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Abstract

This paper describes the context in which the requirement for a sequential analysis was developed and
provides technical guidelines for performing the analysis. The types of data needed to perform a
sequential analysis are discussed and detailed examples of two approaches are presented. A
sequential analysis proceeds one step at a time. The key task is measuring the influence of prior
- rating factors and adjusting for it. The loss residual approach is based on evaluating the variations
in losses that have not been accounted for by previous factors. The prior relativities approach is
based on adjusting a rating factor’s relativities by the average relativity of prior factors. Both
approaches are mathematically equivalent and produce the same results. The spreadsheet instructions
needed to implement the prior relativities approach for two different types of algorithms each with
two different ways of handling the good driver discount are completely worked out in examples.



Introduction

The term sequential analysis as is it is used in this paper refers to a technique for analyzing loss
data to determine indicated relativities. These indicated relativities are associated with the
categories of rating factors that are part of a private passenger automobile rating plan. The
concept of performing a sequential analysis took on increased importance in California after the
passage of Proposition 103. Prior to Proposition 103, insurers were generally free to determine
rates using any acceptable actuarial method. Proposition 103 eliminated some of insurers’
discretion to design private passenger automobile insurance rates. In 1989, prior to the many
public hearings held by the Department, the prior Commissioner appointed a committee to advise
her on the issues related to implementing Proposition 103. Among the committee’s
recommendations was that regulations be issued requiring a sequential analysis as part of the rate
development process. The sequential analysis requirement has been a part of all related
regulations since that time. The purpose of this paper is to describe methods for performing a
sequential analysis that are in compliance with the regulations (California Code of Regulations,
Title 10, Section 2632) that have been recently approved by the Office of Administrative Law.
(These regulations were commonly referred to as the RH-338 or auto rating factor regulations).
While we are not aware of other methods that meet the requirements of the regulations, if
compliance can be demonstrated, another method could be used for performing the
sequential analysis.

It should be noted that performing a sequential analysis is only one step in developing a rating
plan that meets the requirements of Proposition 103. After the sequential analysis is completed, it
is necessary to evaluate the indicated relativities and to select the actual relativities that will be
used in the premium calculation algorithm. Once selected relativities are determined, it is
necessary to calculate the weights of the rating factors and ensure they are in the correct order.
These additional steps are beyond the scope of this paper.

The regulations that implement the portion of Proposition 103 dealing with auto rating factors
requires “The determination of the initial relativities to associate with a rating factor shall be
established by performing a sequential analysis. The sequential analysis shall remove the variation
in loss costs already explained by prior factors.”* The concept of sequential analysis requires that
rating factors be taken in the order prescribed in the regulations, one at a time. Each factor is
analyzed in its turn to determine the loss costs associated with it. These loss costs are generally
described as indicated relativities. The key to meeting the requirement is removing the variation
or influence on loss costs accounted for by prior factors before determining the relativities for the
rating factor next in the sequence. The general approach taken in a sequential analysis is
illustrated in Figure 1. '

'In the language of the regulations the “initial relativities” are the first set of relativities for which factor-
weights are calculated. These relativities are either the indicated relativities from the sequential analysis or are
determined by evaluating the indicated relativities from the sequential analysis and selecting the actual relativities
to use. If the factor weights are not in the required order the initial relativities are either pumped or tempered and
“new relativities” are calculated. In such cases, the new relativities replace the initial relativities for premium
calculation purposes.
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Figure 1. The Sequential Analysis Process
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In order to remove the influence of prior factors, a step-by-step procedure must be used.
Approaches that consider all factors at one time, such as multiple regression analysis, do not meet
the requirement that the influence of prior factors be removed before determining the relativities
of a new factor. Similarly, approaches that proceed in a step-by-step fashion but do not adjust for
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the effect of the prior factors do not meet the new regulation requirements.

As previously noted that the process of selecting the specific relativities to associate with a rating
factor for the purposes of the class plan filing is separate from the sequential analysis. The
purpose of the sequential analysis is to document the rating factor’s relationship to the underlying
loss data. At each step in the sequential analysis the prior relativities or pure premium based on
prior factors is determined by using the indicated relativities of the prior factors. (If the selected
relativities for a factor are significantly different than the indicated relativities, an insurer may wish
to perform another sequential analysis. This second sequential analysis would be based on the
selected relativities and would show new indicated relativities for subsequent factors and could
provide useful information for selecting the relativities of subsequent factors.)

There are only two approaches that we are aware of for performing a sequential analysis that
rigorously controls for the variation in loss costs already explained by the prior factors. Oneisa
relativities oriented method, the other is a residual oriented method. The goal of both
approaches is the same; however, the information used by each method is slightly different.

Data Needed for a Sequential Analysis

The type of data needed to perform a sequential analysis depends on the approach used (i.e.,
either prior relativities or loss residuals) to perform the analysis. How the data are manipulated
depends on the type of premium calculation algorithm used. On a practical basis, individual
records are required for any other algorithms besides a exclusively additive algorithm (i.e., of the
form: Premium = Base Pure Premium * (1.0 + F, +F,+F,+ ...)).2 These records need to link
losses to individual vehicles. The data needed includes losses, exposures, and the rating factors
associated with the vehicle.

For exclusively additive algorithms®, it may be practical to perform a sequential analysis using
summary data. This summary data includes the unadjusted indicated loss or relativity for each
category of the rating factors to be used, and the two-way cross distribution of exposures for each
factor prior to the factor being developed (e.g., for F;, F, x F; and F, x F; would be needed).

2The notation F,, F;, F;, ... is used to indicate the first, second, third, etc. factors in the sequential
analysis. Section 2632.7(b) of the regulations specifies the order in which the factors are to be analyzed.

3t should be noted that Section 2632. 12(a) of the regulations has the effect of prohibiting an exclusively

additive algorithm. This section requires “The good driver discount {GDD] must be applied after the total
premium is developed . . . .” Thus an additive algorithm would have to be modified to take the form: Premium =
Base Pure Premium * (1.0 +F, + F,+F;+ ...) * GDD. An additive algorithm thus modified is no longer a
“exclusively additive algorithm.” However, if the GDD requirement is ignored while the rating factors are
developed (see the section “Treatment of GDD”), a sequential analysis could proceed as if an exclusively additive
algorithm were being developed. Even if the GDD is taken into account while developing the rating factors fora
“mostly additive algorithm,” it is still possible to perform a sequential analysis with symmary data. It is just more

“complicated. The methods for performing a sequential analysis using summary data for a mostly additive
algorithm (i.e., a exclusively additive algorithm modified to include a multiplicative GDD factor) are shown in
section II of this paper. .
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Theoretically, it is possible to perform a sequential analysis for a multiplicative algorithm using
summary data. The practical problem is that in order to remove the influence of prior factors, it is
necessary to determine a N-way distribution of the rating factors, where N is the number of all
possible combinations of rating factor categories. The size of the N is determined by the number
of categories in each rating factor N=n; * n, * n; * ..., where n, is the number of categories in
the i rating factor). If only a few factors are used or only a few categories are used on most of
the factors, then an approach utilizing summary data may be practical. However, with many
factors or many categories, N becomes so large that the procedure becomes impractical.

The examples discussed in the following sections describe procedures that use individual records.
Attachments A and C describe the procedures to use with summary data and a multiplicative
algorithm. Attachments B and D describe the procedures to use with summary data and an
additive algorithm. These detailed examples show how to implement a sequential analysis using
summary data in a spreadsheet.

Data Used in Examples
To illustrate the basic methodology of the different approaches a simplified premium calculation
algorithm using only three simplified factors is used. A separate section expands on the simplified
algorithms by adding the good driver discount (GDD) to the sequential analysis process. The
procedure shown in the examples can be extended to algorithms that use more factors and factors
that use more categories. The basic method remains the same. The three factors and their
categories are:
1. Safety Record: O points
1 point
2 or more points
2. Mileage: low
medium
high
3. YearsLicensed: 0Oto7
' 8to 14
15 or more

The distribution of vehicles and the loss data shown in the examples are actual loss data from a
large California insurer. In order to reduce the demand on computer resources and program run
times, the data file used for the examples was created by selecting a random sample of the records
from one year. The sample data file that was created contained loss data for just over 200,000
vehicles. These records were then weighted by a variable measuring the exposure for the year.
After weighting, the sample loss records represented about 150,000 vehicle years of exposure.

Treatment of the GDD

The final version of the regulations contains no references to the GDD in the section on sequential
analysis (2632.7). The key issues regarding the GDD that must be addressed when performing a
sequential analysis are: 1) how should the effect of the GDD be considered when developing the
other factors, and 2) how should the magnitude of the discount be determined.
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Regarding the magnitude of the GDD, the GDD requirement as it is stated in Section 2632.12(a)
of the regulations requires that drivers who qualify for the GDD “shall be charged a rate that is at
least 20 percent less . . .” than a driver not qualifying for the GDD. This language combined with
the requirement of Section 2632.7(c) (initial relativities of multiplicative factors must have a
weighted average of 1.0) allows the relativities for the GDD factor to be determined by a formula*
of the type:

y=1/(1-(02*x) . [1]
where,
y = the relativity for vehicles not qualifying for a GDD
08*y = the relativity for vehicles qualifying for a GDD
X = the percent of vehicles qualifying for the GDD expressed as a decimal

Some GDD relativities for various percent of vehicles qualifying for the GDD are:

% Qualifying for GDD Relativity for non-GDD Relativity for GDD

85% 1.205 0.964
90% 1.220 0.976
95% 1235 | 0.988

In the sample data used in the examples that follow 93.4% of the vehicles qualify for the GDD.
This translates into relativities of 0.984 and 1.230 for the GDD.

It is also possible to determine the magnitude of the GDD by an analysis of loss costs (subject to
the requirement that the discount be a minimum of 20%). If the size of the GDD is determined by
an analysis of loss costs, when this determination is made in the sequential analysis process is
critical. If the GDD is analyzed before any other rating factor, the increase in rates from good
driver to non-good driver could be 80% to 100% or more. A GDD of this magnitude could result
in a counter intuitive safety record factor when it is subsequently developed. This is due to the

~ large overlap between the GDD and safety record. If the GDD is analyzed after all the other
factors are developed, there could be so little unexplained variation in loss costs that the indicated
magnitude of the discount is substantially below the required 20% minimum.  In such a situation

- setting the discount to the 20% minimum would cause the rating plan to make a substantial
deviation from loss costs. Some insurers may wish to avoid this type of situation to the extent
that it is possible.

*This particular formula assumes that the GDD is implemented in such a way to provide the minimum
20% difference required by the regulations and that the weighted average of the factor is 1.0. It is the result of
solving the following equation fory: ((1 -x) *y) + (x * 0.8 *y) = 1.0. K an insurer wished to implement the
GDD with a higher discount, say 25%, then the 0.2 in formula [1] would be replaced by the decimal equivalent of
the higher discount. If the higher discount was chosen to be 25% the 0.2 would be replaced by 0.25. The relativity
for the drivers qualifying for a GDD would then be 0.75 * y (instead of the 0.8 * y that is shown above).
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Intertwined with the issue of the magnitude of the GDD is how the GDD’s effect should be
considered when developing the other factors. In the regulations, the GDD is generally
considered a requirement of the Proposition rather than a rating factor. The GDD is not
considered in the part of the regulations that define the mandatory and optional rating factors,
how loss data is to be analyzed to determine initial relativities, and how weights for the rating
factors are to be determined (Sections 2632.5, 2632.7, and 2632.8). Because the regulations do
not specify a specific direction, varying interpretations could be possible. In this paper two
approaches towards the GDD are considered: 1) take into account the effect of the GDD when
developing all of the rating factors, and 2) ignore the effect of the GDD when developing all of
the rating factors. The two approaches produce very different consequences.

As the GDD requirement is a condition imposed by Proposition 103 it is reasonable to consider
the effect of this requirement when developing the rating factors. A positive aspect of this
approach is that the resulting rating plan is based on loss costs and more accurately reflects the
risk of loss. A negative aspect is there is somewhat more work involved in dealing with one more
“factor.” Also, in the case of a mostly additive algorithm, the sequential analysis process is more
complicated. The additional complications are necessary to control for factor interactions among
the non-additive factors. This increased complexity only affects plans using the mostly additive
algorithm, exclusively multiplicative algorithms follow a similar procedure regardless of when (or
if) the GDD is introduced into the sequential analysis.

A positive aspect of ignoring the effect of the GDD when developing the rating factors is that
there is one less step in the sequential analysis process. Also, the procedure for a mostly additive
~ algorithm is computationally less complex. A negative aspect is that the rating plan that ignores
the GDD in the development of the rating factors may develop rates that are significantly different
from the risk of loss. The result could be good drivers receive an unearned discount while non-
good drivers could receive an unearned surcharge. If the magnitude of these deviations is
substantial there could be a problem of inadequate rates for good drivers or excessive rates for
non-good drivers. :

The remainder of this paper is divided into two major sections. The first section deals with
performing a sequential analysis where the GDD is ignored while the rating factors are developed.
In the second section, the effect of the GDD is considered when developing the rating factors.
Each section contains subsections that describe how to perform a sequential analysis using the
loss residual approach, the prior relativities approach, and with summary data.

Two different types of algorithms are used in the examples in each section: a multiplicative
algorithm, and an additive algorithm. In section I, the multiplicative example algorithm has the
form: v

Premium = Base Pure Premium *F, *F, * F,

and the additive example algorithm has the form:
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Premium=  Base Pure Premium * (1.0+F, +F,+F;)

It should be noted that the examples shown in section I are not complete in that they would still
need to have a GDD factor added to the algorithm (as discussed above) to meet the requirement
of the regulations. In section IL, the multiplicative example algorithm has the form:

Premium = Base Pure Premium * F, * F, * F, * GDD
and the additive example algorithm has the form:
Premium=  Base Pure Premium * (1.0+F, +F,+F;) * GDD

I. GDD Ignored in Factor Development

In this section the GDD is ignored while the rating factors are developed. As the GDD does not
play a role in factor development, it is excluded from the summary tables of this section. In
practice, after the factors are developed, the GDD is either set to provide the 20% minimum
discount or is determined by an analysis of loss costs, then algorithms similar to those shown in
section II are used to compute the premium.

Loss Residuals Approach

The loss residual approach uses two key items of information for each category of the factor
being analyzed: (a) the average pure premium based on prior factors (PPBOPF) and (b) the
unadjusted average loss. Subtracting the average PPBOPF from the average unadjusted loss
gives the loss residual.

Loss Residual = Unadjusted Average Loss - Average PPBOPF [2]

The unadjusted average loss is a summary of the losses associated with each category of the
factor. It is computed by summing the losses associated with a category and dividing by the
number of exposures and contains no adjustments for any other rating factors.

Unadjusted Average Loss = Ew_ Losses/ Zm Exposures : 3]

For a multiplicative factor the adjusted indicated relativity is 1.0 plus the loss residual divided by
the average PPBOPF (see formula [6]), where the base pure premium is the average pure
premium for all vehicles. For additive factors the adjusted indicated relativity is the loss residual
divided by the Base Pure Premium (see formula [7]). The number of factors used in the formula
for PPBOPF depends on which step of the sequential analysis is being performed. All factors
prior to the factor being developed are included. The general formula for the PPBOPF of the i®
rating factor is calculated by the following formulas: '

PPBOPF =  (multiplicative algorithm)
Base Pure Premium *F, *F, *F, * . . . *F,, [4]



(additive algorithm)
Base Pure Premium * (10+F, +F,+F+...+ F.) [51

Where,

Adjusted Indicated Relativity for the first factor
= Adjusted Indicated Relativity for the second factor
= Adjusted Indicated Relativity for the third factor

F,
F,
F,

(for the Loss Residual Method).
Adjusted Indicated Relativity = (multiplicative algorithm)
1.0 + (Loss Residual / average PPBOPF) [6]

(additive algorithm)
= (Loss Residual / Base Pure Premium) [7]

Base Pure Premium = Zan Losses / 21,1 Exposures . [8]

In the first pass through the data the unadjusted average loss is calculated for all categories of all
the rating factors. At this time there are no prior factors and the PPBOPF for the categories of
the first factor is simply the base pure premium (where the base pure premium is the average loss
for all vehicles). The loss residual (formula [2]) for each category of the first factor is its
unadjusted average loss minus the average PPBOPF. The adjusted indicated relativity for the
category is 1.0 plus the loss residual divided by the base pure premium (formula [6] for
multiplicative algorithms) or the loss residual divided by the base pure premium (formula [7]
additive algorithms).

In the second pass through the data the PPBOPF is computed for each vehicle using the base pure
premium and the indicated relativities of the first factor. The average PPBOPF is then computed
for each category of the second factor. The loss residual is computed by subtracting the average
PPBOPF from the unadjusted average loss. The adjusted indicated relativities are calculated
following the same procedure used for the first factor.

In the third pass through the data the PPBOPF is computed for each vehicle using the base pure
premium and the indicated relativities of the first two rating factors. The average PPBOPF is then
computed for each category of the third factor. The loss residual is computed by subtracting the
average PPBOPF from the unadjusted average loss. The adjusted indicated relativities are
calculated following the same procedure used for the first factor.

If there were additional rating factors in the premium algorithm this process of passing through
the data, computing a PPBOPF, calculating the average PPBOPF for the new factor’s categories,
- computing the loss residual, and finally the adjusted indicated relativities would be repeated for
each subsequent factor.



Figure 2 shows the results of these procedures applied to the sample data. It is interesting to note
how the resulting indicated relativities for the two different types of algorithms are fairly similar. .
However, in pass 3 a slight difference can be noted in the average PPBOPF. This difference is
due to the interaction effects that are included in the multiplicative algorithm and not included in
the additive algorithm. Depending on the underlying distribution of exposures and as more
factors are added to the algorithms, the potential for differences between the multiplicative and
additive approaches increase. '

Figure 2. Sequential Analysis via the Loss Residual Method
A. Muttiplicative Algorithm: Premium = Base pure premium * F, * F, * F;

Pass 1.
Safety
Record

Pass 2.

Mileage

Pass 3,
Years
Licensed

Average

Categoriess = PEBOPE

0

1

2+
average

low
medium
high

average

0-7
8-14
15+
average

155.05
155.05
155.05
155.05

153.74
155.18
155.98
155.05

159.86
160.19
152.97
155.05

Unadjusted
Average Loss

149.28
183.79
213.58
155.05

133.35
150.24
207.76
155.05

248.17
159.72
135.63
155.05

Loss
esi

-5.77
28.73
58.52

0.00

-20.40
-4.94
51.78

0.00

88.31
-0.47
-17.34
0.00

Adjusted
Indicated
Relativity

0.96
1.19
1.38
1.00

0.87
0.97
1.33
1.00

1.55
1.00
0.89
1.00
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Figure 2 (continued) :
B. Additive Algorithm: Premium = Base pure premium * (1.0 + F, +F, + F; )

Adjusted
Average Unadjusted Loss Indicated

Pass 1 '
Safety 0 155.05 149.28 -5.71 -0.04
Record 1 155.05 183.79 28.73 0.19
2+ 155.05 213.58 58.52 0.38
average 155.05 155.05 - 0.00 0.00

Pass 2. ‘
Mileage low 153.74 133.35 -20.40 0.13
medium 155.18 150.24 -4.94 -0.03
high 155.98 207.76 5178 0.33
average 155.05 155.05 0.00 0.00
Pass3.

Years 0-7 159.84 248.17 88.33 0.57
Licensed 8-14 160.21 159.72 -0.49 0.00
15+ 15297 135.63 -17.34 -0.11
average 155.05 155.05 0.00 0.00

Note: Loss residuals may be affected by rounding.

Prior Relativities Approach

In the prior relativities approach the focus is on the impact of the relativities from prior factors.
The two key items of information are: (a) the average prior relativities from prior factors
(PRFPF) and (b) the unadjusted indicated relativity. The PRFPF is computed using relativities of
prior factors. The formulas for the i® rating factor are:

PRFPF = (multiplicative algorithm) '
F,*F,*F,* .. *F, [9]
(additive algorithm) . '
F +F,+F+.. . +F,) | [10]

The unadjusted indicated relativity is based on the unadjusted average loss that is computed as
described in formula [3] in the “Loss Residual Approach” section. The formulas are:

Unadjusted Indicated Relativity =

(multiplicative algorithm)

Unadjusted Average Loss / Base Pure Premium - [11]
(additive algorithm)

(Unadjusted Average Loss / Base Pure Premium) - 1 [12]
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Fora multiplicative factor, the adjusted indicated relativity is computed by dividing the unadjusted
indicated relativity by the PRFPF. For an additive factor, the adjusted indicated relativity is
computed by subtracting the PRFPF from the unadjusted indicated relativity.

(for the Prior Relativities Method):
Adjusted Indicated Relativity =

(multiplicative algorithm)

Unadjusted Indicated Relativity / average PRFPF [13]
(additive algorithm)

(Unadjusted Indicated relativity - average PRFPF) [14]

In the first pass through the data the unadjusted average loss is calculated for all categories of all
the rating factors. The unadjusted average loss is then converted to an unadjusted indicated
relativity. During the first pass there are no prior factors and the PRFPF is 1.0 for multiplicative
factors and 0.0 for additive factors. The adjusted indicated relativity for the category is its
unadjusted relativity divided by the PRFPF (for multiplicative algorithms) or the unadjusted
relativity minus the PRFPF (for additive algorithms).

In the second pass through the data the PRFPF is computed for each vehicle using just the
adjusted indicated relativities of the first factor. The average PRFPF is then computed for each
category of the second factor. The adjusted indicated relativities are calculated following the
same procedure used for the first factor.

In the third pass through the data the PRFPF is computed for each vehicle using just the adjusted
indicated relativities of the first swo factors. The average PRFPF is then computed for each
category of the third factor. The adjusted indicated relativities are calculated following the same
procedure used for the first factor.

If there were additional rating factors in the premium algorithm this process of passing through
the data, computing the PRFPF, calculating the average PRFPF for the new factor’s categories,
and the adjusted indicated relativities would be repeated for each subsequent factor.

Figure 3 shows the results of these procedurés applied to the sample data. Note how the adjusted

indicated relativities are identical with those produced by the loss residual approach (shown in .
Figure 2).
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Figure 3. Sequential Analysis via the Prior Relativities Method

A. Multiplicative Algorithm: Premium = Base pure premium *F, * F, * F,

Pass 1.
Safety
Record

Pass 2.
Mileage

Pass 3,
Years
Licensed

B. Additive Algorithm: Premium = Base pure premium * (1.0 + F, + F, +F;)

Pass 1.
Safety
Record

Pass 2.
Mileage

Pass3.
Years
Licensed

Unadjusted
Categories ~ Average Loss

0

1

2+
average

low
medium
high
average

0-7
8-14
15+
average

- 149.28

183.79
213.58
155.05

133.35
150.24
207.76
155.05

248.117
159.72
135.63
155.05

Unadjusted

Categories  Average Loss

1
2+

average

low
medium
high

average

0-7
8§-14
15+
average

149.28
183.79
213.58
155.05

133.35
150.24

-207.76

155.05

248.17
159.72

. 135.63

155.05

Unadjusted
I ficatod relatind

0.96
1.19
1.38

1.00

0.86
0.97
134
1.00

1.60
1.03
0.87
1.00

Unadjusted
ica tivi

-0.04
0.19
0.38
0.00

-0.14
-0.03
0.34
0.00

0.60
0.03
-0.13
0.00

Average

PREPE

1.00
1.00
1.00
1.00

0.99
1.00
1.01
-1.00

1.03
1.03
0.99
1.00

Average

ERFPF

0.00
0.00
0.00
0.00

<0.01
0.00
0.01
" 0.00

0.03
0.03
-0.01

0.00

Adjusted
Indicated Relativity

0.96
- 119
138
1.00

0.87
0.97
1.33
1.00

1.55
1.00
0.89
1.00

Adjusted
Indicated Relativity

0.04
0.19
0.38
0.00

-0.13
-0.03
0.33
0.00

0.57
0.00
-0.11
0.00

Note:  Due to rounding Unadjusted Indicated Relativity - Average PRFPF may differ slightly from
Adjusted Indicated Relativity.
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Sequential Analysis Using Summary Data

‘The primary benefit of performing a sequential analysis with summary data is the reduced use of
data processing resources. Developing a spreadsheet model to calculate the influence of the prior
factors permits the analysis to be performed with only one pass through the loss data. With the
analysis based on individual records, one pass through the data is required for each factor. If 15
rating factors are used in the premium calculation algorithm, 15 passes through the data are
required. Ifthe data file is substantial, the time and resources saved by using summary data can
also be substantial. A spreadsheet model also facilitates performing a number of different “what
if” analyses.

In order to build the spreadsheet model, two types of information are needed: (a) the unadjusted
average loss, and (b) the appropriate distribution of exposures. The appropriate distribution of
exposures is determined by the type of premium calculation algorithm and is discussed in the
section “Data Needed for a Sequential Analysis.” The extensive distributional data needed for a
multiplicative algorithm is the primary reason that a sequential analysis using summary data is only
practical for exclusively additive algorithms or algorithms with at most one or two multiplicative
factors. However, for illustrative purposes, we have included a model and an example using a
multiplicative algorithm for the three simplified rating factors in the earlier examples. For this
simplified example it is necessary to compute the cross distribution of only the three factors. This
involves a total of 27 (3 * 3 * 3) cells. If 15 factors were used and each factor had only three
categories, then a total of 3% (or 14,384,907) cells would be required. The work involved (as
well as the increased possibility for errors) in building a model with so many inputs would most
likely greatly exceed the effort needed to make multiple passes through the data.

The spreadsheet models shown in the attachments use the prior relativities approach. The first
model shown in Attachment A uses a multiplicative algorithm and the second model shown in
Attachment B uses a exclusively additive algorithm. The results of the analyses are summarized in
the same format as the previous examples based on individual records, then the detailed
calculations needed to compute the average PRFPF are shown. One view of these models shows
the actual results, the other view shows the formulas used to generate the results. As there is only
one pass through the data, the labels “Pass 1, Pass 2, Pass 3” have been replaced with the labels
“Step 1, Step 2, Step 3.”

The models shown in Attachments A and B produces identical results to the analyses based on
individual records (shown in Figures 2 and 3).

II. GDD Accounted for in Factor Development

In this section the GDD is taken into consideration while the rating factors are developed. Setting
the relativities for the GDD is considered the initial step in these procedures. In these examples,
the election is made to implement the GDD at the minimum requirement of 20%. The summary
tables show the step where the GDD relativities are determined. The basic format of section II
follows that of section I. For the sake of completeness, some portions of section I are repeated.
Overall, most of the differences occur in the additive model. The basic process for the
multiplicative model is highly similar to those described in section L
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Loss Residuals Approach

The basic approach used with loss residuals is the same as described in section I. The key
difference is in the calculation of the PPBOPF. In this section the effect of the GDD is considered
in the formulas. This approach uses two key items of information for each category of the factor
being analyzed: (a) the average pure premium based on prior factors (PPBOPF) and (b) the
unadjusted average loss. Subtracting the average PPBOPF from the average unadjusted loss
gives the loss residual. '

Loss Residual = Unadjusted Average Loss - Average PPBOPF [15]

The unadjusted average loss is a summary of the losses associated with each category of the
factor. It is computed by summing the losses associated with a category and dividing by the
number of exposures and contains no adjustments for any other rating factors.

Unadjusted Average Loss = Ew_ Losses/ Zm Exposures ‘ [16]

For a multiplicative factor the adjusted indicated relativity is 1.0 plus the loss residual divided by
the average PPBOPF (see formula [19]), where the base pure premium is the average pure
premium for all vehicles. For additive factors the adjusted indicated relativity is the loss residual

~ divided by the Base Pure Premium (see formula [20]). The number of factors used in the formula
for PPBOPF depends on which step of the sequential analysis is being performed. All factors
prior to the factor being developed are included. The general formula for the PPBOPF of the i*
rating factor is calculated by the following formulas:

PPBOPF =  (multiplicative algorithm)

Base Pure Premium *F, *F,*F, * . . . *F,,*GDD - [17]

(additive algorithm)

Base Pure Premium * GDD + (Base Pure Premium * (F, gpp +
Frxeop + Faxeop - - - + Fiaxopn)) [18]

Where,

F, = Adjusted Indicated Relativity for the first factor
= Adjusted Indicated Relativity for the second factor

F, = Adjusted Indicated Relativity for the third factor

F,xopp = Adjusted Indicated Relativity of the hybrid factor combmmg the first factor
and the GDD

F,.oop = Adjusted Indicated Relativity of the hybrid factor combining the second factor
and the GDD

F;,eop = Adjusted Indicated Relativity of the hybrid factor combining the third factor
and the GDD

(for the Loss Residual Method).



Adjusted Indicated Relativity = (multiplicative algorithm)

1.0 + (Loss Residual / average PPBOPF) - [19]

(additive algorithm) |

= (Loss Residual / Base Pure Premium) [20]
Base Pure Premium = 2, Lbsses / 24 Exposures : [21]

The formula for the PPBOPF for the additive algorithm (equation [18]) uses a different structure
than equation [17]. Also, equation [18] makes use of “hybrid” factors. A key difference between
a multiplicative and an additive algorithm is the inclusion of factor interactions in the former and
their exclusion from the latter’. However, the additive model used in this paper is not exclusively
additive since it contains a multiplicative GDD factor. The inclusion of the multiplicative GDD
factor introduces factor interactions (with the GDD) that must be controlled to minimize bias.
The source of the potential bias, which if large enough may lead to excessive or inadequate
premiums, is the varying distribution of GDD among the categories of the other factors. If the
GDD was identically distributed among all categories of all factors (a virtual impossibility), no
adjustment would be necessary. As this is not the case, the interaction is controlled for by the
development of hybrid factors that combine GDD and the factor and the use of equation [18] to
compute the PPBOPF for the additive algorithm. The general form of the hybrid factor is to have
twice the number of categories of the original factor. One set of categories are restricted to those
not qualified for the GDD, and the other set of categories are restricted to those who are qualified
for the GDD. For example, the hybrid version of the first factor becomes:
F,,opp = Safety Record x GDD =  no GDD /0 points

no GDD / 1 point

no GDD / 2 or more points

yes GDD / 0 points

yes GDD / 1 point

yes GDD / 2 or more points

The relativities for the categories of the hybrid factor are set to maintain the GDD requirement.
First the adjusted indicated relativities for the original (non-hybrid) factor are computed, then the

relativities of the hybrid factor are calculated based on a modification of equation [1]. Assuming
that the GDD was being implemented at the minimum requirement- of 20%, the formula for
computing the relativities of the categories for the hybrid fictor would be®:

=R/ (1:(02* %) - [22]

5The differences between multiplicative and additive algorithms is discussed further in Hunstad, et.al.
Impact Analysis of Weighting Auto Rating Factors to Comply with Proposition 103, 1994, p12-15. The
appropriateness of including factor interactions depends upon one’s belief of the theoretical relationship between
the factors and how well the different algorithm fit the loss distributions.

%See footnote 3 for using a GDD other than 20%.
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where, ,
y; = the relativity for vehicles not qualified for a GDD for the i® category
of the original (non-hybrid) factor
0.8 * y, = the relativity for vehicles who are qualified for a GDD for the i* category
. of the original (non-hybnd) factor
x; = the percent of vehicles in the i category that qualify for the GDD
expressed as a decimal

In the first pass through the data the unadjusted average loss is calculated for all categories of all
the rating factors. Also, the percent of vehicles qualifying for the GDD are calculated. This
permits determining the relativities for the GDD. In the second pass there are no prior factors

-(except for the GDD) and the PPBOPF for the categories of the first factor is simply the base
pure premium times the GDD factor (where the base pure premium is the average loss for all
vehicles). The loss residual (formula [15]) for each category of the first factor is its unadjusted
average loss minus the average PPBOPF. The adjusted indicated relativity for the category is 1.0
plus the loss residual divided by the base pure premium (formula [19] for multiplicative
algorithms) or the loss residual divided by the base pure premium (formula [20] for additive
algorithms).

In the third pass through the data the PPBOPF is computed for each vehicle using the base pure
premium, the GDD, and the indicated relativities of the first factor (or the hybrid version of the
first factor if the additive algorithm is used). The average PPBOPF is then computed for each
category of the second factor. The loss residual is computed by subtracting the average PPBOPF
from the unadjusted average loss. The adjusted indicated relativities are calculated following the
same procedure used for the first factor.

In the fourth pass through the data the PPBOPF is computed for each vehicle using the base pure
premium, the GDD, and the indicated relativities of the first fwo rating factors (or the hybrid
version of the first two factors if the additive algorithm is used). The average PPBOPF is then
computed for each category of the third factor. The loss residual is computed by subtracting the
average PPBOPF from the unadjusted average loss. The adjusted indicated relativities are
calculated following the same procedure used for the first factor.

If there were additional rating factors in the premium algorithm this process of passing through
the data, computing a PPBOPF, calculating the average PPBOPF for the new factor’s categories,
computing the loss residual, and finally the adjusted indicated relativities would be repeated for
each subsequent factor.

Figure 4 shows the results of these procedures applied to the sample data. It is interesting to note
how the resulting indicated relativities for the two different types of algorithms are fairly similar.
However, in pass 4 a slight difference can be noted in the average PPBOPF. This difference is
due to the interaction effects included in the multiplicative algorithm and not included in the
additive algorithm. Depending on the underlying distribution of exposures and as more factors
are added to the algorithms, the potential for differences between the multiplicative and additive

pl7



approaches increase.

In the second pass through the data the interaction between the GDD and the Safety Record can
be seen. Moving from 1 point to 2+ points is a key threshold for qualifying for the GDD. This
can be clearly seen in the average PPBOPF for these categories. Had an algorithm been used that
did not have a separate GDD factor, the average PPBOPF for all categories of the first factor
would have all been the same (the base pure premium). Also, the relativity for the 2+ points
category is quite different depending on the algorithm. This is due to the effect of the GDD being
taken into consideration in the multiplicative algorithm. The difference in the relativities of the 2+
points categories is reduced when the hybrid factor of safety record and GDD is created for use in
the additive algorithm. (These hybrid relativities are shown in Attachment D.)

Figure 4. Sequential‘Analysis via the Loss Residual Method
A. Multiplicative Algorithm: Premium = Base pure premium * F, * F, * F; * GDD

Adjusted
Average Unadjusted Loss Indicated
Categories PPBOPF Average Loss Residual Relativity
Pass 1.
GDD no 155.05 289.00 133.94 1.23
yes 155.05 145.52 -9.54 0.98
average 155.05 155.05 - 0.00 1.00
Pass 2,
Safety o . 154.36 149.28 -5.08 0.97
Record 1 154.77 183.79 2902 1.19
2+ - 18327 213.58 30.31 117 .
average 155.05 155.05 0.00 1.00
Pass 3.
Mileage low 152.93 133.35 -19.59 0.87
medium 155.36 150.24 5.12 0.97
high 156.03 207.76 51.73 1.33
average 155.05 155.05 0.00 1.00
Pass 4, ' _
Years - 0-7 171.37 248.17 76.80 145
Licensed 8-14 158.17 159.72 1.55 1.01
15+ 151.15 .135.63 -15.51 0.90
average 155.05 155.05 0.00 1.00
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Figure 4 (continued)
B. Addltwe Algorithm: Premium = Base pure premium * (1.0 + F, + F,+F;)*GDD

Adjusted
Average Unadjusted Loss Indicated
Categories PPBOPE Average Loss Resi Relativity
Pass 1. - . :
" GDD no . 155.05 289.00 133.94 1.23
yes 155.05 14552 9.54 0.98
average 155.05 155.05 0.00 1.00
Pass 2.
Safety 0 154.36 149.28 -5.08 -0.03
Record 1 154.77 183.79 29.02 0.19
2+ 183.27 213.58 30.31 0.20
average 155.05 155.05 T 0.00 0.00
Pass 3.
Mileage low 152.93 133.35 -19.59 0.13
medium 155.36 150.24 -5.12 -0.03
high 156.03 207.76 51.73 0.33
average 155.05 155.05 0.00 0.00
Pass 4.
Years 0-7 171.36 248.17 76.80 0.50
Licensed 8-14 158.18 15972 - 154 0.01
15+ 151.14 135.63 - -15.51 -0.10
average 155.05 155.05 0.00 0.00

Note:  Adjusted indicated relativities for GDD are set so as to provide the required 20%
difference. Loss residuals may be effected by rounding. For the additive algorithm, the
hybrid factors and their relativities are shown in Attachment D.

Prior Relativities Approach

In the prior relativities approach the focus is on the impact of the relativities from prior factors.
The two key items of information are: (a) the average prior relativities from prior factors
(PRFPF ) and (b) the unadjusted mdncated relativity. The PRFPF is computed usmg relativities of
prior factors. The formulas for the i® rating factor are:

PRFPF=  (multiplicative algorithm)
F,*F,*F,*. . *F,_,*GDD [23]
(additive algorithm)
(Fixaop * Faxaop * Faxapp * - - - + Fiyxopp) T (GDD - 1) [24]

The discussion of the hybﬁd factors in the previous section on the loss residual approach is also
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applicable to the prior relativities appi‘oach A similar approach of creating hybrid factors is
required in the additive algorithm to control for factor interactions with the GDD. A detailed
example illustrating these calculauons is shown in Attachment D.

The unadjusted indicated relativity is based on the unadjusted average loss that is computed as
described in formula [16] in the “Loss Residual Approach” section. The formulas are:

Unadjusted Indicated Relativity =

‘(multiplicative algorithm) .

Unadjusted Average Loss / Base Pure Premium [25]
(additive algorithm) -

(Unadjusted Average Loss / Base Pure Premium) - 1 [26]

For a multiplicative factor, the adjusted indicated relativity is computed by dividing the unadjusted
indicated relativity by the PRFPF. For an additive factor, the adjusted indicated relativity is
computed by subtracting the PRFPF from the unadjusted indicated relativity.

(for the Prior Relativities Method):
Adjusted Indicated Relativity =

(multiplicative algorithm)

Unadjusted Indicated Relativity / average PRFPF [27]
(additive algorithm)

(Unadjusted Indicated relativity - average PRFPF) [28]

In the first pass through the data the unadjusted average loss is calculated for all categories of all
the rating factors. The unadjusted average loss is then converted to an unadjusted indicated
relativity. Also, the percent of vehicles qualifying for the GDD are calculated. This permits
‘determining the relativities for the GDD. In the second pass there are no prior factors (except the
GDD) and the PRFPF is only influenced by the GDD requirement. The adjusted indicated
relativity for the category is its unadjusted relativity divided by the PRFPF (for multiplicative
algorithms) or the unadjusted relativity minus the PRFPF (for additive algorithms).

In the third pass through the data the PRFPF is computed for each vehicle using just the adjusted
indicated relativities of the GDD and the first factor (or the hybnd version of the first factor if the
additive algorithm is used). The average PRFPF is then computed for each category of the” .
second factor. The adjusted indicated relativities are calculated following the same procedure
used for the first factor.

In the fourth pass through the data the PRFPF is computed for each vehicle using just the
adjusted indicated relativities of the GDD and the first two factors (or the hybrid version of the
first two factor if the additive algorithm is used). The average PRFPF is then computed for each
category of the third factor. The adjusted indicated relativities are calculated following the same
procedure used for the first factor.
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BB BC BD BE BF BG BH Bl
1
2
3 |Determi
4
5 Exposure j. Indicated Part of
6 # % of category % of total Relativity Average]
7 | GDD x Mile.! Yrs. Lic. :
8 no / low low|694 =BD8/BD$11 |=BD8/BD$41 |=3E$47 |=(BF8/BF$38)*BG8
9 med.[30 =BDY/BD$11 |=BD9/BD$41 |=$E$47 _|=(BF9/BF$39)*BGI
10 high|229 =BD10/8D$11 |=BD10/BD$41|=3E$47  [=(BF10/BF$40)'BG10
11 average|952 =BD11/BD$11 |=BD11/BD$41|=3E$47 _ |=(BF11/BF$41)*"BG11
12
13| no/med. low{6155 =BD13/BD$16 [=BD13/BD$41|=3E48  |=(BF13/BF$38)*BG13
14 med.|388 =BD14/BD$16 |=BD14/BD$41|=3E$48  |=(BF14/BF$39)"BG14
15 high{1028 =BD15/8D$16 [=BD15/BD3$41|=3ES48  |=(BF 15/BF$40)*BG15
16 average|7571 =BD16/8D$16 |=BD16/BD$41|=3E348 |=(BF16/BF$41)*BG16
17
18| no/high low[1099 =BD18/BD$21 |=BD18/BD$41|=3E$49  |=(BF18/BF$38)*"BG18
19 med. |91 =BD19/BD$21|{=BD19/BD$41(=3ES49  |=(BF19/BF$39)*BG19
20 high|190 =BD20/BD$21 {=BD20/BD$41(=3E$49  |=(BF20/BF$40)*BG20
21 average|1381 =BD21/BD$21 (=BD21/BD$41|=3E349  |=(BF21/BF$41)"BG21
22
23| yes/low low(820 =8D23/BD3$26 {=BD23/BD$41|=3F$47 _ |=(BF23/BF$38)"BG23
24 med. {1800 =BD24/BD$26 |=BD24/BD$41|=3F$47  |=(BF24/BF$39)"BG24
25 high|20566 =BD25/BD$26 |=BD25/BD$41|=3F3$47  |=(BF25/BF$40)*BG25
26 average|23185 =BD26/BD$26 |=BD26/BD$41|=3F3$47  |=(BF26/BF$41)*"BG26
27
28 | yes / med. low[9985 =BD28/8D$31 |=BD28/BD$41|=3F$48 . |=(BF28/BF$38)*BG28
29 med.|16834 =BD29/8D$31{=BD29/BD$41|=3F3$48  [=(BF29/BF$39)*BG29
30 high{70941 =BD30/BD$31 [=BD30/BDS41{=3F3$48  |=(BF30/BF$40)*BG30
31 average|97759 =BD31/BD$31 [=BD31/BD341|=3F$48  |=(BF31/BF3$41)"BG31
32 : ’
33| ves/high low|2005 =BD33/BD$36 [=BD3I3/BD41|=3F349 [=(BF33/BF$38)"BG33
34 med.[4037 =BD34/8D%$36 {=BD34/B0D$41|=3F3$49  |=(BF34/BF$39)"BG34
35 high{12136 =BD35/B0%$36 |=BD35/BD$41{=3F349  |=(BF35/BF$40)*BG3S
36 average|{18178 =BD36/BD$36 |=BD36/BD$41|=3F3$49  |=(BF36/BF$41)*BG36
38| average low{=BD8+BD |=BD38/BD$41 |=BD38/BD$41 =BH8+BH13+BH18+BH23+BH28+BH33
39 med.|=BD9+BD |[=8D39/BD$41 |=BD39/BD$41 =BH9+BH14+BH19+BH24+BH29+BH34
40 high|=BD10+B {=BD40/BD$41 {=BD40/BD$41 =BH10+BH15+BH20+BH25+BH30+BH35 B
41 average{=BD11+B |=BD41/8D$41 {=BD41/80D341 =BH11+BH16+BH21+BH26+BH31+BH36| .-~
42 . [
S aFar - LN CMAICR =~ M.7 fformulas)




AS AT AU AV AW AX AY AZ
P . ;
2
3 |Determi
4
5 Exposure j. Indicated Part of
6 # % of categary % of total Relativity Average
7 {GDD x Safe.| Yrs. Lic.
8 no/0 low|6136 =AUS/AUS11 |=AUB/AUS41 |=3E342 [=(AWSB/AWS38)*AX8
9 med. |0 =AU9/AUS11 |=AU9/AUS41. |=3E342 I=(AWS/AWS39)*AXS
10 high|0 =AU10/AUS11{=AU10/AUS41 |=3ES$42  |=(AW10/AWS40)*AX10
11 average|6136 =AU11/AUS11[{=AU11/AUS41 [=SES42  |=(AW11/AWS41)*AX11
12
13 no/1 low|1107 =AU13/AU$16|=AU13/AUS41 [=FE$43  |=(AW13/AWS38)*AX13
14 med. |0 =AU14/AU$16|=AU14/AUS41|=3E343 |=(AW14/AWS38)*AX14
15 high{0 =AU15/AUS16|=AU15/AUS41|=3E$43  |=(AW15/AWS40)*AX15
16 average|{1107 =AU16/AUS16|=AU16/AUS41|=$EP43 - |=(AW16/AWS41)*AX16
17
18 no/2+ low|706 =AU18/AU$21|=AU18/AUS41[=3ES44 = |=(AW18/AWS38)*AX18
19 med.{509 =AU19/AU$21|=AU19/AUS41|=3E344 |=(AW19/AW339)*AX19
20 high{1447 =AU20/AUS$21 |=AU20/AUS41|=3E344  |=(AW20/AWS40)*AX20
21 average|2662 =AU21/AU$21|=AU21/AUS41|=3E344 |=(AW21/AWS41)*"AX21
22 )
23 yes/0 low[10449 =AU23/AUS26|=AU23/AUS41|=3F342 [=(AW23/AWS$38)*AX23
24 med.|19049 =AU24/AUS26 |=AU24/AUS41|=3F342 |=(AW24/AWS38)"AX24
25 high{91303 =AU25/AUS26(=AU25/AUS41(=3F342 |=(AW25/AW$40)"AX25
26 average{120801 =AU26/AUS26|=AU26/AUS41|=3F342 |=(AW26/AWS41)"AX26
27 .
28 yes/ 1 low|2224 =AU28/AUS31 [=AU28/AUS41|=3F$43  |=(AW28/AWS38)"AX28
29 med.|3480 =AU29/AU$31|=AU29/AUS41|=3F343  [=(AW29/AWS39)*"AX29
30 high{11978 =AU30/AU$31[=AU30/AUS41|=3F343  [=(AW30/AW340)"AX30
31 average|17681 =AU31/AU$31|=AU31/AUS41|=3F343  |=(AW31/AW341)*AX31
32
33| yes/2+ low|136 =AU33/AU336|=AU33/AUS41|=3F344 |=(AW33/AWS$38)*AX33
34 med.|142 =AU34/AUS36|=AU34/AUS41|=3F344 |=(AW34/AW$39)*AX34
35 high|362 =AU35/AUS36|=AU35/AUS41|=3F344 |=(AW35/AWS$40)*AX35
36 average|639 =AU36/AUS36|=AU36/AUS41 [=3F$44  |=(AW3B/AWS41)*AX36
371 1l e e ]
38| average low|=AU8+AU |=AU38/AU341|=AU38/AUS41 =AY8+AY13+AY18+AY23+AY28+AY33
39 med.|=AUS+AU {=AU39/AUS41|=AU39/AUS41 SAYS+AY14+AY19+AY24+AY29+AY34
40 high{=AU10+A [=AU40/AU$41|=AU40/AU$41 =AY 10+AY15+AY20+AY25+AY30+AY35
41 average|=AU11+A [=AU41/AU341|=AU41/AUS41 -AY‘I1+AY16+AY21+AY26+AY31+AY36
D D L S
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If there were additional rating factors in the premium algorithm this process of passing through
the data, computing the PRFPF, calculating the average PRFPF for the new factor’s categories,
and the adjusted indicated relativities would be repeated for each subsequent factor.

Figure 5 shows the results of these procedures applied to the sample data. Note how the adjusted
indicated relativities are identical with those produced by the loss residual approach (shown in

Figure 4). .

Figure 5. Sequential Analysis via the Prior Relativities Method

A. Multiplicative Algorithm: Premium = Base pure premium * F, * F, * F; * GDD

Unadjusted Unadjusted Average
Categories ~ Average Loss Indicated Relativity PRFPE

Pass 1,
GDD no 289.00 1.86 1,00
yes 145.52 0.94 1.00
average 155.05 1.00 1.00

Pass 2,
Safety 0 149.28 0.96 1.00
Record 1 183.79 1.19 1.00
2+ 213.58 1.38 1.18
average 155.05 1.00 1.00
Pass 3. ‘
Mileage low 13335 0.86 0.99
medium 150.24 0.97 1.00
high 207.76 1.34 1.01
average 155.05 1.00 1.00

Pass 4,
Years 0-7 248.17 1.60 1.11
Licensed 8-14 159.72 1.03 1.02
15+ 135.63 0.87 0.97

average 155.05 - 1.00 1.00

Adjusted
Indicated Relativity

1.23
0.98
1.00

10.97
1.19
1.17
1.00

0.87
0.97
1.33
1.00

1.45
1.01
0.90
1.00
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Figure 5 (continued) .
B. Additive Algorithm: Premium = Base pure premium * (1.0 +F, + F, + F; ) * GDD

Unadjusted Unadjusted Average Adjusted
Categories =~ Average Loss Indicated Relativity PREPF Indicated Relativity

Pass 1,
GDD no © 289.00 1.86 1.00 1.23
yes . 14552 0.94 1.00 ’ 0.98
: average 155.05 1.00 1.00 1.00

Pass2, '
Safety 0 14928 - -0.04 -0.00 -0.03
Record 1 _ 183,79 0.19 -0.00 0.19
24+ 213.58 0.38 0.18 0.20

average 155.05 0.00 0.00 - 0.00
Mileage low 133.35 -0.14 -0.01 -0.13
medium 150.24 -0.03 0.00 -0.03
high 207.76 0.34 0.01 0.33
average 155.05 0.00 0.00 0.00

Pass 4.
Years 0-7 - 248.17 0.60 0.11 0.50
Licensed 8§-14 159.72 0.03 0.02 0.01
15+ 135.63 <0.13 -0.03 -0.10
average 155.05 0.00 0.00 0.00

Note:  Due to rounding Unadjusted Indicated Relativity - Average PRFPF may differ slightly from
Adjusted Indicated Relativity. Adjusted indicated relativities for GDD are set so as to
provide the required 20% difference. For the additive algorithm, the hybrid factors and
their relativities are shown in Attachment D.

Sequential Analysis Using Summary Data

The discussion of sequential analysis using summary data in section I is equally applicable to the
use of summary data when the effect of the GDD is being considered in the development of the
rating factors. The multiplicative and additive models using summary data and incorporating the
effect of GDD are shown in Attachments C and D..

carf_reg\doc\seq _anal.gd4: 9-24-96
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Attachment A
- Sequential Analysis Using Summary Data

and Multiplicative Algorithm



A |

c ]

D

| E

A. Sequential Analysis Using Summary Data and Prior Relativities Approach

Multiplicative Model: Premium = Base Rate * F1 *F2* F3

Unadjusted

Unadjusted

Average

Adjusted

Categories

Average Loss

Indicated Relativity

PRFPE

Indicated Relativity

" Step 1.

ORI~ [N -

Safety

149.28

0.9628

1.0000

0.9628

Record

0
1

183.79

1.1833

1.0000

1.1853

2+

213.58

1.3774

1.0000

1.3774

average

155.05

1.0000

1.0000

1.0000

low

133.35

0.8600

7 0.9916

0.8673

medium

150.24

0.8690

[ 1.0008

0.9682

high

207.76

1.3399

\ 1.0060

1.3320

average

155.05

1.0000

\_1.0000

N

1.0000

Step 3.

Years

0-7

248.17

1.6005

1.0310

1.5524

Licensed

8-14

159.72

1.0301

1.0331

0.9970

15+

135.63

0.8748

0.9866

0.8867

155.05

1.0000

1.0000

1.0000

average

NOTE: Adjusted Indicated Relativities for GDD set so as to pravide th

e required 20% difference.
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Determining prior relativities for Mileage

Exposure . ‘ Prior Part of
# % of category % of total| Relativities Average

Safety Factor: Mileage:

i 0 low 21330 16.804% 14.313% 0.9628 0.8508
medium "~ . 89420 70.444% 60.003% 0.9628 0.8173
10 high 16187 12.752% 10.862% 0.9628 0.7968
11 average 126937 100.000% 85.178% 0.9628 0.8201

i[O |niits [N =

13 1 low 2443 13.004% 1.639% 1.1853 0.1200
14 medium 13468 71.688% 9.037% 1.1853 0.1516
15 high 2877 15.314% 1.931% 1.1853 0.1744
16 average 18787 100.000% 12.607% 1.1853 0.1494

18 2+ low 365 11.057% 0.245% - 1.3774 0.0208
19 medium 2442 73.978% 1.639% 1.3774 0.0319
20 high 494 14.965% 0.331% 1.3774 0.0348
21 average 3301 100.000%| - 2.215% 1.3774 0.0305

24 average low 24138 16.197%| __ 16.197%]| _ 7 0.9916
25 medium 105330 70.679%| _ 70.679% [ 1.0008] |
26 high 19558 13.124%| _ 13.124% \_ 1.0060] J
27 average 149025] _ 100.000%| _ 100.000% N 1.0000

seq_an_2.xIs:prior_rel-M2:9/5/96 ' p. A2
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1

2

3 |Determining prior relativities for Years Licensed

4 K

5 Exposure Prior Part of
6 # % of category % of total| Relativities Average
7 | safety Factor:| Mileage:| Yrs. Lic.: :

8 0 - low 0-7 1258 5.898% 0.844% 0.8350 0.0506
g 8-14 1562 7.323% 1.048% 0.8350 0.0563
10 15 + 18509 86.774% 12.420% 0.8350 0.1471
11 average 21330{ 100.000% 14.313% 0.8350 0.1195
12 '
13 medium Q-7 12882 14.406% 8.644% 0.9321 0.5785
14 8§-14 14116 15.786% 9.472% 0.9321 0.5677
15 15 + 62422| 69.808% 41.887% 0.9321 0.5537
16 average 89420 100.000% 60.003% 0.9321 0.5593
17

18 high 0-7 2444 15.099% 1.640% 1.2823 0.1510
19 8-14 3371 20.825% 2.262% 1.2823 0.1865
20 15+ 10372| 64.076% 6.960% 1.2823 0.1266
21 average 16187| 100.000% 10.862%|  1.2823 0.1393
22

23 1 low 0-7 201 8.228% 0.135% 1.0280 0.0100
24 8-14 233 9.537% 0.156% 1.0280 0.0103
25 15+ 2009) 82.235% 1.348% 1.0280 0.0197
26 average 2443] 100.000% 1.639% 1.0280 0.0169
27

28 medium 0-7 2604 19.335% 1.747% 1.1476 0.1440
29 8-14 2603 19.327% 1.747% 1.1476 0.1289
30 15 + 8262| 61.345% 5.544% 1.1476 0.0902
31 average 13468| 100.000% 9.037% 1.1476 0.1037
32 .
33 high 0-7 526 18.283% 0.353% 1.5788 0.0400
34 8-14} 644 22.384% 0.432% 1.5788 0.0439
35 15+ 1708| 59.367% 1.146% 1.5788 0.0257
‘36 average 2877| 100.000% 1.931% 1.5788 0.0305
37 )

38 2+ low 0-7 54| 14.795% 0.036% 1.1947 0.0031
39 8-14 34 9.315% 0.023% 1.1947 0.0018
40 15 + 277|  75.890% 0.186% 1.1947 0.0031
41 average 365{ 100.000% 0.245% 1.1947 0.0029
42 : .

43 medium 0-7 654 26.781% 0.439% 1.3336 0.0420
44 8-14 503| 20.598% 0.338% 1.3336 0.0289
45 15+ 1285] 52.621% 0.862% 1.3336 0.0163
46 average 2442] 100.000% 1.639% 1.3336 0.0219
47 ] :

48 high 0-7 134 27.126% 0.090% 1.8347 0.0118
49 8-14 113| 22.874% 0.076% 1.8347 0.0089
50 15 + 247| 50.000% 0.166% 1.8347 0.0043
51 average 494| 100.000% 0.331% 1.8347 0.0061
52 .

53 average| ~average 0-7 20757 13.928% 13.928% 1.0310
54 8-14 23179] 15.554% 15.554% 1.0331
55 15+ 105091} 70.519% 70.519% 0.9866
56 average| . 149026| 100.000% 100.000% 1.0000
57

seq_an_2.xis:prior_rel-M2:9/5/96
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A

A. Sequential An

Multiplicative Model:

Unadjusted

Unadjusted

Average

Adjusted

Categqories

Average Loss

Indicated Relativity

PRFPF

Indicated Relativity

Step 1.

Oi|~N[OI |l {N]| -

Safety

149.280347

=C9/8C$12

=D9/E9

Record

-

183.785927

=C10/$C$12

=D10/E10

2+

213.576692

=C11/$C$12

=D1/E

average

155.054756

=C12/$C%12

b | - | b |

=D12/E12

Step 2.

Mileage

low

133.345152

=C15/$C$18

=024

=D15/E15

medium

150.2434

=C16/$C$18

=025

=D16(E16

high

207.758208

=C17/$C$18

=026

[=D17JE17

average

155.054756

=C18/$C$18

=027

=D18/E18

Step 3.

Years

0-7

248.167142

=C21/$C$24

=Y53

=021/E21

Licensed

8-14

159.71851

=C22/$C$24

=Y54

=022/E22

15+

135.634746

=C23/$C$24

|=Y55

|=023/E23

average

155.054756

=C24/$C$24

=Y56

=024/E24

NOTE: Adjusted Ind

seq_an_2.xls:prior_rel-M2:9/24/96

p. A-1 (formulas)



Deter

Exposure

Prior

Pait of

#

% of category

% of total

Relativities

Average

jty Factor:

Mileage:

0

low

21330

=K8/K11

=K8/K$27

=$F$9

=(M8/M$24)*N8

iR NIO|n|aiw [N

medium

89420

=K9/K11

=KO/K$27

=$F$9

=(M9/M$25)"N9

high

16187

=K10/K11

=K10/K$27

=$F$9

=(M10/M$26)*N10

average

126937

=K1K

=K11/K$27

=$F$9

=(M11/M$27)*N11

low

2443

=K13/K16

=K13/K$27

=$F$10

=(M13/M$24)"N13

medium

13468

=K14/K16

=K14/K$27

=$F$10

=(M14/M$25)"N14

high

2877

=K15/K16

=K15/K$27

=$F$10

=(M15/M$26)*N15

average

18787

=K16/K16

=K16/K$27

=§F310

=(M16/M$27)*N16

2+

low

365

=K18/K21

=K18/K$27

=$F$11

=(M18/M$24)*"N18

medium

2442

=K19/K21

=K19/K$27

=$F$11

=(M19/M$25)*N19

high

484

=K20/K21

=K20/K$27

=$F3$11

=(M20/M$26)*"N20

average

3301

=K21/K21

=K21/K$27

=$F$11

=(M21/M8$27)*N21

average

low

=SUM(K8,K13,K18)

=K24/K27

=SUM(M8,M13 M18)

=SUM©8,013,018)

medium

=SUM(KZ,K14,K19)

=K25/K27

=SUM(MS,M14,M18)

=SUM(09,014,019)-

high

=SUM(K10,K15,K20)

=K26/K27

=SUM(M10,M15,M20)

=SUM(010,015,020)

)1

average

=SUM(K11,K16,K21)

=K27/K27

=SUM(M11,M16,M21)

=SUM@11,016,021)

seq_an_2.xs:prior_rel-M2:9/5/96
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R S T U Vv W X

1

2

3 |Deter

4 .
5 Exposure Prior| Part of
6 # % of category % of total Relativities Average
7 |ty Factor:| Mileage:] rs. Lic.:

8 |0 low 0-7{1258 =Us/u11 =U8/$Us$56 =$F$I"$F$1S |=(W8/$W$53)'X8

9 8- 14/1562 =U9/U11 =U9/$U$56 =$F$S*$FP1S  |=(W9O/HW$54)*X9

10 15 +{18509 =U10/U11  |=U10/8U$S6  1=3F$9"$F$1S  |=(W10/$W$S5)*X10

11 average] 21330 =U11/Ut1  |=U11/3U$56 |=$F$9*$FS15 [=(W11/3W$56)*X11

12

13 medium 0-7/12882 =U13/U16  [=U13/3U$S6  |=$F$9"$F$16 |=(W13/$W$53)"X13

14 8-14{14116 =U14/U16  [sU14/3USEE  |=SF39"$F$16  {=(W14/8W$54)"X14

15 15 +/62422 =U15/U16  [=U15/8U$56  |=3F$9°$F$16 |=(W15/$W$55)*X15

16 | average| 89420 =U18/U16  |=U16/3U$56 |=$F$9°$F$16 |=(W16/3W$56)"X16

17 i

18 high 0-7(2444 =U18/U21 [=U18/8U$56 I=3F$9"$F317 |=(W18/$W$S3)"X18

19 8-14{3371 =U19/U21 [=U19/3USSE  |=3F3$S°$F$17 |=(W19/$W354)*X19

20 15 +[10372 =U20/U21  |=U20/8US$S6  |=$F$9*$F$17 |=(W20/3W$S5)*X20

21 average| 16187 =U21/U21 |=U21/8US$56 |=$F39°SFS17 [=(W21/3W356)"X21

22

23 1 low 0-7j201 =U23/U26 |=U23/3U$56 |=$F3$10°$F$15 j=(W23/3W$53)"X23

24 8-14{233 =U24/U26 |=U24/3US$S6  |=$F$10°SF$15 |=(W24/$WS54)*X24

25 15 +{2009 =U25/U26 |=U25/8U$56 [=$F$10°SF$15 |=(W25S/$W$55)°X25

26 average| 2443 =U26/U26 |=U26/3US$S6. |=$F$10°SF$1S |=(W26/$WSE6)*X26

27 -

28 medium 0-7|2604 =U28/U31  [=U28/8USSE  |=$F$10°3F316 [=(W28/SW$53)"X28

29 8 - 14/2603 =U29/U31 |=U29/8U$56 [=$F$10°$F$16 |=(W29/$W$54)"X28

30 15 +{8262 =U30/U31 |=U30/$Us56 |=8F$10*3F$16 |=(W30/$W$S5)*X30

31 average| 13468 =U31/U31  [=U31/3U$S6  [=$FS$10°$F$16 |=(W31/$W$56)"X31

32

33 high 0-7{526 =U33/U36 [=U33/$UsS6  |=§F$10°$F$17 |=(W33/$WSS53)"X33

34 8-14{644 =U34/U36 |=U34/8U$56 |=$F$10*SF$17 |=(W34/$W$S4)"X34

35 15 +{1708 =U35/U36 {=U35/8U$56 [=$F$10°3F$17 (=(W35/$W$S55)°X35

36 average| 2877 =U36/U36 |=U36/3USS6 |=$F$10°$F$17 {=(W36/$W$56)'X36

37

38 2+ low 0-7{54 =U38/U41  |=U38/8USS6 ' |=$F311°$F$1S |=(W38/$W$S3)°X38

39 8-14[34 =U38/U41 |=U39/3U$56 |=$F$11*$F$15 |=(W39/$W$54)'X39

40 15 +{277 =U40/U41 |=U40/$US56 |=$F$11*$F$15 |=(W40/$W$S5)"X40

41 average| 365 =U41/U41  [=U41/$US56 |=$F$11*$F$15 |=(W41/$W$56)"X41
42 :

43 medium 0-7|654 =U43/U46  |=U43/3U356 [=SF311°$F$16 |=(W43/$W3$53)"X43
44 8- 14]503 =U44/U46 [=U44/3U3S6 |=SF$11"$F$16 |=(W44/$W$54)"X44

45 15 +{1285 =U45/U46 |=U45/3U$56 [=$F$11*$F$16 |=(W45/$W$55)'X45
46 average| 2442 =U46/U46 |=U46/3US56 |=3F$11°$F$16 |=(W46/$W$56)"X46
47 : .

48 high 0-7/134 =U48/US1  [=U48/8US56  |=SF$11*$F$17 |=(W4B/$WES3)"X48
49 8-14{113 =U49/US1  [=U49/$US$S6  [=SFS$11°3F$17 |=(W49/$W$54)*X49

50 15 +{247 =USO/US1  |=US0/$U$56 - [=$F$11*$F$17 |=(W50/$W3$55)*X50

51 average|494 =US1/UST1  [sUS1/8USS6  |=$F$11"8F$17 |=(WS1/5W$56)"X51

52 -

53 |average| average 0 - 7/=SUM(U8,U1|=US3/U56 |=U53/$U$56 =SUM(Y8,Y13,Y18,Y23,Y28,Y33,Y38,Y43,Y48)
544 ¢ : 8 - 14|=SUM(US,U1{=US4/US6 |=US4/$U$56 =SUM(YS,Y14,Y19,Y24,Y29,Y34,Y39,Y44,Y49)
55 15 +{=SUM(U10,U[=U55/U56 |=U55/$U%$56 =SUM(Y10[Y15.Y20,Y25,Y30,Y35,Y40,Y45,Y50)
56 average| =SUM(U11,U[=US6/US6 |=US6/$U$S6 =SUM(Y11]Y16,Y21,Y26,Y31,Y36,Y41,Y46,Y51)
57
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Attachment B
Sequential Analysis Using Summary Data

and a Exclusively Additive Algorithm



A | B ] ~C | D | E F
1_{C. Sequential Analysis Using Summary Data and Prior Relativities Approach
2 |Additive Model: Premium = Base Rate * (1.0 + F1 + F2 + F3)
3
4 . i
5 Unadjusted Unadjusted Average| Adjusted
6 Categories| Average Loss| Indicated Relativity PRFPF| Indicated Relativity
7 Step 1. A : :
8 Safety 0 $149.28 -0.0372 0.0000 ! -0.0372
9 Record 1 . $183.79 0.1853 0.0000 0.1853] .
10 2 $213.58] 0.3774 0.0000 0.3774
11 average $155.05 0.0000 0.0000 0.0000
12| Step 2. ~ _
13| Mileage low $133.35 -0.1400] / -0.0084| \ -0.1316
14 medium $150.24 -0.0310[/  0.0008] \ -0.0319
15 high $207.76 0.3399|\ 0.0060] | 0.3339
16 average $155.05 0.0000/ \  0.0000{ / 0.0000
17
18] Step 3.
19 Years
20| Licensed 0-7 $248.17| 0.6005 0.0309 0.5697
21 8-14 $159.72 0.0301 0.0332 -0.0032
22 15 + $135.63 -0.1252 -0.0134 -0.1118
23 average $155.05 0.0000 0.0000 -~ 0.0000
24 '
25
26
27
28

seq_an_4.xIs:prior-rel-A2:9/24/96



1 J K L M N 0 PlQ
1
2
3 Determining prior relativities for Mileage
4 I I
5 Exposure Prior Part of
6 # % of category| % of total Relative Average
7 Safety Record| Mileage .
8 0 low| 21330] 16.804%| 14.313% -0.0372 -0.0329
9 medium| 89420 70.444% 60.003% -0.0372 -0.0316
10 high| 16187 12.752%| 10.862% -0.0372 -0.0308
11 average| 126937| 100.000%| 85.178% -0.0372 -0.0317
12 4
13 1 low 2443 13.004% 1.639% 0.1853 0.0188
14 medium| 13468| 71.688% 9.037% 0.1853 0.0237
15 high 2877 15.314% 1.931% 0.1853 0.0273
16 average| 18787| 100.000%| 12.607% 0.1853 0.0234
17
18 2+ low 365 11.057% 0.245% 0.3774 0.0057
19 medium 2442 73.978% 1.639% 0.3774 0.0088
20 high 494|  14.965% 0.331% 0.3774 0.0095
21 average 3301| 100.000% 2.215% 0.3774 0.0084
22
24 average low| 24138] 16.197%| 16.197% / -0.0084] \
25 medium| 105330{ = 70.679%| 70.679% [ 0.0008] \
26 high| 19558] 13.124%| 13.124% \  0.0060{ |
27 average| 149025 100.000%| 100.000% \ 0.0000 /
28 N1
seq_an_4.xlIs:prior-rel-A2:9/24/96 p. B-2



R S T- U \'} W X

1

2

3 [Determining part 1 of the prior relativities for Years Licensed

4 l 1

5 Exposure Prior Part of
6 # % of categor | % of total Relativity Average| .
7 |safety Record| Yrs. Lic.

8 0 0-7 16585| 13.066% 11.129% -0.0372 -0.0298
9 8-14 19049 15.007% 12.782% -0.0372 -0.0306
10 15+ 91303] 71.928% 61.267% -0.0372 -0.0324
11 average| 126937 100.000% 85.178% -0.0372 -0.0317
12
13 1 0-7 33301 17.725% 2.235% 0.1853 0.0297
14 8§-14 3480] 18.523% 2.335% 0.1853 0.0278
15 15 + 11978| 63.757% 8.038% 0.1853 0.0211
16 average 18787 100.000% 12.607% 0.1853 0.0234
17 :

18 2 0-7 842| 25.507% 0.565% 0.3774 0.0153
19 8-14 6511 19.721% 0.437% 0.3774 0.0106
20| 15+ 1808| 54.771% 1.213% 0.3774 0.0065
21 average 3301| 100.000% 2.215% 0.3774 0.0084
22 ‘
23 .
24 average 0-7 20757 13.929% 13.929% 0.0153
25 8-14 23180 15.554% 15.554% 0.0078
26 15+| 105089 70.518% 70.518% -0.0047
27 average| 149025( 100.000%| 100.000% 0.0000
28
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AA AB AC AD AE AF AG
1 ,
2
3 |Determining part 2 of the prior relativities for Years Licensed
1 v
5 Exposure Indicated Part of
6 # ‘ of category| % of total| Relativity Average
7 |Mileage |Yrs. Lic.
8 |low 0-7 1513 6.268%| 1.015% -0.1316 -0.0096
9 8-14 1829 7.578% 1.227% -0.1316 -0.0104
10 15 + 20795 86.154%| 13.954% -0.1316 -0.0260
11 average 24137| 100.000%| 16.197% -0.1316 --0.0213
12
13 |medium [0-7 16140| 15.323%| 10.830% -0.0319 -0.0248
14 8-14 17222 16.350%| 11.556% -0.0319 -0.0237
15 15 + 71969 68.327%| 48.293% -0.0319 -0.0218
16 average 105331] 100.000%| 70.680% -0.0319 -0.0225
17 ,
18 }high 0-7 3104 15.871%| 2.083% 0.3339 0.0499
19 ' 8-14 4128] 21.106%| 2.770% 0.3339 0.0595
20 15 + 12326| 63.023%| 8.271% 0.3339 0.0392
21 average 19558 100.000%| 13.124% 0.3339 0.0438
22 ’
23 |average |0-7 20757 13.928%( 13.928% 0.0156
24 8-14 23179 15.554%| 15.554% 0.0254
25 15 + 105090, 70.518%| 70.518% -0.0087
26 average 149026| 100.000%| 100.000% 0.0000
27
28

seq_an_4.xIs:prior-rel-A2:9/24/96
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A

. B D E F

1 |C. Sequentia

2 |Additive Mod

3

4

5 Unadjusted Unadjusted Average Adjusted

6 Categories| Average Loss|dicated Relativity PRFPF| ated Relativity

7 Step 1. , '

8 Safety|0 149.280347 =C8/$C$11-1 0 =(D8-E8)

9 Record|1 183.785927 =C9/$C$11-1 0 =(D9-E9)
10 2 213.576692 =C10/$C$11-1 0 =(D10-E10)
11 average|155.054756 =C11/$C$11-1 0 =(D11-E11)
12 Step 2.

13 Mileage low|133.345152 =C13/$C$16-1 =024 =(D13-E13)
14 medium|{150.2434 - =C14/$C$16-1 =025 =(D14-E14)
15 high|207.758208 =C15/$C$16-1 =026 =(D15-F15)
16 average|155.054756 =C16/$C$16-1 =Q27 =(D16<E16)
17

18 Step 3.

19 Years . r

20 Licensed 0 -7|248.167142 =C20/$C$23-1 =X24+AG23 =(D20-E20)
21 8 -14{159.71851 =C21/$C$23-1 =X25+AG24 =(D21-E21)
22 15 +|135.634746 =C22/$C$23-1 =X26+AG25 =(D22-E22)
23 average|(155.054756 =C23/$C$23-1 =X27+AG26 =(D23-E23)
24 L— .

25

26

27

28

seq_an_4.xls:prior-rel-A2:9/24/96
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{. J K L M N 0
1
2
3 |Determi
4
5 Exppsure Prior Part of
6 # % of category % of total Relative Average
7 | afety Record Mileage| -
8 |0 © low|{21330 |=K8/K11 |=K8/K$27 =$F$8  [=(M8/M$24)*N8
9 medium |89420 |=K9/K11 - |=K9/K$27 =$F$8  [=(M9I/M$25)*N9
10 high{16187 [=K10/K11 [=K10/K$27 =$F$8  |=(M10/M$26)*N10
11 average|{126937 [=K11/K11 [=K11/K$27 =$F$8  [=(M11/M$27)*N11
12 :
13 |1 low|2443 =K13/K16 [|=K13/K$27 =$F$9 =(M13/M$24)*N13
14 medium {13468 |=K14/K16 [=K14/K$27 =$F$9  |=(M14/M$25)*N14
15 high [2877 =K15/K16 |=K15/K$27 =$F$9  |=(M15/M$26)*N15
16 average|18787 |=K16/K16 |=K16/K$27 =$F$9 - |=(M16/M$27)*N16
17 .
18 2+ low|365 =K18/K21 |=K18/K$27 =3F$10 [=(M18/M$24)*N18
19 medium |2442 =K19/K21 |=K19/K$27 =$F$10  [=(M19/M$25)*N19
20 high[494 =K20/K21 [=K20/K$27 =3F310 |=(M20/M$26)*N20
21 average {3301 =K21/K21 |=K21/K$27 =$F$10 |=(M21/M$27)*N21
22
23
24| average low|=SUM(K |=K24/K27 |=SUM(M8,M13,M18) =SUM(08,013,018)
25 medium |=SUM(K |=K25/K27 [=SUM(M9,M14,M19) =SYM(09,014,019)
26 high|=SUM(K |=K26/K27 - |=SUM(M10,M15,M20) =SHYM(010,015,020)
274 . average [=SUM(K |=K27/K27 |=SUM(M11,M16,M21) =SUM(011,016,021) -
28

seq_an_4.xis:prior-rel-A2:9/4/96
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R S T U Vv W X

1

2

3 |Deter

4

5 Exposure Prior Part of
6 # % of category % of total Relativity Average
7 |ty Record! Yrs. Lic.

8 |0 0-7]16585 =T8/T11 =T8/T$27 =3F$8 =(V8/V$24)*W8

9 -8 -14{19049 =T9/T11 =TO9/T$27 =3F$8 =(V9/V$25)*W9

10 15 +|91303 =T10/T11  |=T10/T$27 =3F$8 =(V10/V$26)*W10
11 average|{126937 |=T11/T11 |=T11/T$27 =$F$8 =(V11/V$27)*W11
12

13 (1 0-7|3330 =T13/T16 |=T13/T$27 =3F$9 =(V13/V$24)*W13
14 8 - 143480 =T14/T16 |=T14/T$27 =3F$9 =(V14/V$25)*W14
15 15 +(11978 =T15/T16 |=T15/7%$27 =3F$9  |=(V15/V$26)*W15
16 average|18787 =T16/T16 |=T16/T$27 =3F3$9 =(V16/V$27)*W16
17

18 |2 0-7i842 =T18/T21 |=T18/T$27 =3F$10 |=(V18/V$24)*W18
19 8 - 14|651 =T19/T21 |=T19/T$27 =$F$10 [=(V19/V$25)*W19
20 15 +[1808 =T20/T21 |=T20/T$27 =3F$10 |=(V20/V$26)*W20
21 average |3301 =T21/T21 |=T21/T$27 =3F$10 |=(V21/VS27)*W21
22

23 . :

24 laverage 0 - 7|=SUM(T8,|=T24/T27 |=SUM(V8,V13,V18) =SUM(X8,X13,X18)
25 8 - 14|=SUM(T9,|=T25/T27 |=SUM(VS,V14,V19) =SUM(X9,X14,X19)
26 | 15 +|=SUM(T1 |=T26/T27 |=SUM(V10,V15,V20) =SUM(X10,X15,X20)
27 average{=SUM(T1 |=T27/T27 |=SUM(V11,V16,V21)! =SlUM(X1 1,X16,X21)
28 ' |

seq_an_4.xls:prior-rel-A2:9/4/96
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AA AB AC AD AE AF AG AH
1 :
2
3 |Deter
4
5 Exposur Indicated Part of
6 # % of category % of total|Relativity Average
7 |Mileage |Yrs. Lic.
8 jlow 0-7 1513 |=AC8/AC11 |=AC8/$ACS$26 |=3F$13 |=(AE8/SAE$23)*AF8
9 8-14 |1829 |=AC9/AC11 |=ACY/$ACS26 |=$F$13 |=(AESQ/SAES24)*AF9
10 15 + 20795 {=AC10/AC11|=AC10/$AC$26 |=3F$13 |=(AET0/SAE$25)*AF10
11 average [24137 |=AC11/AC11|=AC11/$AC$26 |=3F$13 |=(AE11/$AES$26)*AF11
12 S
13 |medium |0 -7 16140 |=AC13/AC16|=AC13/3AC$26 [=3F$14 |=(AE13/$AE$23)*AF13
14 8-14 [17222 |=AC14/AC16|=AC14/$AC$26 |=3F$14 |=(AE14/SAES$S24)*AF14
16 15 + 71969 |=AC15/AC16|{=AC15/$3AC$26 |=$F$14 |=(AE15/$SAE$25)*AF15
16 average [105331 |=AC16/AC16|=AC16/$AC$26 |=$F$14 |=(AE16/$AE$26)*AF16
17
18 |high 0-7 3104 {=AC18/AC21|=AC18/$AC$26 [=$F315 |=(AE18/$AES23)*AF18
19 8-14 (4128 [=AC19/AC21|=AC19/$AC$26 |=$F3$15 |=(AE19/$AES$S24)*AF19
20 15+ 12326 |=AC20/AC21|=AC20/$ACS$26 |=3F315 |=(AE20/$AE$25)*AF20
21 average 19558 |=AC21/AC21|=AC21/3AC$26 |=3F315 [=(AE21/$SAE$26)*AF21
22 —
23 |average |0-7 =SUM(A|=AC23/AC26 |=AC23/$AC$26 =SUM(AG8,AG13,AG18)
24 8-14 [=SUM(A|=AC24/AC26|=AC24/3AC$26 =SUM(AGY,AG14,AG19)
25 15 + =SUM(A{=AC25/AC26 |=AC25/3AC$26 =SUM(AG10,AG15,AG20)
26 average |=SUM(A|=AC26/AC26|=AC26/$AC$26 =?UM(AG11,AG16.AGZ1)
27
28

seq_an_4 xls:prior-rel-A2:9/4/96

p. B-4 (formulas)



Attachment C
Sequential Analysis Using Summary Data

and Multiplicative Algorithm






A | B | c | D | E | F G|H

1 |C. Sequential Analysis Using Summary Data and Prior Relativities Approach

2 |Multiplicative Model: Premium = Base Rate * F1 *F2* F3 * GDD

3

4

5 Unadjusted Unadjusted Average Adjusted
6 Cateqgories| Average Loss| Indicated Relativity PRFPF| Indicated Relativity
7 R

8 Step 1. no 289.00 1.8639 1.0000 1.2296
9 GDD yes 145,52 0.9385 1.0000 0.9837
10 average 155.05 1.0000 1.0000 1.0000
11
12 Step 2. L
13 Safety 0 149.28 0.9628 /~0.9955] \ 0.9671
14 Record 1 183.79 1.1853 [ 0.9981] \ 1.1875
15 2+ 213.58 1.3774 \ 1.1820{ ) 1.1654
16 average 155.05 1.0000 N\ 1.0000] / 1.0000
17
18 Step 3.
19 Mileage low 133.35 0.8600 0.9863 0.8719
20 medium 150.24 0.9690 1.0020 0.9671
21 high 207.76 1.3399 1.0063 1.3315
22 average 155.05 1.0000 1.0000 1.0000
23
24 Stepd.| | ey
25 Years 0-7 248.17 1.6005 1.1052 1.4481
26 Licensed 8-14 159.72 1.0301 1.0201 1.0098
27 15 + 135.63 0.8748 0.9748 0.8974
28 average 155.05 1.0000 1.0000 1.0000
Y D
30
31 [NOTE: Adjusted Indicated Relativities for GDD set so as to provide the required 20% difference.
32
33
34
35
36
37
38
39
40
41
42

seq_an_2.xls:prior_rel-M:9/24/96 p. C-1




Determining

prior relativities for Safety Record

Exposure

Prior

Part of

#

% of category

% of total

Relativity

Average

GDD:

Safety:

no

0 points

6136

61.955%

4.117%

1.2296

0.0594

W o|N|| || N -

1 point

1107

11.177%

0.743%

1.2296

0.0724

- 2+ points

2662

26.878%

1.786%

1.2296

0.9916

average

9904

100.000%|

6.646%

1.2296

0.0817

yes

0 points

120801

86.831%

81.060%

0.9837

0.9361

1 point

17681

12.709%

11.864%

- 0.9837

0.9257

2+ points

639

0.458%

0.428%

0.9837

0.1904

average

139122

100.000%

93.354%

0.9837

0.9183

average

0 points

126937

85.178%

85.178%

0.9955

™

1 point

18788

12.607%

12.607%

0.9981

2+ points

3301

2.215%

2.215%

T

1.1820

I~ ]

average

149026

100.000%

100.000%

1.0000

L/

~ L™ty mn

N =2







R S T U \"J W X Y

] -

2

3 |Determining prior relativities for Mileage

4

5 Exposure Prior Part of

6 # % of category % of total| Relativities Average
) 7 GDD:| safety Factor: Mileage: e (GDD x safe)

8 no 0 low 571 9.306% 0.383% 1.1891 0.0281

9 medium 4729 77.070% 3.173% 1.1891 | 0.0534

10 high 836 13.625% 0.561% 1.1891 0.0508 |

11 average 6136| 100.000% 4.117% 1.1891 0.0490

12 '

13 1 low 76 6.865% 0.051% 1.4601 0.0046

14 medium 874 78.952% 0.586% 1.4601 0.0121

15 high 157 14.182% 0.105% 1.4601 0.0117

16 average 1107 100.000% 0.743% 1.4601 0.0108

17 ' '

18 2+ low 306 11.495% 0.205% 1.4329 0.0182

19 medium 1969 73.967% 1.321% 1.4329 0.0268

20 high| 388 14.576% 0.260% 1.4329 0.0284

21 average 2662| 100.000% 1.786% 1.4329 0.0256

22

23 yes 0 low 20759 17.184% 13.930% 0.9513 0.8181

24 ~medium 84691 70.108% 56.830% 0.9513 0.7649

25 high 15351 12.708% 10.301% 0.9513 0.7466

26 average{ 120801 100.000% 81.060% 0.9513 - 0.7711

27

28 1 low 2367 13.387% 1.588% 1.1681 0.1145

29 medium 12594 71.229% 8.451% 1.1681 0.1397

30 high 2720 15.384% 1.825% 1.1681 0.1624

31 average 17681| 100.000% 11.864% 1.1681 0.1386

32

33 2+ low 59 9.233% 0.040% 1.1463 0.0028

34 medium 474 74.178% 0.318% 1.1463 0.0052

35 - high 107 16.745% 0.072% 1.1463 0.0063

36 average 639| 100.000% 0.429% 1.1463 0.0049

37 . :

38 average average low 24138 16.197% 16.197% 0.9863

39 medium| 105331 70.680% 70.680% 1.0020

40 high 19559 13.125% 13.125% 1.0063

41 average| 149026] 100.000% 100.000% 1.0000

&
nN




AB AC AD AE AF AG AH Al AJ A
1
2
3 |Derermining prior relativities for Years Licansed
4
Exposure Pror Part of
# %_of category| % of torastf _ Relatvitles Average| |
GOD: | ty Faaror:| Mileage: [Yre. Lic.: 00 x sefe x mile} ||
no 0 low| _ 0-7]  571| _100.000% 363% 0368 0.0285 ||
3-14 [ .000% ,000% 0368 0.0000
15+ [ 000% .000% 0368 0.0000
average 57 100.000% .383% .0368 0.0040
medum| _ 0-7|  4729| 100.000%| _ 3.173% 1.1499 0.2620
4 8-14 0 0.000%| __ 0.000% 1.1499 0.0000
5+ [} 5.000%| __ 0.000% 1.1499 0.0000 | |
average|  4729] 100.000%| 3.173% 1.1499 0.0365
8 Mgh|  0-7]  836| 100.000%| 0.561% 1,583 0.0638 ||
9 8-14 .000% 0.000% 1583 0000
20 15+ 000 0.000% 1,583 0000
2 average 836] 100.000% 0.561% 1.5833 .0089
p ¥ ow| __0-7 76| _100000%| _ 0.051% 127 0.0047 | |
24 8-14 0 000%| __0.000% 127 0.0000
25 15+ 0 .000%]__ 0.000% 127 00000 | |
26 average 76| 100.000%] _ 0051% 1.2731 0.0006
27 .
28 medum| _ 0-7| 874 100.000% 585% 4120 0594 ||
29 8-14 C 0.000% .000% 4120 0000
0 15+ C . 000% .000% 4120 0000
average|  B74] 100.000% .586% 4120 10083
hgh| _ 0-7| _157| 100.000% 105% 1.944 0147
34 8-14 0.000% .000% 1.9442 0000
15+ 0.000% .000% 1.9442 10000
average| _ 157] 100.000% .105% 1.0442 0,0020
38 2+ ow| __0-7 47| 15.359% .032% 12494 0028 ||
3 8- 14 30| 9.804% .620% 1.2494 10016
3 15+ 2291 74.837% .154% 12494 0027
4 average 3061 100.000% 0.205% 1.2494 .0026
4
y megum| 0-7] 552 Z8635%| _ 0370%| 13867 | 0038 | |
a4 8-14] 388 19.705% 260% 1.3857 10232
4 15+ 10281 52.209% 690% 3857 0136
4 average; 1963! 100.000% 321% .3857 0.0183
4
48 hgh| 0-7| 107 275/7%| 0.072% 6080 0.0098 | _|
49 8- 14 91| 23.454%] _ 0.061% 9080 0.0075
50 15 4] 1901 48969%]  0.127% 9080 0.0034
51 average| 3881 100.000%| _ 0.260% 9080 0.0050
52
531 yes 0 ow| __0-7| 6381 _ 3.314%]|  0.462% 0.8294 0.0275 ||
54 8- 14| 15621 7.524%]  1.048% 0.8294 0.0559
55 15+| 18509 £9.161% 12.420% 0.8294 0.1461 |
3 average| 20759]_100.000%) 13 530°% 0.8294 0.1155
7 i
0-7] 815 9627%| __ 5471% 09199 3613 1|
8-14] 141161 _ 16.668%|  94712% 0.9199 5602
15+ 62422]  73.706%| _ 41.886% 0.9199 5464
average| 846011 100.000%| 56.829% 0.9199 5228 | |
2
3 toh]  0-7] 1608 10.475% 075% 1.2666 0.0981
4 B-14]  3371]_ 21.959% 2 262% 1.2666 1842
15+ 103721 67.566%| _ 6.560% 1.2666 1250 ||
average| 15351] 100.000%| 10.301% 1.2666 1305
8 1 lowl __0-71 . 125  5.281%|  0.084% 1.0185 0.0061
= 8-14] 2% 9.844%|  0.156% 1.0185 0.0102
70 5+] 20091 _ 84 875% 348% 10185 0.019%
7 average|  2367] _100.000% 588% 1.0185 0.0
7. B R
7 medum| _ 0-7| 1730 13.737% 161% 1296 10941
74 8- 14 2603 20.669% . T47% 1296 1269
75 15+|  8262] 65.603%|  5.544% 1296 0888 | |
78 average| - 125941 100.000% .451% .1296 0.0955
77
7 high| 0-7 369 . 566% 0.245% 5553 0276 ||
7 3-14 44| 23.676% | 0.432% 555 04321 |
8 15+ 1708] _ 62.794% 6% 5553 0253 ||
8 average| 2720 _100.000% 825% 555 .0284
82
3 PO owl _0-7 7| 11.864% 005% 0.9995 0003 ||
34 8- 14 5 AT5% .003% .9995 ,0002
85 15+ 48] 81.356% 032% 9995 10005
average 59| _100.000% 040% 9995 0.0004
7
medum| __ 0-7] 102 513% 068% 1086 0054 1|
E 8-14] 11 4.262% 1077% 1086 0055
90 15+ 257 54219% .172% .1086 0027 1|
91 average| 474 100.000% .318% 086 0035
92
93 “Thghl 0.7 28| _ 26.168% .019% 5264 0021
: 8-14 2| 20561% .015% 5264 0014 | |
15+ 57 63.211% ,038% 5264 0008
07| 100.000% .072% 5264 10011
’7 s T
98 | rage|average| average 0-7] 20759f 13.930% .930% 1052 | -
%9 8-14] 231801 15.554%  554% 0201 ] |
15+] 105001] _ 70.518%| 70.518% 9748
101 average! 1439028] 100.000%] 100.000% .0000
102 S







A B [ D E F
1 |C. Sequential
2 |Multiplicative M
3
4
5 Unadjusted Unadjusted Average Adjusted
6 Categories Average Loss| Indicated Relativity PRFPF| Indicated Relativity
7 .
8 Step 1. no|288.999093 =C8/$C$10 1 1.22956919781719
9 GDD yes|145.519204 =C9/$C$10 1 0.983655358253755
10 average|155.054756 =C10/$C$10 1 1
11
12 Step 2.
13 Safety|0 149.280347 =C13/$C$16 =018 ,/ |=D13(E13
14 Record|1 183.785927 =C14/$C$16 =019 | =D14/E14
15 2+]213.576692 =C15/$C$16 =020 |\ =D15/E15
16 average|155.054756 =C16/$C$16 =021 \__ [=D16/E16
17
18 Step 3.
19 Mileage low[133.345152 =C19/$C$22 =Y38 =D1B/E19
20 medium|[150.2434 =C20/$C$22 =Y39 =D20/E20
21 high|207.758208 =C21/$C$22 =Y40 =D2{1/E21
22 average}155.054756 =C22/$C$22 =Y41 =D22/E22
23 :
24 Stepd.| | 1 1 e )
25 Years 0-7]|248.167142 =C25/$C$28 =AJO8 . =D25/E25
26 Licensed 8 - 14/159.71851 =C26/$C$28 =AJ99 =D26/E26
27 15 +(135.634746 =C27/$C$28 =AJ100 =D27/E27
28 average|155.054756 =C28/$C$28 =AJ101 =D28/E28
2 1 0 00 /= g
30
31 [NOTE: Adjuste
32
33
34
35
36
37
38
39
40
41
42

seq_an_2.xls:prior_rel-M:9/24/96

p. C-1 (formulas)




Determ

Exposure

* Prior

Part of

#

% of category

% of total

Relativity

Average

GDD:

Safety:

no

0 points

6136

=K8/K11

=K8/K$21

=$F$8

=(M8/M$18)*N8

o|oo|~t|n|o|anle [N]

1 point

1107

=K9/K11

=K9/K$21

=$F$38

=(M9/M$19)*N9

2+ points

2662

=K10/K11

=K10/K$21

=$F3$8

=(M10/M$20)*N10

average

9904

=K11/K11

=K11/K$21

=$F$8

=(M11/M$21)*N11

yes

0 points

120801

=K13/K16

=K13/K$21

=$F$9

=(M13/M$18)*N13

1 point

17681

=K14/K16

=K14/K$21

=$F$9

=(M14/M$19)*"N14

2+ points

639

=K15/K16

=K15/K$21 -

=$F$9

=(M15/M$20)*N15

average

139122

=K16/K16

=K16/K$21

=$F$9

=(M16/M$21)*N16

average

0 points

=SUM(K8,K13)

=K18/K21

=K18/K$21

_ [=SUM{08,013)

1 point

=SUM(K9,K14)

=K19/K21

=K19/K$21

FSUM(09,014)

2+ points

=SUM(K10,K15)

=K20/K21

=K20/K$21

%SUM(010,015)

Nl

average

=SUM(K11,K16)

=K21/K21

=K21/K$21

=SUM(011,016)

N AL B L B A e ]
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R S T u - Vv W X Y Z

1

2

3 |Determining prior relativities for Mileage

4

5 Exposure Prior Part of

6 # % of category % of total| Relativities _ Average

7 GDD:| safety Factor: Mileage: (GDD x safe)

8 no 0 low 571 9.306% 0.383% 1.1891 0.0281

9 medium 4729 77.070% 3.173% 1.1891 0.0534
10 high 836 13.625% 0.561% -1.1891 0.0508 |
11 average 6136 100.000% 4.117% 1.1891 0.0490
12

13 1 low 76 6.865% 0.051% 1.4601 0.0046
14 medium 874 78.952% 0.586% 1.4601 0.0121
15 high 157 14.182% 0.105% 1.4601 0.0117
16 average 1107] 100.000% 0.743% 1.4601 0.0108
17

18 2+ low 306 11.495%/| 0.205% 1.4329 0.0182
19 medium 1969 73.967% 1.321% 1.4329 0.0268
20 high 388 14.576% 0.260% 1.4329 0.0284
21 average 2662| 100.000% 1.786% 1.4329 0.0256
22

23 yes 0 low 20759 17.184% 13.930% 0.9513 0.8181
24 medium 84691 70.108% 56.830% 0.9513 0.7649
25 high 15351 12.708% 10.301% 0.9513 0.7466
26 average| 120801| 100.000% 81.060% 0.9513 0.7711
27

28 1 low 2367 13.387% 1.588% 1.1681 0.1145
29 medium 12594 71.229% 8.451% 1.1681 0.1397
30 high 2720 15.384% 1.825% 1.1681 0.1624
31 average 17681| 100.000% 11.864% 1.1681 0.1386
32

33 2+ low| 59 9.233% 0.040% 1.1463 0.0028
34 : medium 474 74.178% 0.318% 1.1463 0.0052
-35 - high 107 16.745% 0.072% 1.1463 0.0063
36 average 639| 100.000% 0.429% 1.1463 0.0049
37 : -

38 average average low 24138 16.197% 16.197% 0.9863
39 medium| 105331 70.680% 70.680% 1.0020
40 high 19559 13.125% 13.125% 1.0063
41 average| 149026{ 100.000%| 100.000% 1.0000
42

cam an 9 slermrine raARQ/AIOR
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[N T

AB AC AD AE AF AG AH Al AJ A
1
2
3 _{Datermining prior. relativitias for Years Licensed
4
Exposure Prior Partof
B__|%ofcstegoryl s oftom] Relativites| Average
IGDD: [ty Fector:| Mileage: [Yre. Lic.: [GOD x safe x mile)
| o0 ow| _0.7{  571] 100.000% .383% 0368 0.0285
8.14 (] .000% .000% 0368 0.0000
15+ 0 000% .000% 0368 0.0000
average|  571) 100.000% 383% 0368 0.0040
0-7] 4729| 100.000% 173% 11439 2620
4 8-14 0 .000% .000% 1499 .0000
15+ 0 .000% .000% 1499 0000 ||
average| 4729| 100.000% L 173% 1499 .0365
tigh| _ 0-7]  836] 100.000%| 05614 5833 0.0638
§-14 0] _ 0.000%] 0.000% 583 .0000
15+ O] 0000%| _ 0.000% 583 .0000
average 836 100.000% .56 1% -5832 .0089
23 1 ow|  0-7 76| 100.000%| _ 0.051% 272 0.0047
24 8-14 O] 0.000%| __0.000% 27, .0000
25 15+ 0 0.000%| __0.000% 27 .0000
26 average 76| 100.000%| _ 0.051% 27 0006
27
28 medum| _ 0-7| _ 874 100.000% .586% 4120 0594
29 8-14 0] 0.000% .000% 4120 .0000
G 5+ o[ 0.000% .000% 4120 .0000
average 874] 100.000% .586% .4120 .0083
3 hghl —0-7|  157| 100.000% 105% 1944 0.0147
4 814 0.000% .000% 1.542; 0.0000
15+ 0.000% .000% 1944 0.0000
average| 157 100.000%]  0.105% 1.944 0.0020
3 2 ow| _0-7 47| 15350%| 0032% 12454 0.0028 | |
39 8-14 30| 9.804% 020% 2494 0.0016
40 15+ 229] 74.837% 154% 2494 0.0027
4 average 306! 100.000% .205% 2494 0.0026
4
r medum| _ 0-7| _ 552| 26,035% 370% 3857 0.0368 | |
r 8-14]  383] 19.705%]  0.260% 3857 0.0232
4 15+] 1028] 52209%)|  0.690% 3857 0.0136
y average| 1969 100.000%]  1.321% 13857 00183
4
4 hgh{ 0-7| _ 107| 27.577%| _ 0072% 5080 10098 | |
I 8-14 91| 23454%] _ 0.061% 9080 0075
15+] _190| 48969%| 0.127% 9080 0034
average|  383] 100000%|  0.260% 9080 0.0050
D&
531 vyes ] ow| _0-7| _ 688 3.314%] _0.462% 8294 0.0275 | |
54 8-14] 15621 __ 7.524% 048% 8294 0559
15+] 18509] _89.161%| _12.420% 8294 1461 |
average| 20759) 100.000%| 13.930% .8294 1155
58 medum| _ 0-7] 8153 962TA| _ 5471% 09199 3613
59 B-14| 14116] _ 16668%|  9.472% 0.5159 5602
§0 15+ 62422] 73.706%| 41.886% 0.9195 5464 ||
1 average| 84691] 100.000%| 56.829% 0.9159 05228 | |
high| _0-7| 1608] _10.475%] _ 1.079% 1.2666 0.081
Y 8-14| 3371|  21.959%]|  2.262% 1.2666 0.1842
15+ 10372| 67.566%] _ 6.560% 1.2666 0.1250 | |
average| 15351| 100.000%| 10.301% 1.2666 0.1305
1 low|  0-7| 125]  5281%| 0084% 1.0185 0.0061
8141 233  9.844%[  0.156% 0185 0.0102
15+ 2009] 84875%|  1.348% 0185 0.0195
7 average|  2367| 100.000%| _1.588% 0185 0.0162
7.
T medum|  0-7|  1730]  13.737%| _ 1.161% 1296 0541
T4 8-14] 2603| 20669%| 1.747% 1296 1269
75 15+ 8262] 65.603%| _5544% 1296 0888 ||
78 average| 12504| 100.000%|  8.451% 1296 0955
jid
78 hgh|  ©0-7] 369] 13566%|  0.248% 1.5553 10276 | |
79 8-14 44| 23676%|  0.432% 5553 0432 ||
G A5+ _1708] _62794%| _ 1.146% 5553 0253
1 average|  2720] 100.000%|  1.825% 5553 0284
2* ow] _ 0-7 7] 11.864%|  0.005% 0.9995 0003 | |
Y 8-14 8| 8475%| _ 0.003% 0.9595 0002
5+ 48[ 81.35%|  0.032% 0.9995 .0005
average 59| 100.000% .040% 0.9995 .0004
8
88 medum| 0-7|  102] 21.519%| 0.068% 1086 10054 ||
[ 89 8-14] 11 4262%| _ 0077% 1086 .0055
50 16+ 257| 54.219%|  0.172% .1086 .0027
91 average| 474 100.000% 318% -1086 0035
92
93 hgh|  ©0-7 28| 26.168% 15% 5264 0021
4 3-14 2| 20561%| _ 0.015% 5264 .0014
15+ 57] 63271%|  0038% 5264 .0008
average 107] 100.000%| 0.072% .5264 .0011
s
8 | rage|average| average|  0-7( 20759 13.930%| 13.930% 1052 |
99 8-14] 23180] 15.554%| 15.554% 0201 | |
100 15+] 105091] _ 70.518%| 70.518% 0.9748
1 average| 149028 100.000%| 100.000% 20000
2] . 3

AN



A B C D E F
1 |C. Sequential '
2 [Multiplicative M
3 _
4
5 Unadjusted Unadjusted Average Adjusted
6 Categories Average Loss| Indicated Relativity PRFPF| Indicated Relativity
7 .
8 Step 1. no|{288.999093 =C8/$C$10 1 1.22956919781719
9 GDD yes|145.519204 =C9/$C$10 1 0.983655358253755
10 ' average|155.054756 =C10/$C$10 1 1
11
12 Step 2.
13 Safety|0 149.280347 =C13/$C$16 =018 / |=D13E13
14 Record|1 183.785927 =C14/$C$16 =019 | =D14/E14
15 2+]213.576692 =C15/$C$16 =020 | =D15/E15
16 average|155.054756 =C16/$C$16 =021 \. [=D16/E16
17
18 Step 3. :
19 Mileage low{133.345152 =C19/$C$22 =Y38 =D1B/E19
20 medium|150.2434 =C20/$C$22 =Y39 =D20/E20
21 high{207.758208 =C21/$C$22 =Y40 =D2{/E21
22 average|155.054756 =C22/3C$22 =Y41 =D2Q/E22
23
24 Stepa e .
25 Years 0-7|248.167142 =C25/$C$28 =AJ98 =D25/E25
26 Licensed 8 -14{159.71851 =C26/$C$28 =AJ99 =D26/E26
27 15 +|135.634746 =C27/$C$28 =AJ100 i =D27/E27
28 average|155.054756 =C28/3C$28 =AJ101 =D28/E28
29 s "’
30
31 |NOTE: Adjuste
32
33
34
35
36
37
38
39
40
41
42
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Determ

Exposure

- Prior

Part of

# 5

% of category

% of total

Relativity

Average

GDD:| -

Safety:

no

0 points

6136

=K8/K11

=K8/K$21

=$F$8

=(M8/M$18)*N8

1 point

1107

=K9/K11

=K9/K$21

=$F$38

=(M9/M$19)*N9

olo|el~alalnlw o]

2+ points

2662

=K10/K11

=K10/K$21

=$F$8

=(M10/M$20)*N10

-
-t

average

9904

=K11/K11

=K11/K$21

=3F$8

=(M11/M$21)*N11

-t
n

-
(2]

yes

~ 0 points

120801

=K13/K16

=K13/K$21

=§F$9

=(M13/M$18)*N13

-
£

1 point

17681

=K14/K16

=K14/K$21

Z5F$9

=(M14/M$19)*N14

-t
n

2+ points

639

=K15/K16

=K15/K$21 -

=$F$9

=(M15/M$20)*N15

-
(2]

average

139122

=K16/K16

=K16/K$21

=$F$9

=(M16/M$21)*N16

-
\‘

-l
©o

average

. 0 points

=8UM(K8,K13)

=K18/K21

=K18/K$21

=SIUM(08,013)

-t
©w

1 point

=SUM(K9,K14)

=K19/K21

=K19/K$21

#SUM(09,014) \

N
o

2+ points

=SUM(K10,K15)

=K20/K21

=K20/K$21

£SUM(010,015) )

N
-

average

=SUM(K11,K16)

=K21/K21

=K21/K$21

=5UM(011,016)

[ d
N

n
w

n
'y

»n
3]

n
[>2]

N
~

(a4
o

[
w

[
o

(24
-

(24
N

(2]
w

(7
=

[ 2
3]

(2]
(< 2]

(23
~

(74
o

[
w0

r-S
o

£ -3
-

£
N
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R S T U Vv W X Y
1
2
3 |Deter
4
5 Exposure Prior Part of
6 # % of category % of total .Relativities Average
7 GDD: |ety Factor:| Mileage: (GDD x safe)
8 no|0 low|571 =U8/U11 |=U8B/US41 |=$F$8*$F$13 |=(W8B/WS3B)*X8
18 medium [4729 =U9/U11 |=U9/U%41 [=$F$8*$F$13 |=(WI/W$39)*X9
10 high|836 =U10/U11 |=U10/U$41 [=3F$8*$F$13 |=(W10/W$40)*X10
11 average|6136 =U11/U11 |=U11/U$41 [=$F$8*$F$13 |=(W11/W$41)*X11
12
13 1 low|76 =U13/U16 |=U13/US$41 |[=$F$8*SF$14 |=(W13/W$38)*X13
14 ' medium|874 =U14/U16 |=U14/U$41 |=$F$8"$F$14 |=(W14/W$39)*X14
15 high[157 =U15/U16 [=U15/U$41 [=3F$8*$F$14 [=(W15/W$40)*X15
16 average|1107 =U16/U16 |=U16/U$41 |=$F$8*SF$14 |=(W16/W$41)*X16
17 ' -
18 2+ low|306 =U18/U21 [=U18/U%41 [=$F$8*$F$15 |=(W18/W$38)*X18
19 medium 1969 =U19/U21 |=U19/U%41 |=$F$8*$F$15 [=(W19/W$39)*X19
20 high|388 =U20/U21 |=U20/U$41 [=3F$8*$F$15 |=(W20/W$40)*X20
21 average|2662 =U21/U21 [=U21/U$41 [=$F$8*$F$15 |=(W21/W$41)*X21
22 A
23 yes|0 low|20759 [=U23/U26 |=U23/U$41 |=$F$9*$FP13 |=(W23/W$38)*X23
24 medium 84691 [=U24/U26 |=U24/U$41 |=$F$9*$F$13 [=(W24/W$39)*X24
25 high[15351 |=U25/U26 |=U25/U%41 |=$F$9*$F$13 |=(W25/W$S40)*X25
26 average|{120801 [=U26/U26 [=U26/U$41 |=3F$9 $F$13 [=(W26/W$41)"X26
27
28 1 low|2367 =U28/U31 |=U28/U%41 |=$F$3*$F$14 |=(W28/W$38)*X28
29 medium {12594  [=U29/U31 |=U29/U%41 {=$F$9*$FH14 [=(W29/W$39)*X29
30 high|2720 =U30/U31 |=U30/US41 |=3F$9*SF$14 |=(W30/W$40)*X30
31 average (17681 |=U31/U31 [=U31/U$41 |=$F$9*$F$14 |[=(W31/W$41)*X31
32
33 2+ low{59 =U33/U36 [=U33/U$41 [=3F$9*$F$15 |=(W33/W$38)*X33
34 medium (474 =U34/U36 |=U34/U%41 [=$F$9*SF$15 |=(W34/W$39)*X34
35 high|107 |=U35/U36 [=U35/U$41 |=$F$9*$F$15S |=(W35/W$40)*X35
36 average|639 =U36/U36 |=U36/U%41 |=3F$9*$F$1S |=(W36/W$41)*X36
37 :
38 |average| average low|=SUM(U |=U38/U41 |=U38/U$41 =SUM(Y8,Y13,Y18,Y23,Y28,Y33)
39 medium |=SUM(U [=U39/U41 -|=U39/U$41 =SUM(Y9,Y14,Y19,Y24,Y29,Y34)
40 high|=SUM(U {=U40/U41 [=U40/U%$41 =SUM(Y10,Y15,Y20,Y25,Y30,Y35
41 average [=SUM(U [=U41/U41 [=U41/U$41 =SUM(Y11,Y16,Y21,Y26,Y31,Y36
42 .
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AB [ Ac | _AD AE AF AG AH Al AJ
1
2
Dete
4
Sur Priot Part of
# % of catego % of torel Relativites Average
GOD: | cactor: | Mileage: | Yrs. Uo.: o (GO x sfe x mi —
8 | o0 low| 0-7|571  |=AFBIAF =AFSAFS101 _ |=SFS8SFS13SFS19 |2(AHA/SAHSIB) Al
] 8-14]0 =AFSIAF =AFS/SAFS 101 |=SFSE-SFS13°SF19 | =(AHO/SAHSS9)'Al9
i5+[0 *AF10AF11__|=AF10/SAFS101 |=$F38 SFS13°3FS19 | =<(AH10/SAHS 100)°AID
average|571 _ |=AF1UAFI1 _|=AF11/BAF$101 [=SFrS8-SF$13°-$F$19 [=(AH11/SAHS101)°AH1
di 0-7|4729 __[=AF13/AF =AF13/SAF$101_|=SFS8-SFS13°SF$20 |<(AH13/SAHSI8)'AI13
4 8-140 =AF14/AF =AF14/SAFS$101 |=SFS8-SFS13°SFS20 |(AH14/3AHSS9)"AI14
15 +[0 *AF15/AF =AF16/SAFS101 |=SF$B-SFS13-3F320 |=(AH15/SAHS 100)°AIT5
ge|4729 _ |=AF16/AF =AF16/SAFS101 |=SFSB-SFS13-5F 820 |=(AH16/SAHS101)°AI16
] Ngh|  0-7|836 _ |=AFI8/AF21 _|=AF1B/BAFS101_|SFS8°SF313°Sr521 |=(AH1&/3AHSI8)°Al18
] 8-14]0 =AF1O/AF21__|=AF1S/SAFS101_|=SF$8-SF$13°SFS21 |=(AH19/FAHSI9)"Al19
20 - 15+10 =AF20/AF. =AF20/SAF$101_|=SFSB-SF$13$FS21 |=(AHZ0/SAHS 100)°AI20
average |836 _ [=AF21/AF21 _|[=AF21/SAFS101_|=SFSB°SFST3-3F$21 |=(AH21/SAHS101)°A121
1 ow|  0-7]76 =AF23/AF26 __|=AF23RBAFS101_|=SFS8-3FS14-SF$19 |=(AH23/SAHSIBY'AIZ3
4 §-14]0 =AF24/AF26 _ |=AF24/SAFS101 |=3F$8-$F314°SF$19 |=(AH24/SAHSI9)'Ai24
25 15+]0 =AF25/AF26__|=AF25/SAFS101_|=SF$8-SF$14°SFS19 |=(AH25/SAHS100
26 average |76 =AF26/AF26  |=AF26/SAFS101 |=SFS8"SFS14°3F$19 |=(AH26/SAHS101) AI26
Fid
28 g 0-7|874___[=AF28/AF31__|=AF28/SAFS101 |=SFS8-SFS14°SFS20 |=(AHOG/SAHSI8)AI28
28 8-14[0 =AF20/AF31__|=AF20/BAFS101 |=$F38-SF$14°SF$20 [=(AH29/SAHS39)"A129
15+]0 =AF30/AF =AF30SAFS101_|=SFS8°SFS14°SF$20 |=(AH30/SAHS100)°AI30
average|874___|=AF31/AF =AF31/SAFS101 |=SFSB-SFS14°SFS20 |=(AH31/8AHS101)"AI31
3 Ngh|  0.7|167  [-AF3UAF36__|=AFJ3/SAFS101_|=SF38-3F$14°SFS21 |s(AH3I/SAHSSB)'AIS3
4 8. 140 =AF34/AFI6 _|=AF34/3AF$101 [=3F38-SFS14°SFS21_|=(AHI4SAHSIB)'AI34
15+]0 “AF35/AF36 _ |*AF35RAFS101 |=SFSB-SFS14°SFS21 |=(AH35/SAHS100)AI35
average|157 __ |=AF36/AF36__|=AF36/SAFS101 |=SFS8-SFS14°SFS21 |~(AH36/SAHS101)°A136
2v| low| _0-747 =AF38AF41__|=AFI&/SAFS101 |=SFS8-SFS15°SF$19 [=(AH38/SAHSI8)"AI38
8- 14130 =AF30/AF41__ |=AF39/SAFS101 [=SFS8-SFS15°SF319 [=(AH39/SAHSIS)"AIZ9
4 15+[220 __[=AFAO/AFA1__|=AFAD/SAFS101 |=SFS8'SF$15°SF $19 |=(AH40/SAHS100)°Al40
4 average (306 [=AFA1AFA1__ |=AF41/SAFS101 |=SFS8-SF$15°SF$19 |=(AH41BANS101)"AI41
4
43 medium| _ 0-7(562 _ |*AFA3/AF46_ |=AFANSAFS101 |=SFS8 SFS15°SFS20 |=(AHAI/SAHSIS)'AIL3
44 8-14{388 _ |sAFA4/AFAE |=ATA4/SAFS101 |=SFSB'SFS15-SFS20 |=(AH44/SAHSI9)"Ald4
4 15+11028___|=AF45/AF4 AF45SAFS101_|=SFSESFS15°SF$20 |{(AHAS/SAHS100)°Al45
a average (1969 |=AFAGIAF4 AFA6/SAFS101_|=SFS3"SF$15°SFS20 |=(AH4E/SAHS101)"A146
4’
4 high|  0-7(107___ |-AFA8IAF51 __|=AF48/SAFS101 [=$FS8-SFS15°SFS21 |=(AH4B/SAHSIB)'Al48
4 8-14191 SAFAQ/AFS) _ |=AFAG/SAFS101 |=SFS8°SFS15°5F521 |=(AH49/SAHSII) Al49
75 +1190___ |=AFSO/AF51__|<AFSORAFS101 |=SFSB-SFS15-3F§21 |=(AHS0/SAHS100)°Ai50
average|388___ |sAF5S1AF51 |=AFS1/SAFS101 |=SFS8-SFS15°SFS21 |=(AHS1/SAHS101)°AIS1
31 ves(o low| _ 0-7(688  [*AFGUAF56 _|=AFSUSAFS101 [=SFSI-SFS13-SFS19 |=(AH5XSAHSIE)'AI53
54 8-14[1562__|sAF54/AFS6 | =AF54/SAFS101_|=$FSO"SF$13°SFS19 |=(AH54/SAHSO0)'AI54
15 +{18500__|=AF55/AF56__ |=AFS5/SAFS101 |=SFSQ-SFS13-SF$19 |»AHSS/SANS100)°AIS5
average 120769 |*AFSGIAFS6__ |AFSGISAFS101_|=SFS9-SFS13-SF$19 |=(AHS6/SAHS101)°AI56
medum|  0-718153 _ [AFSB/AFG!__|=AF5B/SAFS101 |=SFSI-IFS13°SFS20 |=(AH5&/SAHSI8)"AIS8
8-14[14116_|"AF5Q/AF6]_ |=AFSO/SAFS101 [sSF39°"SFS13°SFS2D |=(AH5O/SAHSG0)'AI5H
15 +(62422_|*AFGO/AF61__ |=AFGO/SAFS101 [=SFSOSF$13-5F$2D |=(AHEO/SAHS 100)°AIE0
average 84691 [sAFG1/AFG1 _|=AFGISAFS101 |=SFSI-SFS13°SF$20 |*(AHE1/SAHS101)"AI61
3 high| _ 0-7(1608__ (*AFGIAFG6__|*AFGI/SAFSI01 |=SFS9-SFS13°3F321 (<(AHBI/SAHSOB)'AIG3
4 8-14[3371__ |=AF6AIAFG6 _|=AFGA/SAFSID1_[sSFS9-SF$13-SF$21 |»AHGA/SAHS90)"Al64
15 +|10372_|=AFG/AFE6 _ |=AFG5/SAF$101 |=SFSO-SF313°SF$21 |=(AHE5/SAHS100)AIE5
average | 15351 |AF66/AF66  |=AFGBISAFS101 |=SFS9-SFS13-5F$21 |=(AHEE/SAHS101)°AI66
] 1 owl _ 0-71125 _ |-AFBBIAFT1__ |<AFGA/SAFS101 |=3FSG'SFS14°SFS19 |=(AHGE/SAHSIB)"AI68
9 8-14[233__ |sAFGU/AF71__ |=AF6S/SAFS101 |=SFS9-SFS14°3F$19 |=(AHEWSAHSI9)AI63
70 16 +(2009 _|=AFTO/AFT1__ |=AF7O/BAFS101_|=SFS9-SFS14°SF$19 [=(AHTO/SAHS100)°AI70
7 avetage 2367 |*AFTUAF71__ |=AFT1SAFS101 |=SFSO-SF$14°SF$19 [<(AHTI/SAHS101)°AIT1
7. .
§ medum| ~_0-7(1730___|*AF73/AF76 __|=AFTIRAFS101 |=3F3G SFS14-3F$20 |=(AH7/SAHSIB)'AI73
74 8-14(2603_ |SAFTA/AFTE  [AF74/SAFS101 |=SFS9"SFS14°3F$20 |=(AHTA/SAHSS9)Al74
5] 15+]8262_ |=AF7S/AFT6 |=AFTSISAFS101 |=SFS9-SF$14-3F$20 |*(AH75/SAHS100)°AIT5
78 : average 12504 -|=AF76/AF 76 |=AFT6/SAFS101 |=SFS9 SF$14-SF$20 |*(AHT6/SAHS101)°AI76
7
(78 high|  0-7(360 _ |=AFTBIAFE1  [=AFTB/SAFS101 [=SFS9-SFS14-SF$21 |MAHT&/SAHSIBY'AITE
79 B-14|644 __ |SAFTO/AFB1__ |<AF/9/SAFS101 |=SFS9"SF$14°SF521 |=(AHTS/SAHSS9)°AI79
: 15 +]1708__|=AFBO0/AF81__|=AFBO/SAFS101_|=SFS9°SFS14°SF$21 | =(AHBO/SAHS100)°Al80
average 2720 |=AFB1/AFB1__ |=AFBISAFS101 |=SFS9-SFS14°3F$21 |=(AHB1/SAHS101)Al81
82
3 2+ dowl  0-7[7 =AFSIAFBE  |=AFBI/SAFSI01 |wSF30 SFS15°3F 519 |»(AHB/SAHSIB)AIB3
34 8-14]5 =AF84/AFE6__|=AFB4/SAFS101 |=SFSO"SFS15°SF$19 |*(AHB4/SAHS99) Ald4
15 +[48 =AFB5/AF86 __ |=AFB5/RAFS101 |=SFSO-SFS15SFS19 |=(AHB5/SAHS100)°AI85
average (59 - |=AFBGIAFBE  |=AFBG/ISAFS101 |=SFSU'SFS15°3F$19 |=(AHBE/SAHST01)°AI86
T medum|  0-7]10: =AFBBIAFD1 _|=AFBBISAFS101 |=SF$0-SF$15°3F 20 | ~(AHBS/SAHSOB)"AIBE
8- 1411 “AFBO/AFG1__|=AFGORAFS101 |#SFS9-SFS15°$F 520 |*(AHBI/SAHSI9)AIBY
T 15+[25 *AFGO/AFG1 | *AFOO/RSAF$101 |=SFS0"SFS15°SF 320 |»(AHOO/SAHS100)°A190
average 474 [AFSU/AF91__|=AFOUSAFS101 |=SFSG SFS15-3F$20 | =(AHS1/SAHS101)"AI91
92 .
3 high] _0-7)28 =AFOUAFD6__ | *AFGNSAFS101_|*SFS9 SFS15°3F821 |=(AHIU/SAHSO8)'AI93
4 §-14]22 =AFQ4IAFGE  |=AFOA/SAFS101_|=SFSO SFS15°3F 321 |=(AHG4/SAHSIS) A4
E 15 +157 »AFO5IAFGE | *AFOB/SAFS101 |»SFSO"SFS15°8F$2) |»(AHO5/SAHS100)°AISE
58 average 107 |sAFOG/AFO6 | *AFOGISAFS101_|=SFS9-SFS15°3F$21 |5(AHOG/SAHS101)°AIS6
97 B il
98 Jerage | erage|average]  0-7|=SUM(A [=AFSB/AF 101 |=AFSBAFS10 =SUMAJEAITI A8 AJZ3AIZE AJ33 AI3B AJA3 AJAS AJS3 AJS8 AJGIAJEE AJTI ATTB AJBI AJSBAIGS) ). .
99 8 - 14|=SUM(A [*AFSO/AF 101__|*AFOS/SAFS10 =SUM(AJOAJT4AJT9 AJ24 AJZ9 AJ34 AJ3S AJA8 AJAI AJSE AJSI AJEA A0 AJT4 AJTO AJSE AJBI AIZE)
100 15 + [=SUM(A |=AF100/AF101 | ~AF100/3AF$101 =SUMAJI0AT15 AI20 AJ25 AJ30.AJ35AJ40,AJ45 AJS0 AJS5 AJ60 AJES5 AJT0.AJTS AJBO AJBS AJSO AJS5)
101 average [*SUM(A [=AF 101/AF 101 | *AF101SAFS 101 =SUM(AT11AJI6 AJ21 AJ26 AJ31 AJI6AIATAJE6 AJST AISE AJET AJBEAITTAITE AJBT AIBE AJII ATGE) 1
T T T e
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- Attachment D
Sequential Analysis Using Summary Data

and a Mostly Additive Algorithm



A | B [ c | D | E F H
1 {D. Sequential Analysis Using Summary Data and Prior Relativities Approach
2 |Additive Model (w/GDD constraints): Premium = GDD * Base Rate * (1.0 + F1 + F2 + F3)
3 = (GDD * Base) + (GDD * Base * F1) + (GDD * Base * F2) + (GDD * Base * F3)
4
5 Unadjusted Unadjusted Average Adjusted
6 Categories Average Loss| Indicated Relativity PRFPF | Indicated Relativity
7 Step 1.
8 GDD no 289.00 1.8639 0.0000 1.2296
9 yes 145.52 0.9385 0.0000 0.9837
10 average 155.05 1.0000 0.0000] - 1.0000
11 _
12 Step 2.
13 Safety 0 149.28 -0.0372] /  -0.0045| \ -0.0328
14| Record 1 183.79 0.1853] [  -0.0019{ | 0.1872
15 2+ 213.58 0.3774| \ 0.1820| | 0.1955
16 average 155.05] - 0.0000] \  0.0000{ / 0.0000
17 S~ 1
18| Step 3.
19| Mileage| low 133.35 -0.1400 -0.0137 -0.1263
20 medium 150.24 -0.0310 0.0020 -0.0330
21 high 207.76 0.3399 0.0063 0.3336
22 average 155.05 0.0000 0.0000 0.0000
23
24| Step4.! | e
25 Years 0-7 248.17 0.6005 0.1052 0.4953
26 | Licensed 8-14 159.72 0.0301 0.0202 0.0099
27 15+ 135.63 -0.1252 -0.0252 -0.1000
28 average 155.05 0.0000 0.0000 0.0000
29t 1 v M
30
31 INOTES: GDD relativities set to meet the 20% requirement.
32 Relativities for the categories of the factors combined with GDD are set so that the subcategories not
33 qualified for the GDD are set to provide the 20% requirement. This constraint is determined by the
34 equation: z=R/(1-0.2 * x), where: |
35 z = the relativity of the subcategory not qualified for the GDD
36 0.8 * z = the relativity of the subcategory qualified for the GDD
37 R = the relativity of the category undivided by GDD
38 X = the % of the category qualified for the GDD
39 _
40 R) "~ (2) (0.8*2)
41 Factor:| Cateqories:| % qualified for GDD| Adi. Indicated Relativity]  Rel. if(GDD = no) Rel. if(GDD = yes)
42 Safety 0 95.166% -0.0328 -0.0405] - . <0.0324
43 Record 1 94.108% 0.1872 0.2305 0.1844
44 2+ 19.358% 0.1955 0.2033 0.1627
45 average 93.354% 0.0000
.46 _
47| Mileage low 96.056% -0.1263 -0.1564 -0.1251
48 medium 92.812% -0.0330 -0.0405 -0.0324
49 high 92.939% 0.3336 0.4098 0.3278
50 average 93.354% 0.0000
51
52 Years 0-7 61.709% _ 0.4953 '0.5651 0.4521
53| Licensed 8-14 97.804% 0.0099 0.0123 0.0099
54 15 + 98.623% -0.1000 -0.1246 -0.0997
§5 average - 93.354% 0.0000
56
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M

Determining prior relativities for Safety Record

|

Exposure

Adj

. Indicated

Part of

#

% of category

Relativity

Average

GDD

Safety

% of total

no

0

6136

61.955%

4.117%

1.2296

0.0594

Wi~ ]| [ N]=

1

1107

11.177%

0.743%

1.2296

0.0724

2+

2662

26.878%

1.786%

1.2296

0.9916

average

9904

100.000%

6.646%

1.2296

0.0817

13 yes

0

120801

86.831%

81.060%

0.9837

0.9361

1

17681

12.709%

11.864%

0.9837

0.9257

2+

639

0.459%

0.429%

0.9837

0.1904

average

139122

100.000%

93.354%

0.9837

0.9183

N

18 average

0

126937

85.178%

85.178%

0.9955

1

18788

12.607%

12.607%

0.9981

2+

3301

2.215%

2.215%

1.1820

average

149026

100.000%

100.000%

1.0000
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Vv

Determining part 1 of the prior relativities for Mileage

!

l

|

Exposure

Adj. Indicated

Part of

% of category

% of total

Relativity

Average

GDD

Mileage

wlooi~ | [N

no

low

852

9.612%

0.639%

1.2296

0.0485

med.

7571

76.444%

5.080%

1.2296

0.0884

high

1381

13.944%

0.927%

1.2296

0.0868

average

9904

100.000%

6.646%

1.2296

0.0817

yes

low

23185

16.665%

15.558%

0.9837

0.9449

med.

97759

70.269%

65.599%

0.9837

0.9130

high

18178

13.066%

12.198%

0.9837

0.9142

average

139122

- 100.000%

93.354%

0.9837

0.9183

average

low

24137

16.197%

16.197%

0.9934

med.

105330

70.679%

70.679%

1.0013

high

19559

13.125%

13.125%

1.0010

~ average

100.000%

100.000%

149026

1.0000

sea an 4.xls:orior rel-A:9/24/96

p. D-3



AA AB AC AD AE AF AG AH | Al

1

2

3 |Determining part 2 of the prior relativities for Mileage

4 l |

5 Exposure Adj. Indicated Part of

6 # % of category| % of total Relativity Average

7 |GDD x Safe. Mileage

8 no/0 low 571 9.306% 0.383% -0.0405 -0.0010

9 med. 4729 77.070% 3.173% -0.0405 -0.0018

10 high 836 13.625% 0.561% -0.0405 -0.0017

1 average 6136{ 100.000% 4.117% -0.0405 -0.0017

12 : .

13 no/1 low 76| - 6.865% 0.051% ~ 0.2305 0.0007

14 med. 874| 78.952% 0.586% 0.2305 0.0019

15 high 157 14.182% 0.105% 0.2305 0.0019

16 average 1107] 100.000% 0.743% 0.2305 0.0017

17 :

181 no/2+ low 306 11.495% 0.205% 0.2033 0.0026
119 med. 1969 73.967% 1.321% 0.2033 0.0038

20 high 388 14.576%| 0.260% 0.2033 0.0040

21 average| 2662| 100.000% 1.786% 0.2033 0.0036

22

23 yes/0 low 20759 17.184%| 13.930% -0.0324 -0.0279

24 med. 84691 70.108%| 56.830% -0.0324 -0.0260

25 high 15351 12.708%| 10.301% -0.0324 -0.0254

26 average 120801] 100.000%| 81.060% -0.0324 -0.0263|

27 :

28 yes /1 low 2367 13.387% 1.588% 0.1844 0.0181

29 med. 12594 71.229% 8.451% 0.1844 0.0221

30 _ high 2720 15.384% 1.825% 0.1844 0.0256

31 average 17681| 100.000%| 11.864% 0.1844 0.0219

32

33| yes/2+ low 59 9.233% 0.040% 0.1627 0.0004

34 med.| 474 74.178% 0.318% 0.1627 0.0007

35 _high 107 16.745% 0.072% 0.1627 0.0009

36 average 639| - 100.000% 0.429% 0.1627 0.0007

37 '

38| average low 24138 16.197%| 16.197% -0.0070

39 med. 105331 70.680%| 70.680% 0.0006

40 high 195591 13.125%| 13.125% 0.0053]|

41 average| 149026 100.000%]| 100.000% 0.0000

42 :

43

44

45

46

47

48

49

50

51

52

53

54

55

56

seq_an_4 xis:prior_rel-A:9/24/96

p. D-4



AJ

AK

AL

AM

AN

AO

AP

AQ

AR

Determining part 1 of the prior relativities for Yrs. Lic.

]

" Exposure

Adj.

Indicated

Part of

#

% of category

% of total

Relativity

Average

GDD

Yrs. Lic.

no

low

7948

80.250%

5.333%

1.2296

0.4708

GO [P [N =t

med.

509

5.139%

0.342%

1.2296

0.0270

high

1447

14.610%

0.971%

1.2296

0.0169

average

9904

100.000%

6.646%

1.2296

0.0817

yes

low

12809

9.207%

8.595%

0.9837

0.6070

med.

22670

16.295%

16.212%

0.9837

0.9621

high

103643

74.498%

69.547%

0.9837

0.9701

average

100.000%

93.354%

0.9837

0.9183

139122

average

low

20757

13.928%

13.928%

med.

23179

15.554%

15.554%

high

105080

70.518%

70.518%

average

149026

100.000%

100.000%

seq_an_4.xIs:prior_rel-A:9/24/96

p.D-5



AS AT AU AV AW AX AY

1

2

3 |Determining part 2 of the prior relativities for Yrs. Lic.

4 I I

5 Exposure Ad]. Indicated Part of

6 # % of category| % of total Relativity Average

7 |GDD x Safe.|  Yrs. Lic.

8 no/0 low 6136| 100.000% 4.117% -0.0405 © -0.0120

9] med. 0 0.000% 0.000% -0.0405 0.0000
10 high 0 0.000% 0.000% -0.0405 0.0000
11 average 6136; 100.000% 4.117% -0.0405 -0.0017
12 .
13 no/1 low 1107| 100.000% 0.743% 0.2305 0.0123
14 med. 0 0.000% 0.000% 0.2305 0.0000
15 high 0 0.000% 0.000% 0.2305 0.0000
16 average 1107} 100.000% 0.743% 0.2305 0.0017
17
18 no/ 2+ low 706 26.521% 0.474% 0.2033 0.0069
19 med. 509| 19.121% 0.342% 0.2033 0.0045
20 high 1447| 54.358% 0.971% 0.2033 0.0028
21 average 2662| 100.000% 1.786% 0.2033 0.0036
22 :
23 yes/0 low 10449 8.650% 7.012% -0.0324 -0.0163
24 med. 19049 15.769%| 12.782%|: -0.0324 -0.0266
25 high 91303| 75.581%| 61.266% -0.0324 -0.0281
26 average 120801} 100.000%| 81.060% -0.0324 -0.0263
27 :

28 yes/1 low 2224| 12.578% 1.492% 0.1844 0.0198
29 med. 3480 19.682% 2.335% 0.1844 0.0277
30 high 11978| 67.745% 8.038% 0.1844 0.0210
31 average 17681| 100.000%]| 11.864% 0.1844 0.0218
32 ‘
33| yes/2+ low 136 21.283% 0.091% 0.1627 0.0011
34 med. 142| 22.222% 0.095% 0.1627 0.0010
35 high 362| 56.651% 0.243% 0.1627 0.0006
36 average 639| 100.000% 0.429% 0.1627 0.0007
37 | P
38| average low 20758 13.929%| 13.929% 0.0118} -
39 med. 23180) 15.554%| 15.554% 0.0065
40 high{- 105090| 70.518%| 70.518% -0.0038|
41 , average 149026| 100.000%| 100.000% ' 0.0000] .
42 ) . " -
43
44
45 5
46

47

48

49

50

51

52

53

54
55

56

seq_an 4.xls:prior:_rel-A:9/24/96



BB BC BD BE BF BG BH Bl | BJ
1
2 .
3 |Determining part 3 of the prior relativities for Yrs. Lic.
4 I | .
5 Exposure Adj. Indicated Part of
6 # % of category| % of total Relativity Average
7 |GDbD xMile.]  Yrs. Lic.
8 no/ low low 694| 72.899%| 0.466% -0.1564 -0.0052
9 med. 30f 3.151% 0.020% -0.1564 -0.0002
10 high 229| 24.055%| 0.154% -0.1564 -0.0003
11 average 952| 100.000% 0.639% -0.1564 -0.0010
12 '
13 | no/ med. low 6155| 81.297%| 4.130% -0.0405 -0.0120
14 med. 388 5.125%| 0.260% -0.0405 -0.0007
15 high 1028 13.578% 0.690% -0.0405 -0.0004
16 average 7571| 100.000% 5.080% -0.0405 -0.0021
17 '
18| no/high low 1099|  79.580% 0.737% 0.4098 0.0217
19 med. 91 6.589% 0.061% 0.4098 0.0016
20 high 190 13.758% 0.127% 0.4098 0.0007
21 average 1381{ 100.000% 0.927% 0.4098 0.0038
22 A
23| yes/low low 820 3.537% 0.550% -0.1251 -0.0049
24 med. 1800 7.764% 1.208% -0.1251 -0.0097
25 high 20566| 88.704%| 13.800% -0.1251 -0.0245
26 average 23185| 100.000%| 15.558% -0.1251 -0.0195
27 ‘
28 lyes / med. low 9985| 10.214% 6.700% -0.0324 -0.0156
29 med. 16834| 17.220%| 11.296% -0.0324 -0.0235
30 high 70941| 72.567%| 47.603% -0.0324 -0.0219
31 average 97759| 100.000%| 65.599% -0.0324 -0.0213
32
33| yes/ high low 2005| 11.030% 1.345% 0.3278 0.0317
34 med. 4037| 22.208%{ 2.709% 0.3278 0.0571
35 high 12136 66.762% 8.144% 0.3278 0.0379
36 average 18178| 100.000%| 12.198% 0.3278 0.0400
%2 15 5 e et O e
38| average low 20758| 13.929%| 13.929% 0.0156
39 med. 23180| 15.554%| 15.554% 0.0246
40 _high| 105090] 70.518%| 70.518% -0.0085
41 average| 149026| 100.000%| 100.000% 0.0000
4 -+ 1 A0 T
43
44
45
46
47
48
49
50
51
52
53
54
55
56
sea an 4.xls:prior rel-A:9/24/96 o. D-7



A B C D E F
1 |D. Sequen
2 |Additive M
3
4
5 Unadjusted Unadjusted Average Adjusted
6 : Categories Average Loss|dicated Relativity PRFPF| ted Relativity
7 Step 1.
8 GDD no|288.999093 |=C8/C$10 0 =1/(1-(0.2*
9 yes|145.519204 =C9/C$10 0 =0.8 *F8
10 average|[155.054756 =C10/C$10 0 =(D10-E10)
11 \
12 Step 2.
13 Safety|0 149.280347 =(C13/C$16)-1 |=018-1" =DT18.E13
14 Record |1 - |183.785927 =(C14/C$16)-1 |=019{1 =D14-E14
15 2+|213.576692 =(C15/C$16)-1 |=020\1 =D15-E15
16 average|155.054756 =(C16/C$16)-1 |=021-1\_ ;W-Ew
17 ,
18 Step 3.
19| Mileage low[133.345152 =(C19/C$22)-1 [=(X18-1)+AG38 =D19-E19
20 medium {150.2434 1=(C20/C$22)-1 |=(X19-1)+AG39 =D20-E20
21 high|207.758208 =(C21/C$22)-1 |=(X20-1)+AG40 =D21-E21
22 average|155.054756 =(C22/C$22)-1 |=(X21-1)+AG41 =D2p-E22
23 ‘
24 Stepd4.] |l e
25 Years 0-7|248.167142 =(C25/C$28)-1 |=(AP18-1)+AY38+BH38 |=D25-E25
26 | . Licensed 8-141159.71851 =(C26/C3$28)-1 |=(AP19-1)+AY39+BH39 |=D28-E26
27 - 15 +{135.634746 =(C27/C$28)-1 |=(AP20-1)+AY40+BH40 |=D27-E27
28 average|155.054756 =(C28/C$28)-1 [=(AP21-1)+AY41+BH41 |=D28-E28
29 1 i
30
31 INOTES:
32 Relativ
33 qualifi
34 equati
35 z = the relati
36 "|0.8*z=the
37 R =the relat
38 x = the % of
39 ,
40 (R) (2) (0.8*2)
41 Factor:;| Categories: % qualified for GDD|j. Indicated Relativity Rel. if(GDD = no)|el. if(GDD =yes)
42 Safety|0 =K91/(K88+K91) =F13 - =D42/(1-(0.2*C42)) =0.8*E42
43 Record|1 =K92/(K89+K92) =F14 =D43/(1-(0.2*C43)) =0.8"E43
44 2+|=K93/(K90+K93) =F15 =D44/(1-(0.2*C44)) =0.8"E44 |
45 average |=SUM(K91:K93)/K94 =F16 :
46
47| Mileage low|=T91/(T88+T91) =F19 =D47/(1-(0.2*C47)) =0.8*E47
48 medium|{=T92/(T89+T92) |=F20 =D48/(1-(0.2*C48)) =0.8"E48 -
49 high {=T93/(T90+T93) =F21 =D49/(1-(0.2*C49)) =0.8*"E49
50 average|=SUM(T91:T93)/T94 =F22
51 ‘ :
52 Years 0 - 7|=AL91/(AL88+AL91) =F25 =D52/(1-(0.2*C52)) =0.8"E52
§3| Licensed 8 - 14{=AL92/(AL89+AL92) =F26 =D53/(1-(0.2*C53)) =0.8*E53
54 15 +|=AL93/(AL90+AL93) =F27 =D54/(1-(0.2*C54)) =0.8*E54
§5 average |=SUM(AL91:AL93)/ALS4 |=F28
56

seo an 4.xIs:orior rel-A:9/24/96

n. D-1 fformulas)



| J K L M N o P

1

2

3 |Determi

4

5 Exposure j. Indicated Part of

6 # % of category | - % of total Relativity Average

7 GDD Safety

8 no|0 16136 =K8/K$11 =K8/K$21 =$F3$8 =(M8/M$18)*N8

9 1 1107 =K9/K$11 =K9/K$21 =$F3$8 =(M9/M$19)*NS

10 2+|2662 =K10/K$11 |=K10/K$21 |=$F$8 =(M10/M$20)*N1Q

11 average{9904 =K11/K$11 |=K11/K$21 |=$F$8 =(M11/M$21)*N11
12 -

13 yes|0 120801 =K13/K$16 [=K13/K$21 |[=3F39 =(M13/M$18)*N13

14 1 17681 =K14/K$16 |=K14/K$21 |=$F39 =(M14/M$19)*N14

15 2+(639 =K15/K$16 |=K15/K$21 [=3%F3$9 =(M15/M$20)*N15

16 average|139122 =K16/K$16 |=K16/K$21 [=3F3$9 =(M16/M$21)*N16

17

18 average|0 =K8+K13 =K18/K$21 [=K18/K$21 =08+013

19 1 =K9+K14 =K19/K$21 |=K19/K$21 =09+014 \
20 2+|=K10+K15 |=K20/K$21 [=K20/K$21 =010+015 J/
21 average|=K11+K16 [=K21/K$21 |=K21/K$21 50\1 1+016 /
22

seq_an_4.xls:prior_rel-A:9/24/96

p. D-2 (formulas)




R S T u \'/ w X

1 :

2 \

3 |Determi

4

5 . Exposure Indicated Part of

6 # % of category| % of total |Relativity Average

7 GDD| Mileage

8 no low|952 =T8/T$11 |=T8/TH21 |=$F$8 |[=(V8/V$18)*W8

9 : med.|7571 =T9/T$11 |[=T9TH21 |=$F$8 |=(VO/V$19)*W9
10 high {1381 =T10/T$11 |=T10/T$21 |=$F$8 |=(V10/V$20)*W10
11 average|[=SUM(T8:T10) |=T11/T$11 |=T11/T$21 |[=3F$8 |=(V11/V$21)*W11
12 '

13 yes low|23185 =T13/T$16 [=T13/T$21 [=$F$9 |=(V13/V§18)*W13
14 med.|97759 =T14/T$16 [=T14/T$21 |=$F$9 [5(V14/VE19)*W14
15 high|18178 =T15/T$16 [=T15/T$21 |=$F$9 [=(V15/V$20)*W15
16 average{=SUM(T13.T15) |=T16/T$16 |=T16/T$21 |=3F$9 |=(V16/V$21)*"W16
17 '
18| average low|=T8+T13 =T18/T$21 |=T18/T$21 =X8+X13
19 med.|=T9+T14 =T19/T$21 [=T19/T$21 =xX9+X14
20 high[=T10+T15 =T20/T$21 [=T20/T$21 =X10+X15
21 average|=T11+T16 =T21/T$21 |=T21/T3$21 =xX11+X16
22

seq an 4.xls:orior rel-A:9/24/96

p. D-3 (formulas)



AA AB AC AD AE AF AG AH

1

2

3 |Determi

4

5 Exposure j. Indicated Part of

6 # % of category % of total Relativity Average

7 | GDO x Safs.| Mileage

8 no/0 low{571 =AC8/AC$11 |=AC8/ACS41 =$E$42 |=(AEB/AE$38)*AF8

9 med. {4729 =AC9/ACS11  |=AC9/ACH41 =$E$42 |=(AES/AE$39)*AFS

10 high|836 =AC10/AC$11 |=AC10/AC$41 |[=$E$42 |=(AE10/AE$40)*AF10

11 average|6136 =AC11/AC$11 |=AC11/AC$41 [=8E$42 |=(AE11/AE$41)*AF11

12 .

13 no/1 low|76 =AC13/AC$16 |=AC13/AC$41 |=$E$43 |=(AE13/AE$38)"AF13

14 med. |874 =AC14/AC$16 {=AC14/AC$41 |=3E$43 . |=(AE14/AE$39)*AF14

15 high|157 =AC15/AC$16 |=AC15/AC$41 |=3E$43 [=(AE1S/AE$40)*AF15

16 average|1107 =AC16/AC$16 [=AC16/AC$41 [=$E$43 [|=(AE16/AE$41)*AF16

17 :

18 no/ 2+ low|306 =AC18/AC$21 |=AC18/AC$41 |=$E$44 |=(AE18/AE$38)*AF18

19 med. 1969 =AC19/ACS$21 |=AC19/AC$41 |=$E$44 |=(AE1S/AE$39)*AF19

20 high|388 =AC20/ACS$21 |=AC20/AC$41 |=$ES$44 |=(AE20/AE$40)*AF20

21 average (2662 : =AC21/AC$21 |=AC21/AC$41 |=$E$44 |=(AE21/AE$41)*AF21

22 :

23 yes/Q low]{20759 =AC23/AC$26 |=AC23/AC$41 |[=$F$42 [=(AE23/AE$38)*AF23

24 med. |84691 =AC24/AC$26 |=AC24/AC$41 |=3F$42 |=(AE24/AE$39)"AF24

25 high|15351 =AC25/AC$26 |=AC25/AC$41 |=3F$42 |=(AE25/AE$40)*AF25

26 average|120801 =AC26/AC$26 |=AC26/AC$41 |=3F$42 |=(AE26/AE$41)*AF26

27

28 yes /1 low{2367 =AC28/AC$31 |[=AC28/ACS41 |=$F$43 |=(AE28B/AE$38)*AF28

29 med.|12594 =AC29/AC$31 {=AC29/ACS$41 |=SF343 |=(AE2S/AE$39)"AF29

30 high{2720 =AC30/AC$31 |=AC30/ACS41 |=$F$43 |=(AE3Q/AE$40)"AF30

31 average {17681 =AC31/AC$31 {=AC31/AC$41 |=$F3$43 |=(AE31/AED41)"AF31

32

33 yes / 2+ low|59 =AC33/AC$36 |=AC33/ACS$41 [=$F$44 |=(AE33/AE33B)*AF33

34 med.|474 =AC34/ACS$36 |=AC34/ACS41 |=$F$44 |=(AE34/AE$39)"AF34

35 high{107 =AC35/AC$36 |=AC35/AC$41 |=$F$44 |=(AE3S/AE$40)"AF35

36 average {639 =AC36/ACS36 |=AC36/AC$41 |=$F$44 |=(AE36/AES41)"AF36

37

38 average low|=AC8+AC1 [=AC38/AC$41 |=AC38/ACS41 =AG8+AG13+AG18+AG23+AG28+AG33

39 med. [=AC9+AC1 [=AC39/AC$41 |=AC39/ACS41 =AGS+AG14+AG1S+AG24+AG29+AG34

40 high{=AC10+AC |=AC40/AC$41 |=AC40/ACS41 =AG10+AG15+AG20+AG25+AG30+AG35
141 average{=AC11+AC |=AC41/AC$41 |=AC41/AC$41 =AG11+AG16+AG21+AG26+AG31+AG36

42 :

seq_an_4 xls prior_rel-A'9/24/96

-0, D-4 (formulas)




AJ AK AL AM AN AO AP AQ
1
2
3 |Determi
4
5 Exposure . Indicated Part of
6 # % of category % of total Relativity Average
7 GDD| Yrs. Lic. ‘
8 no low 7948 =AL8/AL$11 |=AL8/AL$21 |=$F3$8 =(AN8/AN$18)*AQ8
9 med. |509 =AL9/AL$11 |=AL9/AL$21 |=$F38 =(ANS/AN$19)*A09
10 high {1447 =AL10/AL$11 [=AL10/AL$21 |=$F$8 =(AN10/AN$20)*A010
11 average [=SUM(AL8:AL10) [=AL11/AL$11 [=AL11/AL$21 |=$F$8 =(AN11/AN$21)*A011
12
13 yes low|12809 =AL13/AL$16 [=AL13/AL$21 |=$F3$9 =(AN13/AN$18)*A013
14 med. {22670 =AL14/AL$16 [=AL14/AL$21 [=$F3$9 =(AN14/AN$19)*AO14
15 high|103643 =AL15/AL$16 |=AL15/AL$21 |=$F3$9 =(AN15/AN$20)*A015
16 average [=SUM(AL13:AL15) |=AL16/AL$16 {=AL16/AL$21 |=$F39 =(AN16/AN$21)*A016
18| average low[=AL8+AL13 =AL18/AL$21 |=AL18/AL$21 =APS+AP13
19 med. [=AL9+AL14 =AL19/AL$21 |=AL19/AL$21 =AP9+AP14
20 high [=AL10+AL15 =AL20/AL$21 |=AL20/AL$21 =AP10+AP15
21 average |=AL11+AL16 =AL21/AL$21 |=AL21/AL$21 =AP11+AP16
rv3 I R O N R P s —

seq_an_4.xls:prior_rel-A:9/24/96

p. D-5 (formulas)




