


As of March 31, 2006 As of March 31, 2007
Paid I Outstanding Paid I Outstanding

400,000 I 100,000 625,000 I 0

July 1, 2006 July 1, 2006 January 1, 2006 January 1, 2006
to to to to

July 1, 2007 July 1, 2008 July 1, 2007 July 1, 2008

1.18 1.30 1.24 1.36

Territory 1 Territory 2
Present Rates

Class 1 (Differential) 100 (1.00) 200 (2.00)
Class 2 (Differential) 300 (3.00) 600 (6.00)

Collected Earned Premium 700,000 600,000
Policy Year 2005 Incurred
Losses as of March 31, 2007 360,000 240,000

Earned Exposure Units
Class 1 5,000 2,000
Class 2 1,000 500

Solution
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Example 3.7

Given the following information, and assuming the revised rates take effect
July 1, 2007 for one year on one-year policies, determine new rates for each
of Class 1 and Class 2, for each of Territory 1 and Territory 2. (Class 1/2
differentials will not change.) Use the loss ratio and loss cost methods, and
base the overall average rate change on 2005 policy year data, assuming
they are fully credible for that purpose. The permissible loss ratio is .600.

Policy Year 2004 Losses

Trend Factors

For each of the two methods, loss ratio and loss cost, the rate change
involves the three stages of (i) overall or average rate change, (ii) change in
differentials, and (iii) balance back.
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Basic Ingredients

We must first calculate the expected losses to be incurred in the future
exposure period, trended and developed. We begin by calculating a loss-
development factor to apply to the 2005 policy year losses. From the policy
year 2004 data, we can see that, at the 2006 reporting (i.e., as of27 months),
the total incurred losses were 500,000 (400,000 + 100,000). One year later
(as of 39 months), the total incurred losses were 625,000. These losses are
considered fully mature because there are no reserves. Thus, policy year
2004 data exhibited loss development of +25% from first report to fully
mature.

Assuming the same loss development for 2005 data, we would use a loss-
development factor of 1.25 to develop the 2005 policy year losses to their
expected ultimate value.

Next we calculate the trend factor, making the use of the following diagram.

January 1,2006
(Average Accident Date
for Policy Year 2005).

JulyI, 2008
July 1,2007 (Average Accident Date

(Effecti~e Date) for E~fectivePeriod)
I

~

Historical Experience Period
~

Future Effective Period

IFigure 3.51

The experience data come from policy year 2005 with an average accident
date of January 1, 2006. The effective date is July 1, 2007 so the future
effective period is from July 1,2007 through June 30, 2009, with an average
accident date of July 1,2008. Thus the required trend factor is the one that
goes from January 1,2006 to July 1,2008, which is given as 1.36. Then in
total we find

E [Dollars of Future Losses (Developed and Trended)]

- (360,000+240,000)(1.25)(1.36)

= 1,020,000.
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Loss Ratio Method

(i) Overall Rate Change
For the loss ratio method the actuary must calculate the earned premi-
um at current rates. The accounting entry for collected earned
premium is not the correct denominator, because it could contain
earned premiums based on the rates in rate manuals older than the
current manual.

Earned Premium at Current Rates

= ?=,c Ri,j . eij
Z,J

= (100)(5,000) + (300)(1,000) + (200)(2,000) + (600)(500)

= 1,500,000.

This produces

Expected Effective Period Loss Ratio at Current Rates

-
1,020,000

- 680- 1,500,000 - . ,

which, based on a permissible loss ratio of .600, leads to

Indicated Rate Change = :~~~ - 1 = + 13.3%.

(ii) Change in Differentials
The given data allow for a territorial differential change analysis but
not a class differential change analysis, because loss data by class
were not given. We are told that class differentials will remain the
same, and are asked to determine the indicated new differentials for
Territories 1 and 2. (We must assume the data are 100% credible.)

Territory 1 Earned Premium at Current Rates:

(100)(5000) + (300)(1000) = 800,000

Territory 2 Earned Premium at Current Rates:

(200)(2000) + (600)(500) = 700,000
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Existing Loss Ratio at Indicated
Territory Differential Current Rates Differential

1.00 360,000
- 450 1.00800, 000 - .

2 2.00 240,000
- 3429 '~4~9(2.00) = 1.5238700, 000 - .

It is irrelevant to this territorial differential analysis whether losses are
trended and developed or not, since we are analyzing ratios of loss ratios.
Note that as presented, the Territory 1 differential has been left at 1.00,
whereas the Territory 2 differential has been reduced from 2.00 to 1.5238.
This suggests that the actuary could define the new rates as follows:

Class 1
Class 2

Territory 1

113.33
340.00

Territory 2

172.70
518.09

If this were done, however, the resulting rate increase would be less than the
required +13.3%, due to the off-balance created by the method used to
change differentials. This is adjusted in the balance-back step.

(iii) Balance Back
Old Average Differential:

(5000)(1) + (1000)(3) + (2000)(2) + (500)(6)
= 1.76478500

New Average Differential:

(5000)(1) + (1000)(3) + (2000)(1.5238) + (500)(4.5714)
= 1.56868500

The balance-back factor is

OldAverageDifferential
-

1.7647 -11250New Average Differential - T3b8O -. ,

leading to the following proposed rates:

Class 1
Class 2

Territory 1
127.50
382.50

Territory 2
194.28
582.85



Existing Indicated
Territory Differential Loss Cost Differential

1.00 360,000
- 60 1.006,000 -

2 2.00 240,000
- 96 1.602,500 -
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These proposed rates will result in a 13.3% increase in premium income, as
required.

Loss Cost Method

(i) Average Rate Change

We have already calculated:

E[Dollars of Future Losses (Developed and Trended)] - 1,020,000,

from which we find

Indicated Loss Cost = 1,020,000
- 120008,500 - .

and

120 120Average Gross Rate = P LR = :ouu = 200.00.

(Note that this is the indicated average gross rate, but not the
indicated rate for any particular territory or class, which can be
determined only when we know the new average differential for our
expected book of business.)

Change in Differentials(ii)

To set the new territorial differentials, the actuary normally calculates
the average loss costs for Territory 1 and Territory 2, and compares
them as follows:

This is not the same answer as we got from the loss ratio method. As seen in
Example 3.6, the loss cost method normally leads to the correct answer only



Existing Weighted5 Loss Cost per
Differ- Units of Weighted Unit Indicated

Territory ential Exposure of Exposure Differential

1.00 8000 360,000
- 45 00 1.008,000 - .

2 2.00 3500 240,000 - 68 57 1.52383,500 - .
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if all cross-variable distributions are homogeneous, which is not the case
here. Recall the following earned exposure unit data:

Class 1
Class 2

Territory 1
5,000
1,000

Territory 2
2,000

500

In Territory 1, ~ of drivers are Class 1 and t are Class 2. In Territory 2, ~
of drivers are Class 1 and! are Class 2. To arrive at the correct answer, this

heterogeneity of cross-variable distributions must be reflected. One way to
accomplish this is to use exposure units that are weighted by their cross-
parameter differentials. That is, Class 1 will count as an exposure unit with
weight 1.00, but Class 2 will count as an exposure unit with weight 3.00,
because of its class differential of 3.00. This leads to the following results:

(iii) Balance Back

For any risk cell:

Rate (i, j) = (Base Rate)(D;)(Dj).

Thus, the actuary determines the gross rate for the base class: Class 1,
Territory 1 that will produce the correct manual rates by balancing
back for the average indicated differential. Thus

Average Gross RateBase Gross Rate =
A D'ff! (I 'verage I eren Ia

where the average gross rate is 200 and the average differential is

5These are normally called "Base Exposures." For further discussion see: Risk Classifi-
cation by Robert 1. Finger in the textbbook Foundations of Casualty Actuarial Science,
Casualty Actuarial Society, 2001.
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(5000)(1) + (1000)(3) + (2000)(1.5238) + (500)(4.5714)
= 1.5686.

This leads to

Base Gross Rate =
1.~~~6 = 127.50.

The resulting manual rates are the same as with the loss ratio method, as
expected. A general proof of the equivalence of the manual rates under the
loss cost and the loss ratio methods is given in Appendix A. D

Example 3.8

Given the following data, show that Exposure Units, adjusted for
"heterogeneity" in the cross distributions,are equivalent to Earned Premiums
at Current Rate Levels divided by the corresponding Base Rates.

Territory
A
B
C

Current
Base Rates

250
110
200

Current
Average Rates

200
100
200

Earned Premiums
at Current Rates

$1,000,000
1,540,000

800,000

Solution

Earned Prem at Curr Rates = (Curr. Aver. Ratesj) (Exposuresj)

So Exposure Units = Earned Premo at Curro Rates / Curro Aver. Rates

Territory
A
B
C

Exposure Units
1,000,000/200 = 5,000
1,540,000/100 = 15,400

800,000/200 = 4,000

But if we know that there is heterogeneity in the cross distributions, then we
should use Adjusted Exposure Units in the Loss Cost method, not pure
Exposure Units.
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