios will be the same as in the projected
period. . (Note: Recall that an actuary CAN select other than the historical ratios.)

However, the fixed expense ratio will be distorted if the historical and projected premium levels are materially
different.
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Situations that can cause such a difference to exist:

1. Recent rate increases (or decreases) implemented during or after the historical period will tend to overstate (or
understate) the expected fixed expenses.

Also, using 3-year historical expense ratios increases the chances of rate changes not being fully reflected in
the historical premium.

Solution: Restate historical written or earned premium at current rate level (see Chapter 5).

2. Distributional shifts that have increased the average premium (e.g. shifts to higher amounts of insurance) or
decreased the average premium (e.g. shifts to higher deductibles) will tend to overstate or understate the
estimated fixed expense ratios, respectively.

Using 3-year historical expense ratios increases the impact of these premium changes by increasing the
amount of time between the historical and projected periods.

Solution: Trend historical premium to prospective levels (see Chapter 5).

3. Countrywide expense ratios that applied to state projected premium to determine the expected fixed expenses
can create inequitable rates for regional or nationwide carriers.

= This process allocates fixed expenses to each state based on premium.

= However, the average premium level in states varies due to overall loss cost differences (e.g. coastal
states tend to have higher overall homeowners loss costs) as well as distributional differences (e.g. some
states have a significantly higher average amount of insurance than other states).

= If significant variation exists in average rates across the states, estimated fixed expenses will be
overstated in higher-than-average premium states and understated in the lower-than-average average
premium states.

Assume the historical fixed expense ratio was calculated when the average premium level was $200 rather than
$250, then the historical expense ratio is 10% (= $20 / $200).

If the 10% is applied to the premium at current rate level, the projected dollars of fixed expense will be $25
(=$10% x $250), and the overall indicated average premium will be overstated:

o [L+E+E.] __ [$180+525]
[LO—V—-Q.] [L0—0.15-0.05]

Alternatively, the actuary can use a fixed expense projection method based on exposures or number of policies.

=$256.25

5 Exposure/Policy-based Projection Methods 133-135

Variable expenses are treated the same way as the Premium-based Projection Method, but historical
fixed expenses are divided by historical exposures or policy count rather than premium.

If fixed expenses are assumed to be constant:
= for each exposure, historical expenses are divided by exposures.
= for each policy, historical expenses are divided by the number of policies.
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The table below shows the development of the fixed and variable expenses for the general expenses category.
(although the example uses exposures, the procedure is the same if policy counts are used instead.)

General Expense Provisions Using Exposure-Based Projection Method

2013 2014 2015 3-Year | Selected
Average
a Countrywide Expenses $26,531,974 $28,702,771 $31,195,169
b % Assumed Fixed 75.0%
¢ Fixed Expense $ [(a) x (b)] $19,898,981 $21,527,078 $23,396,377
d Countrywide Earned Exposures 4,378,500 4,665,500 4,872,000
e Fixed Expense Per Exposure [(c) / (d)] $4.54 $4.61 $4.80 $4.65 $4.65
f Variable Expense $ [(a) x (1.0-(b))] $6,632,994 $7,175,693 $ 7,798,792
g Countrywide Earned Premium $450,000,000 $490,950,000 $545,250,000
h Variable Expense % [(f) / (9)] 1.5% 1.5% 1.4% 1.5% 1.5%

= Expenses are split into variable and fixed components (the assumption that 75% of GE are fixed is used).
= Fixed expenses are then divided by the exposures for that same time period.

= GEs are assumed to be incurred throughout the policy and thus are divided by earned exposures to
determine an average expense per exposure for the indicated historical period.

Data Summarization for Exposure/Policy-Based Projection Method

Divided By
Expense Data Used Fixed Variable
General Countrywide Earned Exposure Earned Premium
Other Acquisition Countrywide Written Exposure Written Premium
Commissions and Brokerage Countrywide/State ~ Written Exposure Written Premium
Taxes, Licenses, and Fees State Written Exposure Written Premium

= Selected expense ratios are based on either the latest year or a multi-year average.

= Similar values for the projected average expense per exposure imply expenses are increasing or
decreasing proportionately to exposures.

= If the insurer is growing and the projected average expense per exposure is declining each year, then
expenses may not be increasing as quickly as exposures due to economies of scale.

= Non-recurring expense items, one-time changes in expense levels, or anticipated changes in
expenses should be considered in the selection process.

= If the rate level indication approach requires that the fixed expense be expressed as a percentage of
premium (i.e. when using the loss ratio approach, see Chapter 8), then the average fixed expense per
exposure should be divided by the projected average premium.

Average Projected Fixed Expense Per Exposure

Projected Fixed Expense Ratio= _ .
Projected Average Premium

Variable expense ratios (variable expenses divided by historical premium) are treated the same way under both
the Premium-based and Exposure/Policy-based Projection Methods.

The three-year average variable expense provision is selected in the example above.
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Other Considerations/Enhancements
Shortcomings with the Exposure/Policy-based Projection Method

1. First, the method requires the actuary to split the expenses into fixed and variable portions (like the
Premium-based Projection Method and is done judgmentally).

Activity-based cost studies will more accurately segregate expenses.

Sensitivity testing shows that the overall indication not materially impacted by moderate swings in % of
expenses.

2. The method allocates countrywide fixed expenses to each state based on the exposure or policy distribution
by state (as it assumes fixed expenses do not vary by exposure or policy).

However, average fixed expense levels may vary by location (e.g. advertising costs may be higher in some
locations than others).

Note: If the insurer collects data at a finer level to make more appropriate adjustments, the cost of the data
collection should be balanced against the additional accuracy gained.

3. Some expenses considered fixed actually vary by certain characteristics (e.g. fixed expenses may vary
between new and renewal business).

= This only affects the overall statewide rate level indication if the distribution of risks for that
characteristic is either changing dramatically or varies significantly by state, or both.

= Any material fixed expense cost difference not reflected in the rates will impact the equity of the two
groups (even if there is no impact on the overall rate level indication).

= Material differences in new and renewal provisions should be reflected with consideration given to
varying persistency levels as described by Feldblum in “Personal Automobile Premiums: An Asset
Share Pricing Approach for Property/ Casualty Insurers” (Feldblum 1996). This article is part of the
2010 CAS Exam 5 Syllabus.

4. The existence of economies of scale in a changing book may lead to increasing or decreasing projected
average fixed expenses.

Internal expense trend data and actuarial judgment should suffice for incorporating the impact of economies
of scale.

6 Trending Expenses 135 -137

Expenses are expected to change over time due to inflationary pressures and other factors.

= Since variable expenses automatically change as the premium changes, there is no need to trend the
variable expense ratio.

= However, average fixed expense per exposure or policy are expected to increase over time due to
inflation.

In the Premium-based Projection Method:

= If the average expenses and average premium are changing at the same rate, then the fixed expense
ratio will be consistent and no trending is needed.

= However, if average fixed expenses are changing at a different rate than average premium, then the
fixed expense ratio needs to be trended.
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In the Exposure/Policy-based Projection Method:
= [f an inflation-sensitive exposure base (e.g. payroll per $100) is used, no trending is needed if the
expenses and exposure base are changing at the same rate.
= If a non-inflation sensitive base (e.g. car-year or house-year) or policy counts are used, average fixed
expenses are expected to change over time and trending is appropriate.

Data used:
= Some insurers use internal expense data (examining the historical change in average expenses) to
select an appropriate trend.
= However, internal data maybe volatile and insurers may use government indices (e.g. Consumer Price
Index, Employment Cost Index, etc.) and knowledge of anticipated changes in company practices to
estimate an appropriate trend (see the procedure in Appendix B).

Trending:

The selected fixed expense ratio will be trended from the average date that expenses were incurred in the
historical expense period to the average date that expenses will be incurred in the forecast period of the rates.

= Expenses incurred at policy inception should be trended from the average date that the policies were
written in the historical period to the average written date in the projection period.

= Assume annual policies are sold, a steady book of business is maintained, and projected rates will be in
effect for one year:
Expenses Incurred at the onset of the Policy

I Expense Trend Factor
100%

=
=
|
=
- E
o=
= o500
E j - 0 (]
[
=
0% } ] } }

1/1/15 1/1/16 1/1/17 1/1/18

= Expenses incurred evenly throughout the policy period should be trended from the average date the
policies were earned in the historical period to the average earned date in the projection period.

Expenses Incurred Throughout Policy

| Expense Trend Factor >
100%

50%

% of Policy Term
Expired

0 % } L & }
1/1/15 1/1/16 1/1/17 1/1/18

Points in time:

Since the experience period is a calendar year, the average date the policies are written and earned is the same.
However, expenses incurred throughout the policy are trended 6 months longer than expenses incurred at
inception.
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To simplify, actuaries make the assumption that all expenses are incurred either a policy inception or evenly
throughout the policy period.

After trending, the expense ratio or average dollar amount of expense is called the projected (or trended) fixed
expense provision.

7 Reinsurance Costs 137 — 137

Some ratemaking analysis is now performed on a net basis as reinsurance programs have become more
extensive and reinsurance costs have increased substantially.

In proportional reinsurance, the same proportion of premium and losses to the reinsurer so this type of
reinsurance may not need to be explicitly considered in ratemaking analysis.

With non-proportional reinsurance, projected losses are reduced for any expected non-proportional
reinsurance recoveries. However, the cost reinsurance must be included too. This is done by:

= reducing the total premium by the amount ceded to the reinsurer, or

= the net cost of the non-proportional reinsurance (i.e. the cost of the reinsurance minus the expected
recoveries) may be included as an expense item in the overall rate level indication.

8  Underwriting Profit Provision 138 — 138

By writing insurance, insurers assume risk and must maintain capital (which includes a reasonable profit
provision in their rates) to support that risk.

Total profit is the sum of investment income and underwriting profit: Total Profit = Il + UW Profit.

Investment Income (Il)
Two sources of Il are: Il on capital and Il on policyholder-supplied funds (PHSF).

Insurer capital funds:
= belonging to insurance company owners is known as equity.

= are also known as policy holder surplus (PHS) although the funds may be from investors rather than
policyholders.

Insurers invest these funds and earn Il (although disagreement exists as to whether this source of income should be
included in ratemaking or not).

Insurers invest money from 2 types of PHS: unearned premium reserves and loss reserves.
Insurers’ invest:

= premiums paid at policy inception (i.e. unearned premium) until it is earned.

= funds to pay for claims that have occurred, but have not yet been settled (i.e. loss reserves).
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Investment time period:

= For short-tailed lines (e.g. personal auto collision coverage or HO insurance), there is a short time
between the payment of premium and the settling of claims, and Il will be relatively small.

= For long-tailed lines (e.g. personal auto Bl or WC) there may be years between the time the premium is
paid and all claims are settled with the opportunity for Il to become much larger.

Projection of 1l is an advanced topic and is outside of the scope of this text.

Underwriting Profit
UW Profit = Premium - Losses - LAE - UW Expenses

The actuary determines the UW profit needed to achieve the target rate of return after consideration of Il.

= For some long-tailed lines, Il may be large enough that insurers can accept an UW loss and still achieve
the target rate of return.

= For short-tailed lines, Il is lower and the UW profit is a larger portion of the total return.

9 Permissible Loss Ratios 139 - 139

The expense and profit provisions are used to calculate a variable permissible loss ratio (VPLR) and the total
permissible loss ratio (PLR).

The variable PLR is calculated as follows:
VPLR = 1.0 - Variable Expense % - Target Profit% = 1.0 - V — Qr.

= This represents the % of each premium dollar to pay for the projected loss and LAE and projected
fixed expenses.

= The remaining portion of each premium dollar is intended to pay for variable expenses and for profit

The total PLR is calculated as follows:
PLR = 1.0 - Total Expense % - Target Profit%e =1.0-F -V — Q+
= This represents the % of each premium dollar to pay for the projected loss and LAE.
= The remaining portion of each premium dollar is intended to pay for all UW expenses and for profit

If all expenses are treated as variable expenses, the VPLR and PLR are the same.
These ratios are used in the calculation of the overall rate level indications (see Chapter 8).
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10 Key Concepts 139 - 139

1. Types of underwriting expenses
a. Commissions and brokerage
b. Other acquisition costs
c. Taxes, licenses, and fees
d. General expenses

2. Fixed and variable expenses
3. Expense projection methods
a. All Variable Expense Method
b. Premium-Based Projection Method
c. Exposure/Policy-Based Projection Method
4. Expense trending
5. Reinsurance costs
6. Underwriting profit provision
7. Permissible loss ratios

a. Variable permissible loss ratios
b. Total permissible loss ratios
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The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner, G.
and Modlin, C. were numerous. While past CAS questions were drawn from prior syllabus
readings, the ones shown below remain relevant to the content covered in this chapter.

By relevant, we mean the concepts tested on past CAS exams relating to expenses and profits
are similar to the concepts found in this chapter relation to expenses and profits.

Questions from the 1996 exam
Question 3.  You are given:

 Rate per unit exposure $120
« Pure premium including loss adjustment expense $75

« General expense ratio 7.0%
« Other acquisition expense ratio 3.0%
« Commission expense ratio 15.0%
 Taxes, licenses and fees ratio 3.0%
« Profit and contingencies ratio 5.0%

» 80% of general and other acquisition expenses are considered to be fixed expense.

Using the pure premium method described by McClenahan, chapter 2, "Ratemaking," Foundations of Casualty
Actuarial Science, in what range does the fixed expense per exposure that is incorporated into the rate fall?
A. <$6 B. > $6,but<$9 C. > $9,but<$12 D. >$12, but<$15 E.>$15
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Questions from the 2004 exam:
Question 33

b. (1 point) Expenses can be related to written or earned premium. Briefly explain why other acquisition
expenses are related to written premium, while general expenses are related to earned premium.

Questions from the 2005 exam

43. (4 points) Use Werner's proposed methodology in "Incorporation of Fixed Expenses" and the
information below to answer the following questions for the projected annual policy period beginning

July 1, 2005. Show all work.

Statewide Projected Average Premium at Present Rates $850.00
Statewide Projected Loss and LAE Ratio 68.0%
Profit and Contingencies Provision 5.0%
Annual Fixed Expense Trend 3.0%

Annual Policy Period

2003 2004
Countrywide General Expenses $25,000 $28,000
Fixed General Expense as percentage of General Expenses 75% 75%
Countrywide Earned Exposures 625 645
Countrywide Written Exposures 640 700
Countrywide Earned Premium $435,000 $450,000
Countrywide Written Premium $460,000 $475,000

Fixed Variable
Other Acquisition $60.00 | 2.5%
Taxes, Licenses, and Fees $250 | 2.0%
Commissions and Brokerage | None 12.0%

» Assume expenses are incurred evenly throughout the policy period.
a. (2 points) Calculate the fixed expense provision.
b. (1 point) Calculate the variable expense provision.
c. (1 point) Calculate the statewide indicated rate change.
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Questions from the 2006 exam

33. (3 points) Given the following private passenger automobile ratemaking data for the past three
calendar years, answer the following questions.

Written Premium

Earned Premium

Commissions

General Expenses
Home Office Salaries
Home Office Utilities

One-Time Expense associated

with Reduction in Staff

All Other General Expenses

Total General Expenses
Other Acquisition Expenses
Taxes, Licenses, and Fees

Calendar Year
2003 2004 2005
$20,000,000 $25,000,000 $30,000,000
19,000,000 24,000,000 28,000,000
3,000,000 3,750,000 3,000,000
798,000 1,056,000 1,008,000
209,000 216,000 280,000
0 360,000 0
190,000 240,000 280,000
1,197,000 1,872,000 1,568,000
1,780,000 2,175,000 2,640,000
500,000 625,000 750,000

a. (1 point) Beginning on January 1, 2005 all policies written and renewed had commissions changed in

order to allow the company to compete more effectively. This new commission rate is expected to

continue into the future.

As the actuary for this insurance company, briefly explain the commission provision you would
recommend for use in the next rate revision to be effective July 1, 2006. Show all work.

b. (2 points) As shown in the table above, during 2004 the company paid a one-time expense associated with
a reduction in staff. This reduction was due to increases in productivity and resulted in fewer employees

during 2005. This new level of staffing is expected to continue.

As the actuary for this insurance company, briefly explain the general expense provision you
would recommend for use in the next rate revision to be effective July 1, 2006. Show all work.
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Questions from the 2008 exam

23. (3.0 points)
a. (0.5 point) Briefly define fixed expense and variable expense.

b. (2.0 points) You are given the following information:

Percent
Assumed
Historical Expenses Fixed
General Expense $100,000 60%
Other Acquisition $66,000 50%
Commissions & Brokerage $110,000 0%
Taxes, Licenses & Fees $40,000 25%

Historical written premium = $1,100,000

Historical earned premium = $1,000,000

Projected loss & LAE ratio = 75%

Profit provision = 5%

General expense and taxes, licenses & fees are throughout the policy.

Other acquisition and commissions & brokerage to occur at the onset of the policy.

Calculate the indicated rate change.

c. (0.5 point) Identify a situation that could impact the appropriateness of the historical fixed expense ratio for
projection purposes and briefly explain the impact on the estimated fixed expenses.

Questions from the 2010 exam
25. (1.5 points) Identify and explain two potential distortions with using the premium-based projection method
to determine expense ratios. In the explanation, include discussion of the direction of the distortion.
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The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner, G.
and Modlin, C. were numerous. While past CAS questions were drawn from prior syllabus
readings, the ones shown below remain relevant to the content covered in this chapter.

By relevant, we mean the concepts tested on past CAS exams relating to expenses and profits
are similar to the concepts found in this chapter relation to expenses and profits.

Solutions to questions from the 1996 exam

Question 3. Calculate the fixed expense per unit of exposure, E. :

P, = rate per unit of exposure, and is given as $120

L + E_ = pure premium, and is given as $75.

[L+ EL+E_F}

T ov-q]

V = variable expense factor, which requires some computation.

E- =fixed expense per exposure, which is what needs to be solved for.

Q; = profit and contingencies factor, and is given as .05.

The variable expense load is comprised of commissions, taxes, licenses and fees, and as stated in
the problem, 20% of the general and other acquisition expense ratio.

V =0.15 + 0.03 + 20% (0.07) + 20% (0.03) = 0.20 (Fast solving hint: note that 20% of the sum of other
acg/gen expenses(10%) is 2%. Added to taxes of 3% is 5%, Added to commission of 15% is 20%.)

$75 + E

Therefore, $120 = E . E; =15. AnswerE.
1.0 - [.15+.03+ (.07 +.03)*.20) +.05]

Solutions to questions from the 2004 exam:

Question 33
b. (1 point) Expenses can be related to written or earned premium. Briefly explain why other acquisition

expenses are related to written premium, while general expenses are related to earned premium.
Other acquisition expenses are assumed to be incurred mainly at the beginning of the policy,
due to the effort/process of “acquiring” the policy, so it makes more sense to relate it to Written
Premium.
General expenses (e.g. salary/overhead) would continue to be incurred even if policies ceased to be
written, so it makes more sense to relate it to Earned Premium.
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Solutions to questions from the 2005 exam:
a. (2 points) Calculate the fixed expense provision.

This question can be answered by referencing Exhibit 2-A Sheet i and Exhibit 2B from the Werner article.
Create a table similar to the one below to compute the general fixed expense provision per exposure.
2-Yr Straight

2003 2004 Average
(1) Total CW General Expenses (IEE) $25,000 $28,000
CALCUATION: GEN FIXED EXP PROV PER EXPOSURE:
(2) Fixed General Expense as % of Total General Expense 75.0% 75.0%
3)=(1)*(2) (3) Fixed General Expense $ $18,750 $21,000
(4) Total CW Earned Exposures 625 645
5)=(3)/(4) (5) Average Fixed General Expense Per Exposure $30.00 $32.56
(6) Expense Trend 1.03 1.03
(7) Trend Period from 7/1/XX to 7/1/06) 3 2
(8)=(6)"" (8) Expense Trend Factor 1.0927 1.0609
(9)=(5)*(8) (9) Projected Average Fixed General Expense Per Exposure $32.78 $34.54 $33.66

Total fixed expense provision = projected average fixed general expense per exposure + other acquisition
expenses + Taxes, licenses, and fees = $33.66 + $60.00 + $2.50 = $96.16

b. (1 point) Calculate the variable expense provision.
This question can be answered by referencing Exhibit 2-A Sheet i and Exhibit 2B from the Werner article.
Create a table similar to the one below to compute the general variable expense provision

2-Yr Straight

CALCULATION: GEN VARIABLE EXP PROV Average
1.0-(2) (10) Variable Gen Expense as % of Total General Expense 25.0% 25.0%
(11)=(1)*(10)  (11) Variable General Expense $ $6,250 $7,000

(12) CW Earned Premium $435,000 $450,000
(13)=(11)*(12) (13) Variable General Expense % 1.44% 1.56% 1.50%

Total variable expense provision = variable general expense % + variable other acquisition expenses + variable
Taxes, licenses, and fees + variable commission and brokerage = 1.5% + 2.5% + 2.0% + 12.0% = 18.0%

c. (1 point) Calculate the statewide indicated rate change.

This question can be answered by referencing Exhibit 2-C from the Werner article. Create a table similar
to the one below to compute the statewide indicated rate change.

Calculation of Indicated Rate Change

(1) Statewide Projected Average Premium at Present Rates $850.00
(2) Statewide Projected Loss & LAE Ratio 68.0%
3)=(D)*(2) (3) Statewide Projected Average Loss & LAE $578.00
(4) Projected Average Fixed Expense Per Exposure $96.16
(5) Variable Expense Provision 18.0%
(6) Profit and Contingencies Provision 5.0%
1.0-(5)-(6) (7) Variable Permissible Loss Ratio [100%-(5)-(6)] 77.0%
®)=[3)+@))(7)  (8) Statewide Projected Average Required Premium $875.49
(9)=(8)/(1)-1.0 (9) Indicated Rate Change 3.0%
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Solutions to questions from the 2006 exam
Question 33.

a. (1 point) Beginning on January 1, 2005 all policies written and renewed had commissions changed in
order to allow the company to compete more effectively. This new commission rate is expected to
continue into the future.

As the actuary for this insurance company, briefly explain the commission provision you would
recommend for use in the next rate revision to be effective July 1, 2006. Show all work.

b. (2 points) As shown in the table above, during 2004 the company paid a one-time expense associated with
a reduction in staff. This reduction was due to increases in productivity and resulted in fewer employees
during 2005. This new level of staffing is expected to continue.

As the actuary for this insurance company, briefly explain the general expense provision you
would recommend for use in the next rate revision to be effective July 1, 2006. Show all work.

CAS Model Solution

a. Use the 2005 commission ratio because it is most indicative of the future. Use written premium because
commissions are generally paid at onset of policy.

3,000,000 / 30,000,000 = 10%

b. Use 3-year averages for home office utilities and all other general expense. Use the 2005 ratio for salaries
to reflect the new staffing level.

Ignore the one-time expense since it is non-recurring.
Use earned premium since general expenses are usually incurred throughout the policy period.

The general expense provision that | would recommend for use in the next rate revision to be effective
July 1, 2006 is computed as follows:

Utilities = [(209,000/19,000,000) + (216,000/24,000,000) + (280,000/28,000,000)}/3 = 1.0%
All other = {(190,000/19,000,000) + (240,000/24,000,000) + (280,000/28,000,000)}/3 = 1.0%
Salaries = 1,008,000/28,000,000 = 3.6%

Total = 1.0% + 1.0% + 3.6% = 5.6%
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Solutions to questions from the 2008 exam

Model Solution - Question 23 Initial comments: Actuaries generally divide underwriting expenses into two
groups: fixed and variable. Fixed expenses are those expenses that are assumed to be the same for each
exposure, regardless of the size of the premium (i.e., the expense is a constant dollar amount for each risk).
Typically, overhead costs associated with the home office are considered a fixed expense.

Variable expenses are those expenses that vary directly with premium; in other words, the expense is a constant
percentage of the premium. Premium taxes and commissions are two good examples of variable expenses.

a. A fixed expense is an expense that is incurred that does not vary with premium. A variable expense is an
expense that is incurred that varies with the amount of premium. A better solution is as follows:

Fixed expenses (e.g. overhead costs associated with the home office) are assumed to be the same for
each risk, regardless of premium size (i.e. the expense is a constant dollar amount for each risk or policy).

Variable expenses (e.g. premium taxes and commissions) vary directly with premium and thus are
constant percentage of the premium.

b. Calculate the indicated rate change.
Step 1: Write an equation to determine the indicated rate change.

Projected L+ LAE Ratio+ Fixed Expense ratio
1.0-V-Q
Step 2: Using the given expense data in the problem, compute the fixed and variable expense ratio.

Note: Since other acq. and commissions & brokerage are assumed to occur at the onset of the policy,
these expenses are related to written premiums, while all other expenses are related to E premium.
. . .6(100k) .5(66k) .25(40k
Fixed expense ratio= ( )+ ( )+ ( )=.06+.03+.01=.10
M 1.1M M

. . .4(100k) .5(66k) 110k .75(40k
Variable expense ratio= ( ) + (66k) + + (40k) =.04+.03+.10+.03=.20
M 1.0M 1.1M M

Step 3: Using the equation in Step 1, and the results from Step 2, compute the indicated rate change.

. .75+.10 .
Indicated Rate Change=——— -1.0=13.3% increase

1.0-.20-.05
c. Rate changes impact the fixed expenses as a percent of premium because the premium the ratio is applied
to is different than contemplated in the ratio itself. If there had been a large rate increase after the fixed ratio
was calculated the estimated fixed expenses would be higher than actual

Indicated Rate Change =

Solutions to questions from the 2010 exam
Question 25 — Model Solution 1
The premium based projection method could produce distorted results if:

1. Premium is not placed at the current rate level. If rates have increased (decreased) since or throughout
the historical experience period, premium used in the expense ratios would be understated
(overstated), resulting in an overstated (understated) expense ratio.

2. Premium is not trended to reflect shifts in average premium. If average premium is trending upward
(downward) after or throughout the historical experience period, premium used in the expense
ratios would be understated (overstated), resulting in an overstated (understated) expense ratio.

Question 25 — Model Solution 2 — Acceptable Response

3. If we are using a nationwide expense ratio and apply it to a state that has significantly different
average premium but the same fixed expense, there will be a distortion. For states with higher
(lower) average premium, fixed expense will be overestimated (underestimated).
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Sec Description Pages
1 Introduction and the Pure Premium Method 141 — 143
2 Loss Ratio Method 143 — 145
3  Loss Ratio Versus Pure Premium Methods 145 — 147
4  Indication Examples 147 — 147
5 Key Concepts 147 — 148
1 Introduction and the Pure Premium Method 141 — 143

Introduction:

This chapter explains how to determine whether current rates are appropriate (i.e. whether the profit target is
likely to be met at the current rates) in the aggregate.

Chapters 9 - 11 discuss the calculation of indications by subclasses of insureds.

Chapter 14 discusses how to calculate final rates based on the overall indications and indications by
subclasses of insureds.

Two basic approaches for determining an overall rate level need:
1. Pure premium method
2. Loss ratio method

This chapter will discuss each of these in detail, demonstrate the mathematical equivalency of the approaches,
and discuss rationale for selecting one over the other.

The Pure Premium Method:
The pure premium method:
= is the simpler and more direct of the two ratemaking formulae
= determines an indicated average rate (not an indicated change to the current average rate).

= involves projecting the average loss and loss adjustment expenses per exposure and the average
fixed expenses per exposure to the period that the rates will be in effect.

The indicated average rate per exposure is computed as follows:
Pure Premium (including LAE)+ Fixed UW Expense Per Exposure
1.0 -Variable Expense Ratio - Target Profit Percentage

Indicated Average Rate =
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Recall the following notation:
X = Exposures

P:P = Premium; Average premium(P divided by X)

P;P, = Indicated premium; Averageindicated premium(P, divided by X )
\Y =Variableexpense provision(E, divided by P)
Q; =Target profit percentage

L;L = Losses; Pure Premium(L divided by X)

E,;E, = Loss Adjustment Expense(LAE); Average LAE per exposure(E, divided by X)

E.;E. =Fixed underwriting expenses; Average underwriting expense per exposure(EF divided by X)
E, =Variable underwriting expenses
Using the above notation, the formula can be rewritten as:

e [

P =
[L0-V-Q]  [L0-V-Q]
Derivation of Pure Premium Indicated Rate Formula

Begin with the fundamental insurance equation:
Premium = Losses + LAE + UW Expenses + UW Profit.

P =L+E +(E- +V *P)+(Q; *P).
R-V*P - Q*P=(L+E) +E.
_(L+E_+Ep)
C[LO-V-Q]

Dividing by the number of exposures converts each of the component terms into averages per exposure, and
the formula becomes the pure premium indication formula:

(L+E) L Er L+E +E,
L e

Given the following information:

P x[1.0-V -Q]=(L+E)+E;; P

[10-V-Q]

» Projected pure premium including LAE = $300
» Projected fixed UW expense per exposure = $25

» Variable expense ratio =25%
e Target profit percentage =10%

The indicated average rate per exposure is:

{L +E + E_F}
Indicated Average Rate = - _[3300 + $29] =$500

[1.0-V-Q;] [L0-0.25-0.10]
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New Company

When determining rates for an insurer writing new business, no internal historical data exists. However, the
actuary can still determine the indicated rate by estimating the expected pure premium and expense provisions
and selecting a target profit provision (based on external data or determined judgmentally).

2 Loss Ratio Method 143 — 145

The loss ratio method:
= is the more widely used of the two rate level indication approaches.
= calculates an indicated change factor

= compares the sum of the projected loss and LAE ratio and the projected fixed expense ratio to the
variable permissible loss ratio.

[Loss & LAE Ratio+ Fixed Expense Ratio]
[1.0 -Variable Expense Ratio - Target UW Profit%]

Indicated Change Factor =

When the numerator and denominator are not in-balance, the indicated change factor will be something other
than 1.0. The factor can be applied to the current premium to bring the formula back in balance.

ey e

The loss ratio indication formula can be rewritten as follows: Indicated Change Factor = [1 ov- Q
;]

[(L+E/C+F} N

The indicated change is computed by subtracting 1.0: Indicated Change = 1 EVE Q
T

Derivation of Loss Ratio Indicated Rate Change Formula
Start with the fundamental insurance equation: Premium = Losses + LAE + UW Expenses + UW Profit.

Using the following notation, P, = Premiumat current rates; Q. = Profit percentageat current rates, the
fundamental insurance equation can be rewritten as follows:

P.=L+E +(Ef+V*PR,)+Q. *F.
Rearranging the terms leads to:
Q.*P.=P.-(L+E)-(E- +V*F,)

Dividing each side by the projected premium at current rate level ( P, ) yields:

Q. =10-EFEI*FEAVIR) 44 L (EL“LEF +vj

=10-—-
P R R

Thus, Profit % at Current Rates = 1.0 — Loss Ratio — OER = 1.0 - Combined Ratio.
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The goal of the ratemaking: Determine whether current rates can cover the estimated losses and expenses
and produce the target profit.

= If the expected profit % at current rates (Qc) is equivalent to the target profit % (Q+), then the current
rates are appropriate.

= Itis more likely case is that (Qc) is not equivalent to (Q+) and rates need to be adjusted.
Q. =10-LTEITE EFL)” =
C
The objective: How much does the premium at current rates need to be increased or decreased to achieve the
target profit percentage?
Determine this by substituting:

= (Qq)for(Qc)and

= the indicated premium (P)) for the projected premium at current rates (Pc) (indicated premium is the
projected premium at current rates times the indicated change factor):

Q=10' (L+EL)+EF _
! P. * Indicated Change Factor

-V

(L+E )+E;
P. * Indicated Change Factor

Rearranging terms leads to: 1.0-V -Q; =

Rearranging terms and dividing through by P¢ yields:

(L+E. )/ ,E¢
L+E +E; P

Indicated Change Factor = — = , Which
P.*(1.0-V-Q;) (10 V -Q)

ey e

is equivalent to the loss ratio indication formula: Indicated Change Factor =
[10-V-Q]

A result greater than 1.0 means the current rates are inadequate and need to be adjusted upward (and vice versa).

o],

Subtract 1.0 from both sides to produce an indicated change: Indicated Change=

[1.0-V-Q]
Example of Loss Ratio Indicated Rate Change Formula
e Projected ultimate loss and LAE ratio = 65%
* Projected fixed expense ratio =6.5%
e Variable expense ratio =25%
» Target profit percentage =10%
| [(HE/ *FJ [65% -+ 6.5%]
Indicated Change = = -1.0=10%

[1.0-V -Q,] 0 " [1.00-0.25-0.10]

Thus, the overall average rate level is inadequate and should be increased by 10%.
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New Company
It is not used to price rates for a new insurer since the loss ratio approach is dependent on current premium.

The LR method is only used for making rates for a company with existing rates (since the loss ratio approach is
dependent on current premium).

3 Loss Ratio Versus Pure Premium Methods 145 — 147

Comparison of Approaches
Two major differences between the two approaches.

1. The loss measure used in each approach: the loss ratio (i.e. projected ultimate losses and LAE divided by
projected premium at current rate level) versus the pure premium statistic (i.e. projected ultimate losses
and LAE divided by projected exposures).

= The loss ratio indication formula requires premium at current rate level and the pure premium indication
formula does not.

= The pure premium formula requires exposures whereas the loss ratio indication formula does not.
Preference:

=  The pure premium approach is preferable if premium is not available or if it is difficult to calculate
premium at current rate level (e.g. the rating algorithm for personal auto includes a large number of
rating variables, and if significant changes were made to those variables during the historical period, it
may be difficult to calculate the premium at current rate level).

= The loss ratio method is preferable if exposure data is not available or if the product being priced does
not have clearly defined exposures (e.g. CGL policies have multiple sub-lines, each with different
exposure bases). Thus, it's easier to obtain and use premium at current rate level rather than trying to
define a consistent exposure.

2. The output of the two formulae.
= The loss ratio formula produces an indicated change to rates currently charged.

= The pure premium formula produces an indicated rate (thus, the pure premium method must be used
with a new line of business for which there are no current rates to adjust).
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Equivalency of Methods
Both formulae can be derived from the fundamental insurance equation (thus two approaches are

mathematically equivalent).
By

[10-V-Q ]

R ASZY

[10-V-Q]

1. Start with the loss ratio indication formula: Indicated Change Factor =

Restate the formula as: Indicated Change Factor =

2. The indicated adjustment factor, the ratio of the indicated premium (P, ) to the projected premium at current

[(L+E / E. /}
rates (Pc), yields the following: P/

R [1.0-V-Q; ]

3. Multiplying both sides by the projected average premium at current rates ( P, / X ') results in the pure
premium indication formula (proving the two methods are equivalent):

JMEL% /L[LTErET]

R
A [1.0-V-Qr] [1.0-V-Qr]

Note: The equivalency depends on consistent data and assumptions used for both approaches.

Example: If the premium at current rate level is estimated using the parallelogram method rather
than the more accurate extension of exposures method, any inaccuracy introduced by
the approximation may result in inconsistency between the loss ratio and pure premium
methods.

4  Indication Examples 147 — 147

Chapters 1 — 8 have provided different techniques that can be used to determine an overall rate level indication.

The exact techniques used by actuaries to determine the overall rate level indication depend on various factors
(e.g. unique characteristics of the product being priced, data limitations, historical precedence, and regulatory
constraints).

Appendices A —D:
= provide overall rate level indication examples for 4 different lines of business (insurance products).
= example indications are based on several years of subject experience.
Calculating the total loss ratio (or pure premium) can be done as follows:

i. Insurers may sum projected ultimate loss and LAE across all years and divide by projected EP at
present rates (or projected exposures) across all years (i.e. equivalent to weighting each year's loss
and LAE ratio (pure premium) by the relevant premium (or exposure).

ii. Alternatively, some insurers select weights for each AY’s experience, giving more weight to the more
recent years.
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5 Key Concepts 147 — 148

1. Pure premium indication formula
Pure Premium (including LAE)+ Fixed UW Expense Per Exposure
1.0 - Variable Expense Ratio - Target Profit Percentage

[(U—Ey /} [L+E, +E.]

[10-V-Q]  [10-V-Q]

Indicated Average Rate =

Indicated Average Rate =

2. Loss ratio indication formula
[Loss & LAE Ratio + Fixed Expense Ratio]
[1.0 -Variable Expense Ratio - Target Profit %]

eyl

[10-V-Q]

Indicated Change =

Indicated Change =

3. Loss ratio versus pure premium method
a. Strengths and weaknesses of each method
b. Mathematical equivalency of methods
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The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner, G. and
Modlin, C. were numerous. While past CAS questions were drawn from prior syllabus readings,
the ones shown below remain relevant to the content covered in this chapter.

Questions from the 2002 exam

17. (4 points) Based on McClenahan, "Ratemaking," chapter 2 of Foundations of Casualty Actuarial Science,
and the following data, answer the questions below. Show all work.

Projected rates to be effective January 1, 2003 and in effect for 1 year.
Permissible loss and ALAE ratio (modified) is 65%.

Experience is from the accident period January 1, 2000 to June 30, 2001.
Developed accident period loss and ALAE is $21,500.

Annual trend factor is 3%.

All policies have one-year terms and are written uniformly throughout the year.
The rate on January 1, 1999 was $120 per exposure.

Effective Date Rate Change
January 1, 2000 +10%
January 1, 2001 -15%
Year Written Exposures
1998 200
1999 200
2000 200
2001 200

a. (1 point) Calculate the experience period trended developed loss and ALAE. (chapter 6)
b. (2 points) Calculate the experience period on-level earned premium. (chapter 5)
c. (1 point) Calculate the indicated statewide rate level change. (chapter 8)

Questions from the 2003 exam:
36. (5 points) Using the following information, answer the questions below. Show all work.
e On-level earned premium = $500,000
e Experience period losses = $400,000
e Experience period earned exposure = 5,000
e Premium-related expense factor = 22%
e Fixed underwriting expenses (modified) = $20,000
o Profit and Contingencies factor = 3%

. (1 point) Calculate the variable permissible loss ratio using the loss ratio method (modified).
. (1 point) Calculate the indicated rate level change using the loss ratio method.

. (1 point) Calculate the indicated rate level change using the pure premium method.

. (1 point) Describe a situation where the pure premium method cannot be used.

. (1 point) Describe a situation where the loss ratio cannot be used.

O O O T 9
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Questions from the 2004 exam:
10. Which of the following statements is false regarding the loss ratio and pure premium methods for ratemaking?
A. The loss ratio and pure premium methods are identical when using consistent assumptions.
B. The pure premium method is preferable when on-level premium is difficult to calculate.
C. The loss ratio method produces indicated rate changes.
D. The pure premium method requires well-defined, responsive exposures.
E. The loss ratio method is preferable for a new line of business.

13. Given the information below, determine the indicated rate per exposure unit.
» Frequency per exposure unit = 0.25
e Severity = $100
» Fixed expense per exposure unit = $10
e Variable expense factor = 20%
» Profit and contingencies factor = 5%

A. <$35 B. >$35but<$40 C. >$40 but < $45 D. > $45 but < $50 E. >$50

33. (3 points) Given the following information, answer the questions below.

On-Level Trended
Accident Earned Ultimate
Year Premium | Loss & ALAE
2000 $800 $512
2001 $900 $540
2002 $1,000 $550

» Ratio of commissions to written premium = 14%

» Ratio of taxes, licenses and fees to written premium = 3

» Ratio of other acquisition expenses to written premium = 2%

» Ratio of general expense to earned premium = 6.25%

» Profit and contingency provision = 5%

* Fixed U/W expense ratio (modified) = 5%

» Assume each year of historical experience receives equal weighting.

a. (2 points) Determine the indicated rate change for policies to be written from January 1, 2004 to
December 31, 2004. Show all work.

b. (1 point) Expenses can be related to written premium or earned premium. Briefly explain why other
acquisition expenses are related to written premium, while general expenses are related to earned
premium. (chapter 7)
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Questions from the 2005 exam:

46. (5 points) Given the following data for private passenger auto bodily injury basic limits, answer the questions
below. Show all work.

* Policies are annual.

» Proposed Effective Date = July 1, 2005
* Rates are in effect for one year.

* Current Rate = 225

Experience Period Exposures and Losses

Calendar Accident Earned Loss & ALAE as of
Year Exposures December 31, 2004
2002 450 $52,000
2003 500 $54,000
2004 530 $40,000

» Age-to-age loss development factors
12-24 months =1.50; 24-36 months =1.15; 36-48 months= 1.05; 48 - ultimate =1.06
« Frequency trend = 2%
 Severity trend = 5%
» Permissible Loss Ratio (modified) = 65%
a. (4 points) Calculate the indicated statewide rate level change using the loss ratio method.

b. (1 point) Using your results from part a. above, illustrate the equivalency of the loss ratio method and
the pure premium method.

Questions from the 2006 exam:

36. (4 points) Using the methods described by McClenahan, and the following information, answer the
guestions below. Show all work.

" Experience period on-level earned premium = $500,000

" Experience period trended and developed losses = $300,000
" Experience period earned exposure = 10,000

. Premium-related expenses factor = 23%

. Fixed underwriting expenses (modified) = $21,000

. Profit and Contingency factor = 5%

a. (1.5 points) Calculate the indicated rate level change using the loss ratio method.
b. (1.5 points) Calculate the indicated rate level change using the pure premium method.

c. (1.0 point) Describe one situation in which it is preferable to use the loss ratio method, and one
situation in which it is preferable to use the pure premium method.
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Questions from the 2007 exam:

7. You are given the following information:
L] Indicated base rate is $300 per unit of exposure.
= Profit and contingencies provision is 3%.
L] Other variable expenses represent 15% of premium.
What would the revised base rate be if the company changes the profit and contingencies provision to -6%?
A. < $272.00 B. > $272.00 but < $285.00 C. >$285.00 but < $298.00
D. > $298.00 but < $311.00 E.> $311.00

8. You are given the following information:

On-level Earned Premium: $100,000
Projected Loss & ALAE: $75,000
Projected Fixed Expense Ratio (modified): 10%
Variable Expense Ratio (modified): 25%
Profit and Contingencies Ratio: 0%

What is the indicated rate level change?
A. < 65% B.>65%but<8.0% C. >8.0%but<9.5% D. >95%but<11.0% E. >11.0%
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Questions from the 2007 exam (continued):

42. (6.0 points) You are given the following information:

Incurred Earned Weights for
Calendar Accident Year Losses & LAE Premium Accident Year
2004 $5,000,000 $10,000,000 35%
2005 3,750,000 11,000,000 65%

Historical Rate Level Changes

July 1, 2003 5.0%
July 1, 2004 -1.0%
July 1, 2005 10.0%

July 1, 2006 0.0%
= Losses are valued as of June 30, 2006.
= Selected annual frequency trend is 4%.
=  Selected annual severity trend is 1%.
= There is no premium or exposure trend.
= All policies are annual.
= Fixed expense ratio is 7%.
= Profit and contingencies provision is 5%.
= Other variable expenses are 20% of premium.
= The indication is considered to be 60% credible.
= The complement of credibility is no change.

Loss Development Factors

Age Age to Ult.

6 3.500
12 2.500
18 2.000
24 1.700
30 1.500
36 1.400
42 1.350

Calculate the indicated rate change for rates to be effective from July 1, 2007 through June 30, 2008.
Show all work.

Note: This is a chapter 5, chapter 6 and chapter 8 question.
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Questions from the 2007 exam (continued):

43. (3.0 points) Using Werner and Modlin’s notation:

a. (2.0 points) Demonstrate the equivalence of the pure premium and loss ratio approaches,
assuming identical data and consistent assumptions.

b. (0.5 point) Which approach is more appropriate when pricing a new line of business? Explain.

c. (0.5 point) Which approach is more appropriate when pricing a line of business for which the
historical rate change history is not available? Explain.

Questions from the 2008 exam:

24. (1.0 point) The indicated average rate was determined to be $300 based on the following information:
= Average fixed expense per exposure = $16
= Variable expense provision = 15%
=  Profit and contingencies provision = 3%

Calculate the revised indicated average rate assuming the expected loss costs will be 10% higher than
those assumed in the original analysis.

Exam 5, Vla Page 244 © 2014 by All 10, Inc.



Chapter 8 — Overall Indication
BAsIC RATEMAKING — WERNER, G. AND MODLIN, C.

Questions from the 2008 exam continued:

26. (5.75 points) You are given the following information:

Calendar/Accident Year
2006 2007
Earned Premium $345,704 $396,714
Base Rate Underlying Premiums $100 $100
Case Incurred Loss and ALAE
Accident Evaluation Age in Months
Year 15 27 39 51 63
2002 $164,000 $213,200 $245,180 $262,343 $262,343
2003 $172,000 $223,600 $257,140 $269,997 $269,997
2004 $181,000 $235,300 $258,830 $271,772
2005 $190,000 $228,000 $250,800
2006 $200,000 $240,000
2007 $210,000

Q

O

C.

Current base rate = $110

Current rating structure is purely multiplicative.

Proposed rates will be effective January 1, 2009, and will be in effect for one year.
All policies are annual policies.

On January 1, 2005 the claims department changed case reserving practices applicable to all
outstanding claims.

Premium trend = 3%

Frequency trend = -1% and severity trend = 2%

Unallocated loss adjustment provision = 10% of ultimate incurred loss & ALAE

Fixed expense ratio = 8% and variable expense ratio = 20%

Profit and contingencies provision = 5%

Accident year projections should be weighted 60% to accident year 2007 and 40% to accident year 2006.
Overall indication is assumed to be 75% credible.

Complement of credibility should be assigned to no change.

(1.25 points) Calculate calendar/accident year 2006 and calendar/accident year 2007 projected premium
at present rates. (Chapter 5, but shown here)

(3.0 points) Calculate accident year 2006 and accident year 2007 ultimate incurred losses and loss
adjustment expenses, projected to future loss cost levels. (Chapter 6, but shown here)

(1.5 points) Calculate the indicated rate change. (Chapter 8)

27. (1.0 point)

a.

b.

(0.5 point) Provide an example of where a pure premium method is more appropriate than a loss ratio
method.

(0.5 point) Provide an example of where a loss ratio method is more appropriate than a pure premium
method.
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Questions from the 2009 exam:

31. (1.5 points) For each of the following identify whether the loss ratio or pure premium ratemaking method is
preferable. Briefly explain your answer.

a. (0.5 point) Setting prices for a new line of business.

b. (0.5 point Setting prices for a product that is not written uniformly throughout the year; current systems do
not support re-rating policies.

c. (0.5 point) Setting prices for a commercial lines product that has multiple complex exposures underlying
each risk.

Questions from the 2010 exam:
26. (2 points)

a. (1.5 points) Derive the indicated pure premium rate formula starting from the fundamental insurance
equation.

b. (0.5 point) Briefly describe two instances where it is more appropriate to use the pure premium method
than the loss ratio method.

Questions from the 2011 exam:

9. (6.75 points) Given the following information for a book of business:
. Policies have a six month term
. Rate change history:
0 -3% effective October 1, 2008
0 +6% effective January 1, 2010
Annual premium trend = 1.5%
Annual loss trend = 2.2%
Proposed rates will be in effect for one year beginning on October 1, 2011
Unallocated loss adjustment expense provision = 3.2% (of loss and ALAE)
Fixed expense ratio = 5.6%
Variable expense ratio = 24.0%
Underwriting profit and contingencies provision = 3.5%
Rates developed based on calendar/accident year 2009 and 2010

Calendar
Year Ending: Earned Premium (000s)
December 31, 2009 $110,865
December 31, 2010 $128,973
Incurred Losses and ALAE (000s)

Accident Year | 12 months 24 months 36 months 48 months 60 months
2006 $44,860 $51,589 $56,748 $57,315 $57,315
2007 $47,985 $54,703 $60,720 $61,327
2008 $51,384 $59,606 $64,970
2009 $60,735 $69,845
2010 $76,094

a. (2 points) Calculate the projected calendar year earned premium at current rate level for calendar
years 2009 and 2010.

b. (4.25 points) Calculate the indicated rate change.

c. (0.5 point) Assume the 2009 incurred loss and ALAE amount includes an additional $25,000,000 in
losses attributable to a single weather event. Discuss an appropriate strategy for including this
information in the indicated rate change calculation.
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Questions from the 2011 exam continued:

10. (1.5 points) Identify whether the loss ratio or pure premium ratemaking method is preferable in each
of the following scenarios. Briefly explain each answer.

a. (0.5 point) A company introduced two new rating variables within the past year.
b. (0.5 point) A company is entering a new line of business.
c. (0.5 point) A company writes a commercial product with multiple exposure bases.
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The predecessor papers to the current syllabus reading “Basic Ratemaking” by Werner, G. and
Modlin, C. were numerous. While past CAS questions were drawn from prior syllabus readings,
the ones shown below remain relevant to the content covered in this chapter.

Solutions to questions from the 2002 exam:
Question 17.

c. (1 point) Calculate the indicated statewide rate level change

Indicated Rate Change= P, =

[PLR]
(L+E_ ) Developed and Trended losses 23,668 70315
P ~ On-Level Earned Premium — 33,660

PLR = [1.0—V —QT] = .65 (given in the problem)

10315 -1=0.0818

Indicated Rate Change =
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Solutions to questions from the 2003 exam:
Question 36.
a. (1 point) Calculate the variable permissible loss ratio (VPLR) using the loss ratio method.

VPLR=[1.0-V -Q; ], where V and Q; are given as 0.22 and 0.03

VPLR = (1.0-0.22 - 0.03) = 0.75 = 75.0%
b. (1 point) Calculate the indicated rate level change using the loss ratio method (LRM).

e ee] ]

[1.0-V-Q; ] L0 VPLR

(L+E|_) 400K ~0.80. F:E—F: 20K
Pc 500K P. 500K
Thus, the indicated rate level change using the LRM = [0.80+0.04]/0.75 - 1.0 =.12 = 12%

Indicated Change=

=0.04; VPLR = (1.0 - 0.22 - 0.03) = 0.75 = 75.0%

c. (1 point) Calculate the indicated rate level change using the pure premium method.

[L +E +E }
Under the pure premium method, the indicated rate (R) is computed as follows: P=t

' [Lo-v-qQ ]
1+E E, = Indicated pure premium = Exp(Iarlence P?I’IOd Losses =$400,000=$80
Experience Period Exposures 5,000
E_F - Fixed expense Non-— pr(_amlum R(?Iated Expensess=$20,000=$4
Experience Period Exposures 5,000
V = Variable expense = .22; Q; = Profitload = .03; Thus, 3' = 1$227+403 =$112

The current rate can be computed on-level earned premium/experience period earned exposures. Thus,
the current rate is computed as $500,000/5,000 = $100.

Therefore, indicated rate level change using the pure premium method = $112/$100 - 1.0 =.12 = 12%

d. (1 point) Describe a situation where the pure premium method cannot be used.
The pure premium method cannot be used if exposure information is not available.

e. (1 point) Describe a situation where the loss ratio cannot be used.
The loss ratio method cannot be used for a new line of business because the method requires existing rate.

Solutions to questions from the 2004 exam:
10. Which statements is false regarding the loss ratio and pure premium methods for ratemaking?

A. The loss ratio and pure premium methods are identical when using consistent assumptions. True.
B. The pure premium method is preferable when on-level premium is difficult to calculate. True.

C. The loss ratio method produces indicated rate changes. True.

D. The pure premium method requires well-defined, responsive exposures. True.

E

The loss ratio method is preferable for a new line of business. False. The loss ratio method cannot be
used for a new line.
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Solutions to questions from the 2004 exam (continued):

13. Determine the indicated rate per exposure unit.
Step 1: Write an equation to determine the indicated rate per exposure unit, based on the given data

The given data lends itself to computing the rate per exposure unit using the pure premium
method. Under the pure premium method, the indicated rate is computed as follows:

[LJFELJFE_F} Freq*Sev + E,
— . — +
P, ==—————=. Based onthe given data, P, = 4 L
[1.0 -V —QT] PLR
Step 2: Using the equation from Step 1, and the data given in the problem, solve for the indicated rate
per exposure unit.

215—*%%)00;;0 - 835 _$46 67 Answer: D. > $45 but <

P -
$50

33. (3 points)
a. (2 points) Determine the indicated rate change for policies to be written from 1/1/2004 to 12/312004.
Show all work.

Step 1. Write an equation to determine the indicated rate change (IRC).

e,

[10-V-Q]

Indicated Change=

Step 2: Using the equation from Step 1, and the data given in the problem, solve for the experience
loss ratios and the variable expense factor.

(L+E ) _ (512 , 540 550
Pc 800 900 1,000

experience receives equal weighting.

V =.14+.03+.02 +.0625 =.2525; QT =.05 F=.05

]/3 =.5967, since it is assumed that each year of historical

Step 3: Using the equation from Step 1, the results from Step 2, and the data given in the problem,
solve for the indicated rate change for policies to be written from 1/1/2004 to 12/31/2004.

(L+E/ +F
__(05967+.05 06467

. 0= =-0.0728
[1.0-V-Q, ] " (1.0-0.2525-.05) 0.6975

Indicated Change=
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Solutions to questions from the 2005 exam:

46. (5 points)

a. (4 points) Calculate the indicated statewide rate level change using the loss ratio method.
Step 1: Write an equation to determine the indicated rate change (IRC).

[(L+E/} [(L+EL)/PC]

Indicated Rate Change= P, = 0=
[1.0-F-V-Q ] [PLR]

Note: The problem does not mention fixed expenses, so we assume there are no fixed expenses. So the PLR
is used (which, in this case, is equal to the VPLR)

Step 2: Calculate the trended projected ultimate on-level loss and ALAE ratio for the combined experience
period 2002 - 2004. With the given information in the problem, compute the developed and trended
Loss and ALAE by accident year as follows:

Lossand Ageto Midpoint of the Midpoint of Developed and
ALAE at ult experience the exposure  Trend Factor  Trended Loss
AY 12/31/2004 LDFS period period and ALAE
1) (2) (3) (4) QU (6)=(1)*(2)*(5)
2002 52,000 1.113 7/1/2002 7/1/2006 (2.071) 76,147.63
2003 54,000 1.280 7/1/2003 7/1/2006 (1.071)° 84,912.60
2004 40,000 1.920 7/1/2004 7/1/2006 (1.071) 88,092.75
Total 249,152.98
Notes:
(2) Age to ultimate LDF computations: (4) Avg Accident date of the exposure period is one year beyond
36 —ult = (1.05)(1.06) = 1.113 the proposed effective date of the rates.

24 — ult = (1.15)(1.113) = 1.280
12 — ult = (1.50)(1.280) = 1.920

(5) A combined frequency and severity trend is computed as (1.02)(1.05) = 1.071. Thus, (5) = 1.071,
where t is the number of years elapsed between column 3 and column 4.

Step 3: Compute the Experience Loss and ALAE ratio as
Developed and Trended losses $249,152.98 _ $249,152.98
On- Level Earned Premium  $225[450+500+530]  $333,000

=0.748

Step 4: Using the equation from Step 1, the results from Step 2, and the data given in the problem, solve
for the indicated rate change for policies to be written from July 1, 2005 to July 1, 2006.

_I:[(HE/} 10_ -1=0.151

Indicated Rate Change= P,
[PLR]
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Solutions to questions from the 2005 exam (continued):

b. (1 point) Using your results from part a. above, illustrate the equivalency of the loss ratio method and the

pure premium method.
[ L+E + E_F}

Under the pure premium method, the indicated rate (R) is computed as follows: P, = [1 0_vV-0 ] .
TV TNT

In this problem,

Experience Period Developed and Trended Losses ~ $249,152

L+ E, = Indicated pure premium = g ’ = =$168.35
Experience Period Exposures (450+500-+530)
E_F = Fixed expenses per exposure, V = Variable expense, and Q; = Profit load.
. . . 5 $168.35 -
Since F, V and Q; are not given, and since (1.0-V - Q;)=PLR, B, = e $259. Therefore, the indicated
rate change using the pure premium method is IRC= Indicated Rate—Current Rate:$259—$225:0_151

Current Rate $225

Solutions to questions from the 2006 exam:
Question 36

a. (1.5 points) Calculate the indicated rate level change using the loss ratio method.
Step 1. Write an equation to determine the indicated rate change (IRC).

[(L+E/+F}
[1.0-V-Q]

Step2: Using the equation from Step 1, and the data given in the problem, solve for the indicated rate
change using the loss ratio method.

_ [ 20.9991, 51,000/500,000]/ (L-.23-.05) ~1.0 = 222 1= — 108333 = ~10.83%
500,000 12

Indicated Change=
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Solutions to questions from the 2006 exam (continued):
b. (1.5 points) Calculate the indicated rate level change using the pure premium method.

[L+EL+E_F}

[1L.0-V-Q;]
Experience Period Developed and Trended Losses $300,000
Experience Period Exposures 10,000

Fixed U/W Expenses _$21,000
Experience Period Exposures 10,000

Under the pure premium method, the indicated rate (R) is computed as follows: ﬁ, =

L + E, = Indicated pure premium = =$30.0

=$2.10

E. = Fixed expenses per exposure unit =

Vand Q. are the premium related expense ratio and P&C load respectively, as given in the problem.

Thus, P, = $30.0+%$2.10 _$44.60.
1.0-0.23-0.05
The current rate = Experience PteIOd On- I.evel Earned premiums _ $500,000 —$50.0
Experience Period Exposures 10,000

Thus, the indicated rate change using the pure premium method is
IRC = Indicated Rate —Current Rate _ $44.60—$50 _ 0108 = -10.8%

Current Rate $50

c. (1.0 point) Describe one situation in which it is preferable to use the loss ratio method, and one
situation in which it is preferable to use the pure premium method.

= The loss ratio method is preferable when the exposure unit is not available.

= The loss ratio method is preferable when the exposure unit is not reasonably consistent between risks.
=  The pure premium method is preferable for a new line of business.

=  The pure premium method is preferable where on-level premium is difficult to calculate.

Solutions to questions from the 2007 exam:

7. What would the revised base rate be if the company changes the profit and contingencies provision to -6%?

Step 1. Write an equation to determine the pure premium and fixed expenses associated with the current rate,
based on the given data. This will help determine what this provision is when computing the revised
based rate. The given data lends itself to computing pure premium and fixed expenses using the pure
premium method. Under the pure premium method, the base rate is computed as follows:

[L+EL+E_F}

i [1L.0-V-Q;]

Step 2: Using the equation from Step 1, and the data given in the problem, solve for the pure premium and

L+E +E, —— —
fixed expenses 300 =———F; L+E +E. =246
1-.15-.03
Step 3: Using the results from Step 2, and the equation in Step 1, solve for the revised base rate.
— 246
=270.32 Answer: A

PI =
1-.15—(~.06)
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Solutions to questions from the 2007 exam (continued):

8. What is the indicated rate level change?
Step 1. Write an equation to determine the indicated rate change (IRC).

[(L+E/C+F} Y

Indicated Change =
[10-V -Q]

L;L = Losses; Pure Premium(L divided by X)

E,;E, = Loss Adjustment Expense (LAE); Average LAE per exposure (E, divided by X)
E.;F =Fixed underwriting expenses; Proj Fixed Exp Ratio= (EF divided by P)
E, =Variable underwriting expenses;

X = Exposures

P. = Premium at current rates

\Y =Variableexpense provision(E, divided by P)

Q; =Target profit percentage

Step 2: Using the equation from Step 1, the results from Step 2, and the data given in the problem, solve
7 1 +10.0%
[75,000/100,000+10.0 0]—1.0:1.133%

[1.00-0.25-0.0]

for the indicated rate change. Indicated Change =

Answer: E
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Solutions to questions from the 2007 exam (continued):
42. Calculate the indicated rate change for rates to be effective from July 1, 2007 through June 30, 2008.
Step 1: Write an equation to determine the indicated rate change.

[(L+E/+F}
[1.0-V-Q]

Note that losses will need to be adjusted by the selected annual frequency and severity trend rates, and
developed to ultimate. Premiums need to be adjusted by rate level changes only, since there is no
premium or exposure trend. Since we are given two years of premiums and losses, a weighted loss
ratio will need to be calculated. And after computing the indicated rate change, a credibility weighted
indicated rate change must be determined since the indication is considered to be 60% credible.

Indicated Change =

Step 2: Determine on-level earned premium. To do so, compute on-level factors for CYs 2004 and 2005.
This is the current rate level divided by the weighted average of the rate level factors in the experience
period. The weights will be relative proportions of each square or triangle. First calculate the area of
all triangles (area = .5 * base * height) within a unit square and then determine the remaining
proportion of the square by subtracting the sum of the areas of the triangles from 1.0.

Rate Level Factors:

Date Rate Change Rate Level Factor
7/1/03 5% 1.05000 = 1.05 * 1.000
7/1/04 -1% 1.03950 = 1.05 * (1-.01)
7/1/05 10% 1.14345 =1.0395 * 1.10
7/1/06 0% 1.14345 =1.14345 * 1.00

Current Rate Level =1.05*(1.0-0.01) *1.1 *1.0 = 1.14345
On level Earned Premium:
2004 on level EP: 1.14345/(0.125*1.00+0.75*1.05+0.125*1.0395) * 10M = 1.097 * 10M = 10,970,000
2005 on level EP: 1.14345/(0.125*1.05+1.0395*0.75+1.14345*0.125) * 11M = 1.085 * 11M = 11,935,000

Step 3: Determine ultimate losses. As of 6/30/2006, AY 2004 losses are 30 months old while AY 2005
losses are 18 months old.
2004 ultimate losses: 5,000,000 * (30-Ult Factor) = 5,000,000 * 1.5 = 7,500,000
2005 ultimate losses: 3,750,000 * (18-Ult Factor) = 3,750,000 * 2.0 = 7,500,000

Note: Losses also need to be trended to one year beyond the effective date of the rates (i.e. 7/1/2008). For
AY 2004, the average accident date is 7/1/2004. Thus, four years of frequency/severity trend is applied.

Step 4: Determine the projected weighted loss ratio.

Ultimate CL Earned Loss Trended Loss

Loss Premium Trend Loss Ratio
2004 7,500,000 10,970,000 [(1.04)(1 .01)]* 9,130,196 0.8323
2005 7,500,000 11,935,000 [(1.04)(1 .01)]® 8,692,114 0.7283

Thus, the project weighted loss ratio = 0.35(0.8323) + 0.65(0.7283) = 0.7647

Indicated change = [(L+E.)/P. +F]/[1.0 -V — Q7] - 1.0 =(0.7647+0.07)/(1 - 0.2 - 0.05) — 1.0 = .1129
Credibility weighted indicated rate change: [0.60* 1.1129 +0.4 (1.00)] - 1.0 =.0677 = +6.77%
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Solutions to questions from the 2007 exam (continued):

Question 43

a. (2.0 points). Demonstrate the equivalence of the pure premium and loss ratio approaches,
assuming identical data and consistent assumptions.

b. (0.5 point) Which approach is more appropriate when pricing a new line of business? Explain.

c. (0.5 point) Which approach is more appropriate when pricing a line of business for which the
historical rate change history is not available? Explain.

Model Solution

ey e

[10-V-Q]

ALY

[10-V-Q]

1. Start with the loss ratio indication formula: Indicated Change Factor =

Restate the formula as: Indicated Change Factor =

2. The indicated adjustment factor, the ratio of the indicated premium (P, ) to the projected premium at current

[L+E / LE: /}
rates (Pc), yields the following: F% -

3 [1.0-V-Q ]

3. Multiplying both sides by the projected average premium at current rates (P, / X ) results in the pure
premium indication formula (proving the two methods are equivalent):

P :[(HELy /L[L+_EL+ET]

X [1.0-V-Q ] [1.0-V-Q, ]

b. The pure premium method produces an indicated rate, so no existing rate is required. The loss ratio
method produces an indicated rate change, so an existing rate is required. The pure premium method
is more appropriate for new line of business.

c. The pure premium method does not require premium at current level. The loss ratio method requires

premium at current level to calculate the indicated change. The pure premium method is more
appropriate when no historical rate changes are available.
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Solutions to questions from the 2008 exam:

Model Solution - Question 24

24. (1.0 point) The indicated average rate was determined to be $300 based on the following information:
= Average fixed expense per exposure = $16
= Variable expense provision = 15%
=  Profit and contingencies provision = 3%

Calculate the revised indicated average rate assuming the expected loss costs will be 10% higher than those
assumed in the original analysis.

Step 1: Write an equation to determine the revised indicated average rate.

L+E +E.

Indicated Average Rate = P, = [1 0V -0 ] and thus the revised indicated average rate equals
MY TN

[1.10*L+ EL+E_F}
[1L0-V -]

Step 2: Using the equations in Step 1, solve for the revised indicated average rate.

W are given that P, =$300, E. =$16,V =.15and Q, =.03, Thus, L+ E,_ = $300(1.0-0.18)-16 = $230

= 230(L1)+16

Thus, revised B = 11503 =328.05
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Solutions to questions from the 2008 exam:
Model Solution - Question 26

a. (1.25 points) Calculate calendar/accident year 2006 and calendar/accident year 2007 projected premium at
present rates.

Step 1. Write an equation to determine CAY 2006 and CAY 2007 projected premium at present rates (PPPR).
PPPR = Earned Exposures * Current Base Rate * (1.0 + Premium Trend){™dPt exper period to 1yr after proj eff date)

Step 2: Determine Earned Exposures * Current Base Rate for CAY 2006 and CAY 2007
CAY 2006 Earned Exposures * Current Base Rate = $345,704/100 * $110 = $380,274.4
CAY 2007 Earned Exposures * Current Base Rate = $396,714/100 * $110 = $436,385.4

Step 3: Compute the trend period for CAY 2006 and CAY 2007

The Trend period should extend from the midpoint of the experience period to 1 year after the projected
effective date of the rates.

For CAY 2006, the trend period is from 7/1/06 to 1/1/2010 = 3.5 years
For CAY 2007, the trend period is from 7/1/07 to 1/1/2010 = 2.5 years
Step 4: Using the equation in Step 1, and the results from Steps 2 and 3, compute PPPR
CAY 2006 PPPR = $380,274.4 * (1.03)*° = $421,723
CAY 2007 PPPR = $436,385.4 * (1.03)*° = $469,854

b. (3.0 points) Calculate accident year 2006 and accident year 2007 ultimate incurred losses and loss adjustment
expenses, projected to future loss cost levels.

Step 1. Write an equation to determine AY 2006 and AY 2007 Trended and Ultimate Incurred L+ALAE
Projected Ultimate Incurred L+ALAE+ULAE
= Case Incurred Losses * LDFy, 1 * (1+ loss Trend) Mt exper periodto 1 yrafter projeff date) x (1 41 )| AE factor)

Step 2: Using the case incurred loss triangle, compute age to age factors, select age to ultimate factors, and
compute AY 2006 and AY 2007 ultimate losses.

Case Incurred Link Ratios

AY 15-27 27-39 39-51 51-63
2002 1.30 1.15 1.07 1.00
2003 1.30 1.15 1.05 1.00
2004 1.30 1.10 1.05
2005 1.20 1.10
2006 1.20

We can see the change in case reserving practices from the link ratios. We will use the link ratios below the solid
line.

Sel A-t-A 1.200 1.100 1.050 1.000
Age to Ult 1.386 1.155 1.050 1.000

AY 2006 ultimate losses = $240,000 * 1.155 = 277,200
AY 2007 ultimate losses = $210,000 * 1.386 = 291,060
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Solutions to questions from the 2008 exam continued:

Model Solution - Question 26
Part b.

Step 3: Using the given frequency and severity trends, compute the loss trend and using the previously
determined trend periods, compute the loss trend factors for AY 2006 and AY 2007. Apply this facto to
compute trended and ultimate incurred losses.

Loss trend = Frequency trend * Severity trend = (1.0 - .01)*(1+.02) = 1.0098

The Trend period should extend from the midpoint of the experience period to 1 year after the projected
effective date of the rates.

= For CAY 2006, the trend period is from 7/1/06 to 1/1/2010 = 3.5 years
=  For CAY 2007, the trend period is from 7/1/07 to 1/1/2010 = 2.5 years
Thus, AY 2006 trended and ultimate incurred L+ALAE = 277,200 * (1.0098)*° = 286,825

Thus, AY 2007 trended and ultimate incurred L+ALAE = 291,060 * (1.0098)*° = 298,243
Step 4: Multiply trended and ultimate incurred L+ALAE by the ULAE factor.
AY 2006 Projected Ultimate Incurred L+ALAE+ULAE = 286,825 (1.10) = 315,508
AY 2007 Projected Ultimate Incurred L+ALAE+ULAE = 298,243 (1.10) = 328,067

c. (1.5 points) Calculate the indicated rate change.
Step 1: Write an equation to determine the credibility weighted Indicated Rate change:

Credibility Weighted Indicated Rate change factor = Indicated Rate change factor * Z + (1.0 — 2)*1.0
(note that the problem states that the complement of credibility should be assigned to no change).

Step 2: Write an equation to determine the Indicated Rate change factor and solve for it:

Weighted Loss Ratio+F  [.40*AY 06 Loss Ratio+.60*AY 07 Loss Ratio]+F
1V-Q; N 1V ’

since AY projections should be weighted 60% to AY 2007 and 40% to AY 2006.

AY 2006 loss ratio = 315,508/421,723 = .748. AY 2007 loss ratio = 328,067/469,854 = .698.

_[.40*.748+.60*.698]+.08

- 1-20-.05

Step 3: Using the equation in Step 1, the results from Step 2, and the credibility factor to be applied to the overall
indication, compute the credibility weighted Indicated Rate change.

Credibility Weighted Indicated Rate change factor = 1.064 * Z + (1.0 — 2)*1.0 = (1.064*0.75+.25)-1=.048

Indicated Rate change factor =

=1.064

Thus,

Model Solution - Question 27

27. (1.0 point)

a. (0.5 point) Provide an example of where a pure premium method is more appropriate than a loss ratio method.
b. (0.5 point) Provide an example of where a loss ratio method is more appropriate than a pure premium method.

a. Pure premium method is more appropriate than loss ratio method when current rate level premiums are
difficult to calculate.

b. Loss ratio method is more appropriate than pure premium method when a well defined and responsive
exposure base is not present.
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Solutions to questions from the 2009 exam:

31. (1.5 points) For each of the following identify whether the loss ratio or pure premium ratemaking
method is preferable. Briefly explain your answer.
a. (0.5 point) Setting prices for a new line of business.

b. (0.5 point Setting prices for a product that is not written uniformly throughout the year; current
systems do not support re-rating policies.

c. (0.5 point) Setting prices for a commercial lines product that has multiple complex exposures
underlying each risk.

a. Pure premium - because it produces an indicated rate, which does not require historical rates
b. Pure premium - loss ratio method requires on-level premiums which would be challenging/ not possible here

c. Loss ratio - in this situation it would be easier to use premiums and not have to deal with difficult exposures in
the pure premium method.

Solutions to questions from the 2010 exam:

Question 26
a. (1.5 points) Derive the indicated pure premium rate formula starting from the fundamental insurance equation.

b. (0.5 point) Briefly describe two instances where it is more appropriate to use the pure premium method than the
loss ratio method.

a. Begin with the fundamental insurance equation:
Premium = Losses + LAE + UW Expenses + UW Profit.

P =L+E +(E +V *P)+(Q; *P).
P-V*P - Q,*P =(L+E) +E..
_(L+E_+Ep)
TLo-v-Q]

Dividing by the number of exposures converts each of the component terms into
averages per exposure, and the formula becomes the pure premium indication formula:

(L+E)/ , E YE4E
e

bl. Use it for anew line of business for which you do not have a current premium level.

b2. If you are unable to get a rate change history to put historical premium on-level (which the LR method
requires).

P x[LO-V -Q]=(L+E)+E.; P

[10-V-Q]
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Solutions to questions from the 2011 exam:
9a. (2 points) Calculate the projected CY EP current rate level for calendar years 2009 and 2010.
9b. (4.25 points) Calculate the indicated rate change.

9c. (0.5 point) Assume the 2009 incurred loss and ALAE amount includes an additional $25M in losses
attributable to a single weather event. Discuss an appropriate strategy for including this information in the IRC
calculation.

Question 9 — Model Solution 1
a. Projected calendar year earned premium at current rate level = EP * OLF * Premium trend factor

Current rate level is 1.0 * (1.0 - 0.03) * (1.0 + .06) = 1.0282
1/4 112

12 /
0 0.97

CY 09 at 1.0 level: Area = 1/2 *b*h. b = 3mos/12mos. h is a function of when a rate change occurs and
the length of the policies being written. h = 1/2 as it intersects CY 09 three months after the 10/1/08 rate
change impacting the six month policies being written.

2009 on level factor = 1.0282 / [1/16*(1) + (15/16)*.97] = 1.058; 1/16 = 1/2*(1/4)*(1/2)

2010 on level factor = 1.0282 / [1/4*(.97) + 3/4*(1.0282)] = 1.014; 1/4 = 1/2*(1/2)*(1)

2009 premium = 110865 * 1.058 * 1.015%= 122,653 = EP * OLF * Premium trend factor

2010 premium = 128973 * 1.014 * 1.015° = 134,731
2009 premium trend period from avg written date of 4/1/09 to average written date 4/1/12 or 3 years
2010 premium trend period from avg written date of 4/1/10 to average written date 4/1/12 or 2 years

[Loss & LAE Ratio+ Fixed Expense Ratio]
[1.0 -Variable Expense Ratio-Target UW Profit%]

1.0282

b. Indicated Change Factor =

12-24 24-36 36-48 48-60
1.15 11 1.01 1
1.14 1.1 1.01
1.16 1.09
1.15
Selected 1.15 1.1 1.01 1
ATU 1.278 1.111 1.01 1
2009 losses: 69845 x 1.111 x 1.022° (1.032) = 85483 = Latest Losses * LDF to Ult * Loss trend factor * ULAE
2009 losses: 69845 x 1.111 x 1.022° (1.032) = 85483 Loss ratio = 85,483/122,653 = .697
2010 losses: 76094 x 1.278 x 1.022° (1.032) = 104824.5 Loss ratio = 104,824.5/134,731 = .778

2010 Trend: from 7/1/2010 to 7/1/2010 or 2 years; ULAE factor = 1.032
Overall Trended and Ultimate Loss and LAE Ratio = 190,279/257,426 = .739
Indicate rate change =[LR+F/(1-V-Q)]-1.0=[.739 + .056] / (1 - .24 - .035) = 1.09655 - 1 = 9.66%

c. Given that 25m is a large proportion of the incurred to date losses of $69,845,000, | would exclude this loss
and include a CAT load based on a cat model or longer term historical average of cat losses instead.
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Solutions to questions from the 2011 exam continued:

Question 9 — Model Solution 2

a.
OLFge = 1.0282/[1000 * (Y2 * %2 * ¥4) + 0.97 * (1 - 0.0625)] = 1.05795; 1/2*1/2*1/4 = 0.0625
OLF1,=1.0282/[0.97 * (*2* 1 * %) + 1.0282 * (1 - .25)] = 1.01435

(1) (2) (3) (4) (5) (6) = (1)*(2)*(5)
CY EP OLF Trend From  Trend To  Trend Factor Trended on-level EP
2009 110,865 1.05795 4/1/09 4/1/12 1.015° 122,648
2010 128,973 1.01435 4/1/10 4/1/12 1.015° 134,778
257,426
(3) = avg. written date of policies earned in calendar year
(4) = avg. written date of projection period
b.
Weighted avg 12-24 24-36 36-48 48-60
LDF 1.150 1.100 1.010 1.000
To Ultimate 1.27765 1.111 1.010 1.000
1) 2) 3) 4) (5) (6) (7) = (1)*(2)*(3)*(6)
CYy Loss & LDF ULAE Trend Trend Trend Trended Ultimate LR
ALAE Load From To Factor Loss & LAE
2009 69,845 1.111 1.032 7/1/09 7/1/12 1.0223 85,483 0.69699
2010 76,094 1.27765 1.032 7/1/10 7/1/12 1.0222 104,796 0.7775
18,279 0.7392

Indicated change = [LR+F/(1-V-Q)]-1=[0.7352 + 0.056 / (1 - 0.24 - 0.035)] - 1 = +9.677%

c. This amount is a catastrophic loss and will distort indications. It should be excluded from the analysis

and an appropriate catastrophe load should be incorporated based on separate analysis.

Question 10

10. (1.5 points) Identify whether the loss ratio or pure premium ratemaking method is preferable in each

of the following scenarios. Briefly explain each answer.

a. (0.5 point) A company introduced two new rating variables within the past year.
b. (0.5 point) A company is entering a new line of business.

c. (0.5 point) A company writes a commercial product with multiple exposure bases.

Question 10 — Model Solution

a. Pure premium because bringing historical premium to CRL with the new variables may be difficult.

b. Pure premium because there is no existing rate to which an indicated change can be applied.
c. Loss ratio because an accurate and consistent exposure measure will be difficult to calculate.
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Statement of Principles Regarding P & C Insurance Ratemaking

CAS COMMITTEE ON RATEMAKING PRINCIPLES

Section 1 Background

Section 2 Definitions

Section 3 The Statement of Principles
Section 4 Considerations

Section 1 Background

A. Background regarding the Principles:

1. The principles are limited to the portion of the ratemaking process involving the estimation of costs
associated with the transfer of risk.

2. Provides the foundation for the development of actuarial procedures and standards of practice.
3. Applies to other risk transfer mechanisms.

The ratemaking process considers marketing goals, competition, legal restrictions, etc., to the extent
they affect the estimation of future costs associated with the transfer of risk

B. The costs associated with transfer of risk include:
1. Claims 2. Settlement expenses 3. Operational and administrative 4. Cost of Capital.

Section 2

Definitions

Select Definitions:

Other acquisition All costs, except commission and brokerage, associated with the acquisition of
expense business.
U/W P&C provision Amounts that, when considered with net investment income and other income,

provide an appropriate total after-tax return.

TL&F Taxes, licenses and fees except federal income taxes.

Section 3 The Statement of Principles

Principle 1 A rate is an estimate of the expected value of future costs.

Principle 2 A rate provides for all costs associated with the transfer of risk.

Principle 3 A rate provides for the costs associated with an individual risk transfer.

(When an individual risk's experience does not provide a credible basis for estimating costs,
it is appropriate to consider the aggregate experience of similar risks).

Principle 4 A rate is reasonable and NOT excessive, inadequate, or unfairly discriminatory if it is an
actuarially sound estimate of the expected value of all future costs associated with an
individual risk transfer.

Notes:

o Ratemaking produces cost estimates that are actuarially sound if it is based on
principles 1, 2 and 3.The actuary need not be completely bound by these precedents.
Material assumptions should be documented and available for disclosure.
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CAS COMMITTEE ON RATEMAKING PRINCIPLES

Section 4

Considerations

Data

Exposure Unit

Mix of Business

Credibility

Actuarial Judgment

Policy Provisions

Reinsurance

Individual Risk Rating

Trends

Organization of Data

Catastrophe

Operational changes

Other Influences

Loss Development

Risk

Investment and other
income

Class Plans

Homogeneity

Consider historical premium, exposure, and loss data (external and internal).

Should vary with the hazard, and be practical and verifiable.

Changes in deductibles, coverage limits affecting frequency and severity.

Homogeneity. A group should be large enough to be statistically reliable.

Can be used effectively. It should be documented and available.

Review subrogation and salvage, coinsurance, deductibles, 2nd injury fund
recoveries.

Examine the effects of various arrangements.

Examine the impact of individual risk rating plans on overall experience.

Consider past and prospective changes in frequency, severity, exposure,
expenses.

CY, AY, RY, PY. Auvailability, clarity, and simplicity dictate the choice.

Consider including an allowance for the catastrophe exposure in the rate.

Review U/W, Claims, Reserving, Marketing.

Regulatory, Residual Markets, Economic Variables need to be considered.

Expected development is subject to CAS Statement of Reserving Principles.

Risk of random variation from expected costs; It should be consistent with
the cost of capital, and therefore influences the U/W profit provision.

Risk of systematic variation of estimated costs from expected costs. This
charge should be reflected when determining the Contingency provision.

Properly defined, it enables the development of actuarially sound rates.

Subdivide or combine to minimize effects of procedural changes.
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Question from the 1989 exam

4. According to the Statement of Principles Regarding Property and Casualty Insurance
Ratemaking, which of the following are true?

1. Arate is an estimate of the expected value of future costs.
2. Informed actuarial judgment should not be used in ratemaking, unless there is a lack of credible data.
3. Consideration should be given in ratemaking to the effects of subrogation and salvage.

A1l B. 2 C. 1,3 D. 2,3 E. 1,2,3

Question from the 1990 exam

1. (1 point) According to the "Statement of Principles Regarding Property and Casualty Insurance
Ratemaking," which of the following are true?

1. Marketing, underwriting, legal and other business considerations should NOT be a factor when
applying the principles set forth in the above statement.

Historical premium, exposure, loss and expense experience is usually the starting point of
ratemaking.

3. Accident year is the best acceptable method of organizing data to be used in ratemaking.

N

A1l B. 2 C. 3 D.1,2 E. None of the above.

Question from the 1991 exam

18. (1 point) According to the CAS Committee on Ratemaking Principles, "Statement of Principles Regarding
Property and Casualty Insurance Ratemaking," which of the following are stated principles?

1. Arate provides for all costs associated with the transfer of risk.
2. Arrate is an estimate of the expected value of future costs.
3. Arrate provides for the costs associated with an individual risk transfer.

A 1 B. 1,2 C. 1,3 D. 2,3 E. 1,2,3

Question from the 1992 exam

There were no questions from this article tested on the above referenced exam.

Question from the 1993 exam

23. According to Statement of Principles Regarding Property and Casualty Insurance Ratemaking, which
of the following are true?

1. The charge for any systematic variation of the estimated costs from the expected cost should
be reflected in the determination of the contingency provision.

2. Experience should be organized on an accident year basis whenever possible.

3. Arrate provides for the costs associated with an individual risk transfer.

A. 2only B. 3only C. 1,3only D. 2,30nly E. 1,2,3.
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Question from the 1994 exam

39. (3 points) You are an actuary analyzing recommended rates for a line of business for which you only
write two classes. The company has a monopoly, and all insureds must buy insurance. There are
no legal restrictions on the rates charged. Below is a summary of the current rate situation.

Class Current Indicated Recommended
A $100 $75 $100
B $200 $225 $200
Average $150 $150 $150

Are the recommended rates consistent with the Principles set forth in the "““Statement of Principles
Regarding Property and Casualty Insurance Ratemaking"? Be specific and explain why or why not.

Questions from the 1995 exam
1. (1 point) According to the “Statement of Principles Regarding Property and Casualty Insurance Ratemaking”,
which of the following are true?
1. Affordability is specifically stated as an important factor that should be considered in the ratemaking
process.
2. The cost of reinsurance should be considered in the ratemaking process
3. Changes in the underwriting process should be considered in the ratemaking process.

A. 1lonly B. 2only C. 3only D. 2,3only E. 1,2, 3

28. (2 points) Your company wants to start writing Automobile Insurance in State X. You have developed
rates and have filed them with the insurance department. The insurance department accuses your
company of filing excessive rates because they are significantly higher than your rates for identical
insureds in neighboring State Y.

Using the “Statement of Principles Regarding Property and Casualty Insurance Ratemaking," list and
briefly describe four external influences that you could cite that justify higher rates in State X.

Question from the 1996 exam
1. According to the "Statement of Principles Regarding Property and Casualty Insurance Ratemaking,"
which of the following are true of ratemaking?
1. Consideration should be given to the effect of reinsurance arrangements.
2. Consideration should be given to the quality of company management.
3. Consideration should be given to changes in claims handling practices.

A. lonly B. 2o0nly C. 3only D. 1,3only E. 1,23

Question from the 1997 exam
25.
A. (1 point) According to the "Statement of Principles Regarding Property and Casualty Ratemaking," what
are three desirable features for exposure units to have?
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Question from the 1998 exam

46. Assume that a state has a monopoly on a line of insurance, and it mandates that each insured pays
the same fixed rate, based upon what it believes the average insured can afford. Any deficit is made
up from the state's general revenues, and any surplus goes into other state funds.

Based on the "Statement of Principles Regarding Property and Casualty Insurance Ratemaking,"
answer the following questions.

a. (1.5 points) Identify principles 1, 2, and 3 and state whether the system described above satisfies
each principle. Briefly explain why or why not.

b. (.50 point) If the state changes the system so that if there is a deficit, there is an equal surcharge on all
policyholders, and if there is a surplus there is an equal rebate, how would your answer to part (a)
change?

Question from the 1999 exam

Question 41. As the ratemaking actuary for your company, you have proposed to change the exposure base for
automobile coverage to "actual miles the vehicle is driven."

Based on the "Statement of Principles Regarding Property and Casualty Insurance Ratemaking," state
three criteria for a desirable exposure base and briefly discuss whether your proposal satisfies (or
does not satisfy) each criteria.

Question from the 2000 exam

22. According to the Statement of Principles Regarding Property and Casualty Insurance Ratemaking, which of
the following statements is true?

Subdividing the data to minimize the effects of operational or procedural changes may increase credibility.
Creating homogeneous groupings of data will tend to decrease the credibility of the data.
Data should not be organized by calendar year for purposes of producing rates.

When considering the trade-off between partitioning of data into homogeneous groups versus increasing the
volume of ratemaking data in each grouping, preference should be given to creating the most homogeneous
groupings.

E. None of A, B, C, or D is true.

OO W

Question from the 2000 exam

42. (2 points)

According to the Statement of Principles Regarding Property and Casualty Insurance Ratemaking, ratemaking
produces actuarially sound cost estimates if rates are based on three principles.

a. (1 point) State these three principles.

b. (1 point) If a rate is actuarially sound, it complies with four criteria commonly used by actuaries. Name these
four criteria.
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Questions from the 2001 exam

Question 3. According to the Statement of Principles Regarding Property and Casualty Insurance
Ratemaking, which of the following statements is true?

. Unallocated loss adjustment expenses are the claim settlement costs directly assignable to specific claims.
. Taxes, licenses, and fees exclude federal income taxes.

. Policyholder dividends are a return of premium not assigned as an expense.
. Allocated loss adjustment expenses include all costs associated with the settlement of claims.

. General administrative expenses are all costs, except commission and brokerage costs, associated
with the acquisition of business.

moow>

Question 4. According to the Statement of Principles Regarding Property and Casualty Insurance
Ratemaking, which of the following statements is true?

A. Consideration should be given to changes in case reserving that affect the continuity of the experience.

B. Consideration should be given to the determination of an appropriate exposure unit or premium basis,
although it is not essential.

C. Ratemaking is retrospective because the property and casualty insurance rate must be developed
after the transfer of risk.

D. Credibility is generally increased by making groupings more heterogeneous due to the diversification
benefit from combining uncorrelated items.

E. Changes in policy provisions, such as coordination of benefits and second injury fund recoveries, are
outside the scope of ratemaking data and thus need not be considered in ratemaking methodologies.

Questions from the 2002 exam

1. Based on the Statement of Principles Reqgarding Property and Casualty Insurance Ratemaking, which
of the following statements is false?

A. Arate is an estimate of the expected value of current costs.

B. A rate provides for all costs associated with the transfer of risk.

C. Arate provides for the costs associated with an individual risk transfer.

D. Rates that are actuarially sound comply with the following criteria: reasonable, not excessive, not
inadequate, and not unfairly discriminatory.

E. Ratemaking is prospective because the property and casualty insurance rate must be developed
prior to the transfer of risk.

Questions from the 2003 exam

30. (3 points) The Statement of Principles Regarding Property and Casualty Insurance Ratemaking lists
numerous considerations involved in the ratemaking process. State and briefly discuss three of these
considerations that have been impacted by the recent rise in worldwide terrorist activity.

Questions from the 2004 exam
9. Which of the following is true regarding ratemaking expense provisions?
1. Taxes, licenses and fees do not include federal income tax.
2. Other acquisition expenses include commission and brokerage expenses.

3. General administrative expenses represent all costs associated with the claim settlement process not directly

assignable to specific claims.
A. 1only B. 2 only C. 3only D. 1 and 2 only E. 1and 3 only
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Questions from the 2004 exam (continued):

38. (1.5 points) Credibility is an important consideration in ratemaking methodology.

a. (0.5 point) Define credibility.
b. (0.5 point) One method of increasing credibility is by increasing the size of the groupings analyzed.
Briefly describe another method to increase credibility.

c. (0.5 point) Explain a potential weakness in increasing credibility by the method you provided in part
b. above.

Questions from the 2005 exam
35. (2 points) State the four ratemaking principles of the Casualty Actuarial Society.

Questions from the 2006 exam

25. (1.5 points) The ratemaking actuary for ABC Insurance Company is proposing to change the

exposure base for Homeowners Insurance from number of homes to amount of Coverage A.

a. (0.5 point) According to the Statement of Principles regarding P&C Insurance Ratemaking, state
two desirable characteristics of an exposure base.

b. (1.0 point) Determine which exposure base better satisfies each of the characteristics stated in
part a. above. Explain.

Questions from the 2007 exam
11. Which of the following is true based on the Statement of Principles Regarding Property and Casualty

Insurance Ratemaking?
A. Unallocated loss adjustment expenses are the claim settlement costs directly assignable to
specific claims.
Taxes, licenses, and fees exclude federal income taxes.
Policyholder dividends are a return of premium not assigned as an expense.
Allocated loss adjustment expenses include all costs associated with the settlement of claims.
General administrative expenses are all costs, except commission and brokerage costs,
associated with the acquisition of business.

moow

Questions from the 2009 exam
39. (1.75 points)

a. (1 point) Identify two considerations from the "Statement of Principles Regarding Property & Casualty
Ratemaking" that could apply to the concept of insurance to value. Briefly explain the relevance of each to
insurance to value.

b. (0.75 point) An insurance company increases the insurance to value of its book of business.
Briefly describe the impact on each of the following:

* Premium
e Losses
* Expenses
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Solution to the question from the 1989 exam
Question 4.
1. T.

2. F.
3. T.

Solution to the question from the 1990 exam
Question 1.
1. F.

2. T.
3. F.

Solution to the question from the 1991 exam

Question 18.
1. T

2. T.
3. T.

Solution to the question from the 1993 exam

Question 23.
1. T. Risk
2. F. Organization of Data.
3. T

Solution to the question from the 1994 exam
Question 39.

Answer C.

Answer B.

Answer E.

Answer C.

Principle 1: A rate is an estimate of the expected value of future costs. The recommended average rate of
$150 is consistent with the indicated estimate of the expected value of future costs.

Principle 2: A rate provides for all costs associated with the transfer of risk. By recommending an average
rate, which provides for the costs associated with the transfer of risk, equal to the indicated

average rate, equity among insureds is maintained.

Principle 3: A rate provides for the costs associated with an individual risk transfer. The recommended rate
of $200 for class B does not provide for the costs associated with an individual risk transfer, as

it is $25 below that which is indicated.

Solutions to questions from the 1995 exam

Question 1.
1. F. Affordability is not one of the considerations.

2. T. Reinsurance.
3. T. Operation Changes

Answer D.
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Solutions to questions from the 1995 exam
Question 28.

1. Other Influences: The judicial environment, residual markets, guaranty fund assessment all vary by state.

2. Trends: Consideration of past and prospective changes in frequency, severity, exposure, expenses, which
can vary by state.

3. Economic variables: Costs associated with repair and replacement all vary by state.
4. Catastrophe: The types of natural catastrophe’s vary by state, and degree of frequency and severity.

Solution to the question from the 1996 exam

Question 1.
The "Statement of Principles Regarding Property and Casualty Insurance Ratemaking," identifies 18
considerations.

1. Reinsurance is specifically listed.

2. Quality of company management is not listed.

3. Changes in claims handling practices is just one of the items mentioned under the category "Operational
Changes". Answer D.

Solution to the question from the 1997 exam

Question 25.
A. Exposure units should vary with the hazard, and be practical and be verifiable.

Solution to the question from the 1998 exam

Question 46.

a.

Principle 1: A rate is an estimate of the expected value of future costs. The recommended rate, based on
affordability, and not on expected future costs, is not consistent with this principle.

Principle 2: A rate provides for all costs associated with the transfer of risk. Since any deficit is made up by
the state's general fund, this principle is not satisfied.

Principle 3: A rate provides for the costs associated with an individual risk transfer. Since the
recommended rate is fixed, this principle is not satisfied, as the costs associated with individual
risk transfer are not recognized.

b. Principle 2 is now satisfied since offering a rebate or imposing a surcharge provides a mechanism to
target all costs associated with the transfer of risk.
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Solutions to questions from the 1999 exam
Question 41.

The statement of principles state that "it is desirable that exposure unit:
1. be Practical
2. be Verifiable
3. vary with the level of risk

The proposed exposure base is "actual miles the vehicle is driven."

1. The proposed exposure base is not practical from a number of aspects, including:

Accuracy - asking insureds to provide exposure base information makes the exposure base easy to
manipulate, and thus, gives rise to a moral hazard.
Expense - the expense of having the odometer read by company personnel may outweigh the benefits
gained from using this exposure base.

2. The proposed exposure base is verifiable (odometers can be read), but is subject to the following types of
manipulation:

a. odometers can malfunction
b. odometers can be adjusted by individuals and automobile shops.

3. For auto liability and collision, actual miles driven (as an exposure unit) clearly varies with the level of risk.

Solutions to questions from the 2000 exam
Question 22. Which of the following statements is true?

A. T. Subdividing the data to minimize the effects of operational or procedural changes may increase credibility.
Credibility is increased by making groupings more homogeneous or by increasing the size of the group
analyzed. Homogenous groups require refinement and portioning of the data. See page 3.

B. F. Creating homogeneous groupings of data will tend to decrease the credibility of the data.
Credibility is increased by making groupings more homogeneous or by increasing the
size of the group analyzed. See page 3.

C. F. Data should not be organized by calendar year for purposes of producing rates. Acceptable methods of
organizing data include calendar year, accident year, report year and policy year. See page 3.

D. F. When considering the trade-off between partitioning of data into homogeneous groups versus
increasing the volume of ratemaking data in each grouping, preference should be given to
creating the most homogeneous groupings. Each situation requires balancing homogeneity
and the volume of data. See page 3.

Answer A.
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Solutions to questions from the 2000 exam

Question 42.
a. State the three principles in which ratemaking produces actuarially sound cost estimates

Principle 1 A rate is an estimate of the expected value of future costs.
Principle 2 A rate provides for all costs associated with the transfer of risk.
Principle 3 A rate provides for the costs associated with an individual risk transfer.

(When an individual risk's experience does not provide a credible basis for estimating costs,
it is appropriate to consider the aggregate experience of similar risks).

b. If a rate is actuarially sound, name the four criteria commonly used by actuaries.

Principle 4: A rate is actuarially sound if it is:
1. Reasonable

2. NOT excessive

3. NOT inadequate
4

. NOT or unfairly discriminatory if it is an actuarially sound estimate of the expected value of all future
costs associated with an individual risk transfer.

Solutions to questions from the 2001 exam

Question 3. Which of the following statements is true?

A. Unallocated loss adjustment expenses are the claim settlement costs directly assignable to specific claims.
False. Allocated loss adjustment expenses are claim settlement costs directly assignable to specific claims.

B. Taxes, licenses, and fees exclude federal income taxes. True. Answer B.

C . Policyholder dividends are a return of premium not assigned as an expense. False. Policyholder
dividends are a non-guaranteed return of premium charged to operations as an expenses.

D. Allocated loss adjustment expenses include all costs associated with the settlement of claims. False.
Allocated loss adjustment expenses are the claim settlement costs directly assignable to specific claims.

E. General administrative expenses are all costs, except commission and brokerage costs, associated
with the acquisition of business. False. General administrative expenses are all other operational and
administrative costs.
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Solu

tions to questions from the 2001 exam

Question 4. According to the Statement of Principles Regarding Property and Casualty Insurance

Ratemaking, which of the following statements is true?

A. Consideration should be given to changes in case reserving that affect the continuity of the
experience. True. Answer A.

B. Consideration should be given to the determination of an appropriate exposure unit or premium basis,
although it is not essential. False. The determination of an appropriate exposure unit or premium
basis it is essential.

C. Ratemaking is retrospective because the property and casualty insurance rate must be developed
after the transfer of risk. False. Ratemaking is prospective because the property and casualty
insurance rate must be developed prior to the transfer of risk.

D. Credibility is generally increased by making groupings more heterogeneous due to the diversification
benefit from combining uncorrelated items. False. Credibility is generally increased by making
groupings more homogeneous or by increasing the size of the group analyzed.

E. Changes in policy provisions, such as coordination of benefits and second injury fund recoveries, are
outside the scope of ratemaking data and thus need not be considered in ratemaking methodology. False.
Changes in policy provisions, such as coordination of benefits and second injury fund recoveries, need to

be

considered in ratemaking methodology

Solu

tions to questions from the 2002 exam

1. Based on the Statement of Principles Reqgarding Property and Casualty Insurance Ratemaking, which

of the
A

B.
C.
D.

following statements is false?

. Arate is an estimate of the expected value of current costs.

False. Arate is an estimate of the expected value of future costs.

A rate provides for all costs associated with the transfer of risk. True.

A rate provides for the costs associated with an individual risk transfer. True.

Rates that are actuarially sound comply with the following criteria: reasonable, not excessive, not
inadequate, and not unfairly discriminatory. True.

. Ratemaking is prospective because the property and casualty insurance rate must be developed
prior to the transfer of risk. True.
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Solutions to questions from the 2003 exam
30. (3 points) The Statement of Principles Regarding Property and Casualty Insurance Ratemaking lists

numerous considerations involved in the ratemaking process. State and briefly discuss three of these
considerations that have been impacted by the recent rise in worldwide terrorist activity.

. Reinsurance. Reinsurance has become more expensive because of the major losses on Sept 11. In
addition, many reinsurers have become insolvent, making recoveries uncertain. Both the cost of
reinsurance and the solvency of the reinsurer must be considered.

. Catastrophe losses. Terrorist attacks were considered a catastrophe. The potential for future
catastrophic losses from terrorist attacks needs to be considered in any allowance for the catastrophe
exposure in the rates.

. Legislation. There is a bill that has or is about to be passed about government involvement in losses
sustained in terrorist attacks. When this bill is passed, the effect on net losses for insurers will need to
be considered in ratemaking process.

Solutions to questions from the 2004 exam

9. Which of the following is true regarding ratemaking expense provisions?

1. Taxes, licenses and fees do not include federal income tax. True. See Section 1: Definitions.
2. Other acquisition expenses include commission and brokerage expenses. False. Other acquisition
expenses are all costs, except commission and brokerage, associated with the acquisition of business.

3. General administrative expenses 