Claims Reserve Calculator

User Guide



CONTENT

1 INErOTUCTION et e e et s bbb e e s 3
2 Demo version and aCtiVatioN........ccocuiiiiiiiiiiii e 6
I U 0T a0 o T=T=ToT o] T or= ) o o S SR 8
3.1 Claims data SPECITICATION .uuurieiieee ettt e e e e e et e e e e e e eeeeaarreeeeeas 8
3,110 DAta table et s 9
TR 0 o =Y o =4 [ UUUU P 10
3.2 Triangles SPeCifiCation......ccuuuiiiiii i 11
I T O T o 14 o1 F=1 e - - PR 13
B O 1 U o1 U ) 3RSt 16
3R o B @ 10 o U} o A g - [ =4[O PPPPPRN 17
3.4.2.  Average faCtors ChOICE ....uiiiiuiiii i e e e s e e e s s raeeeeennaes 18
343 RESUIES e e s e s e 20
3.5 EXPOrt Of the OULPUL oo e e e e e e e e e e anrraeeeeas 23
4 Technical dOCUMENTATION .....oouiiiiieiie e 24
L |\ = o [ P 24
I 1 4 = o V= 1T TSP 25
4.3 Average development faCtorS. ..o s 27
4.4 OptioNal data tables......uueeiie i e e e aaaaeeean 28
A5 RESUIES ettt st n e an e nneenare s 30
5 USEfUl HEEIatUIE...ee et s e e sneesaneenee e 33
Claims Reserve Calculator User Guide October 2017

Version 1.09 Page 2



—o0
B

The Claims Reserve Calculator is a software tool developed in MS Excel. Its goal is to help
actuaries with the process of claims reserving that is crucial especially for non-life insurance

1 INTRODUCTION

companies. We believe that this application will make your actuarial work easier, more
comfortable, faster and more complex.

It is based on the analysis of the aggregated data expressed in the form of a development
triangle and the extrapolation of the aggregated values to the future using variety of
development factors.

Its main functions are as follows:

e To extract the appropriate data from the claims data table and arrange them in a form
of development triangle, according to the user’s requirements. The customization
consists mainly in the choice of:

o the length of the triangle time period — 1 month, 1/4 year, 1/2 year, 1 year;

o the triangle types to be calculated — 5 different methods of a data aggregation
(Payment triangle — occurrence vs. booking, Incurred triangle — occurrence vs.
reporting, Incurred triangle — occurrence vs. booking, Number of claims paid
out triangle, Number of reported claims triangle).

e To calculate several variants of average development factors with their immediate
application to the extrapolation of historical triangles.

Other useful functions of the application:

e inflation adjustment of the data;

discounting of extrapolated values;

e |oss ratio triangles calculation;

e Bornhuetter-Fergusson method application;

e graphical representation of the individual development factors and residuals;
e identification of the extreme values of individual development factors;

e export of results into the separate Excel workbook.
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Calculation of reinsurance recoverables: Reinsurance recoverables are calculated by the

NEW FEATURES IN VERSION 1.09

application of reinsurance rates on the basic results. Reinsurance rates are defined per Line of
business, Code and Group categories, separately for each occurrence period.

Results presented by calendar periods: Apart from the results given by occurrence periods,
they are also aggregated by the calendar periods following after the valuation date. Also the
relative pattern is calculated.

Tail calculation: Both tail factors and tail discount factors can be defined according to the
occurrence period.

NEW FEATURES IN VERSION 1.08

Implementation of Bornhuetter-Fergusson (B-F) method: Projection from payment and
incurred triangles can be combined with prior estimation based on ultimate loss ratios.

Extension of claims data: New column added for number of paid claims. This enables to use the
aggregated data on the input and calculate the triangle with number realized payments.

Premium defined on LOB, Group and Code level: Premium is defined on the same level as is
used in the claims data table. This enables to correctly apply the filter on calculated results,
including loss ratios and B-F method results.

Furthermore, several adjustments have been made to make the tool more user-friendly.
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2 DEMO VERSION AND ACTIVATION

Demo version P

You are running the demo version of Claims Development
Triangles.

In this demo version you are limited to perform all the
calculations
only with sample data provided with this demao version.

Unless you activate the product, any formerly calculated data will
be reset.

OK |

. v,

After opening the application, you will be informed about running the demo version. Now you
can only run the demo version until you insert the valid product key. In the demo version you
can only use the provided demo data which are included in the file you downloaded from the
website. Click “OK” to continue.

X|

Claims Reserve Calculator

Registration key: DFDES-FE222-62DD2-DZ9B8-FDEFC

Product not activated

Version 1.092 ACTIVATE | DEMO |

Now only the demo version is active. If you want to run the full version of the application, click
on the button “Activate” otherwise continue in the demo version by clicking on the button
“Demo”.

To get the Activation key, go to the web site www.tools4f.com and purchase the application.

Once the license is ordered and paid, you will be sent the Activation key to your e-mail. After
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receiving the Activation key, copy it to the box “Activation key” and you can activate the full

version of this application with the button “Activate product”.

NOTE: The Activation key is generated based on the Registration key provided by this
application and the both keys are unique to this computer only. You will not be able use
neither the Registration key nor the Activation key on any other computer. Please make
sure you are using the correct Registration - Activation key pair, as once activated on
your computer it will not be possible to move and run the activated application on
another computer.

Claims Reserve Calculator - Product Activation ﬁ
Registration key Iregistratiun key - filled in Copy to dipboart
hetivation key Iactivatinn leey - to be filled in by user Activate product

Purchase now from Took4F.com | Cancel

IMPORTATNT NOTICE: The Activation key is (or will be) generated based on the
Registration key provided by this application and the both keys are unique to this computer
only. You will not be able to use neither the Registration key nor the Activation key on any
other computer. Please make sure you are using the correct Registration-Activation key
pair, as once activated on this computer it will not be possible to move and run the
activated application on another computer,

From now on, you can use all the functions of the application.
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3 USING THE APPLICATION

After opening the file you will be asked if you would like to save the workbook as a new file. It is
highly recommended to do so, since the original file would stay unchanged and ready to be
used without the need of any reset procedure.

f~ v
Microsoft Excel ‘ &J

It is highly recommended to save the workbook as a new file before you start
working. Save now?

Next you will be asked if you would like to change the auto-recovery setting. Usually the
MS Office application is set to save the working file automatically with a specified frequency.
This ‘autosaving’ procedure can slow down the calculation, especially if you work with a large
claims input data. Thus you are given the possibility to change the setting to make the whole
process faster. You can either change the auto-save frequency or even disable the automatic

saving.
- ” " i =
Auto-recovery setting ‘ lﬂ Auto-recover setting &J]

MNew saving frequency (in minutes, positive

The file will be automatically saved every 10 minutes. This autosave can number up to 120}

significantly slow down the calculation. Do you want to change the setting? Cancd |

: Zero or a negative value will disable the autematic

saving.
0]

3.1 CLAIMS DATA SPECIFICATION

At the beginning only the /nitialSetting sheet is visible. Here you can see the short description of
the application and the Claims data specification form. The Complete reset of the application
button under the form can be used to reset the application when you want to start to work

with new data.

Claims data specification

Choose the form of the claims doto input and use the CREATE INPUTS button to
confirm your choice. The cloims dota con be represented either os o doto table
(with o pre-specified columns structure) or directly in the form of a claim triangle.

@ Get data from a text file CREATE INPUTS

© Fill in the data table

" Fill in the triangle

Claims Reserve Calculator User Guide October 2017
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Select the preferred option of the data input form and confirm your choice using the Create

Inputs button. Generally, there are two default types of the claims data representation — the
data table or directly the development triangle.

3.2 DATATABLE

To fill in the data table you can import the data from a text file (choose the first option in the
Claims data specification form) or fill in the data table directly in Excel (choose the second
option in the form). If you choose to import the data from a file, first the file browser is opened
to let you choose the file. (In this case, the file has to have a structure with the semicolon as a
separator. If you want to import the data from a text file with different structure, choose the
second option in the Claims data specification form and import the data by yourself using the
Excel import function.) A warning message can appear in case that the selected text file
comprises more than 200,000 lines (records). Due to the MS Office possibilities large files can
take a long time to be processed. If you need to work with large datasets and you do not want
to wait several minutes for the results we recommend you to pre-aggregate the data using
some other software tool. Second, you are asked to specify the number of the row where the
actual data starts. This ensures that only the claims data are imported, without any heading or
other information.

- b
Microsoft Excel Lth

Please specify whether the data (excluding the
Cancel

heading) starts on the first (1) row or another.

For both options you have to respect the pre-specified structure of columns. The complete data
table would be comprised of these columns: Line of business, Claim ID, Occurrence date,
Reporting date, Booking date, Claims payment, Number of paid claims, Outstanding reserve
change, Code and Group. For each row it is necessary to fill in at least the Occurrence date
column and Reporting date or Booking date column. The requirement of filling in the other
columns depends on the choice of the triangle types to be calculated (see the chapter 3.4
Triangles specification). The usual operations with the data are allowed - you can apply the data
filter', change the formatting, delete or insert rows, etc. Before continuing you should delete all
the labels of the columns you have not used. Use the Reset button if you want to clear the
whole table. Once satisfied with the data table, click on the Go to triangles setting button to
continue with the triangles specification (chapter 3.4).

Yt is also possible to filter the data according to the Line of business, Group and Code categories later, directly on
the sheets with calculated triangles. See chapter 3.6.
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3.3 TRIANGLE

The third option in the Claims data specification form, to fill in the triangle, is to be used if you
have the data already aggregated in the triangle form. Selecting this option you will be asked to
specify the dimension of the triangle (in this version only the square matrix is possible to be
processed by the application, i.e. the specified dimension determines the number of rows as
well as the number of columns).

Triangle dimension @

Specify the dimension of the triangle, please. m
(Mumber of rows and columns) -
Cancel

After the click on the OK button a new sheet (UserTriangle) is opened.

Export
Time specification

Valuation date: 12-2015 Calendar|

Period: 1 year

Triangle types specification
Inflati i NO Fill in the data table ‘

Loss ratio: NO

Fill in the data table
Bornhuetter Ferguson NO
Discounting: NO|  Fillin the data table ‘

NO Fill in the data table ‘

Results specification

i
=

Inflation: ‘ Ignoredl

Input triangle specification
Select... CREATE THE TRIANGLES
Mnnetaryl

|

Incremental triangle - inflation ignored
Occurence period Development period Occurence period Development period

PeriodStart PeriodEnd 0 i 2 g 4 PeriodS PeriodEnd 0 1 2 3 4
2011-01 2011-12 2011-01  2011-12

2012-01 2012-12 2012-01  2012-12

2013-01 2013-12 2013-01 2013-12

2014-01 2014-12 2014-01  2014-12

2015-01 2015-12 2015-01 2015-12

You can fill in either the incremental or the cumulative triangle. Your choice has to be specified
in the Input triangle specification form. The second item of this form (Monetary or Count)
determines whether the data in the triangle will be processed as represented in the monetary
or non-monetary units. The forms at the top of the sheet specify the additional parameters for
the triangle. Their structure is similar as for the triangles created form the claims data table and
are described in the following sections (3.4 Triangles specification, 3.5 Optional data and 3.9
Results). After the complete specification of all required data you can start the calculation of

Claims Reserve Calculator User Guide October 2017
Version 1.09 Page 10



—o0

e

required triangles (and summary results) using the CREATE THE TRIANGLES button. To reset all
the input forms and clear all the data in the sheet (both the input and the calculated data) use
the Reset button.

3.4 TRIANGLES SPECIFICATION

On the TrianglesSetting sheet you are asked to specify the time parameters (the valuation date
and the time period for triangle rows and columns) and the types of triangles to be calculated.
In case you choose to calculate any inflation adjusted, loss ratio or discounted triangle you have
to fill in the respective input data (see Chapter 3.5 Optional data).

Time parameters
Time specification

Demo data -
optimal setting

To specify the valuation date you can either choose the date from the calendar or directly write
the date into the cell. The last day of the chosen month is taken as the valuation date no matter

12-2011 Calendar

1 month

CONFIRM NEW SETTING \

which specific day you choose. The difference between the valuation date and the oldest
record within the input data (in the Occurrence date column) has to be greater than the
specified time period’s length. For example, if the occurrence date of the oldest record within
the claims data is February 22, 2011 and the chosen time period is 1/4 year, the valuation
month cannot be older then May 2011 (again, only the respective months are taken into
account, no matter the specific day within the month). This ensures that the development
triangles would be at least of dimension 2 so that a future development estimation is possible.
The time periods to choose from are: 1 month, 1/4 year, 1/2 year, 1 year. You have to press the
Confirm new setting button to make your setting valid.

Triangle types

Triangle types

Number of claims paid out

Number of reported claims

(occurence vs. booking)

Payment triangle

(none / all)

Incurred triangle
(occurence vs. reporting)

(none/all)

Incurred triangle
(occurence vs. booking)

" (none/all)

Inflation ignored

Inflation adjusted

Inflation ignored

Inflation adjusted

" Inflation ignored

' Inflation adjusted

Loss ratio
Discounting
Reins. recoverables

Bornhuetter Ferguson

Loss ratio
Discounting
Reins. recoverables

Bornhuetter Ferguson

" Loss ratio

" Discounting

" Reins. recoverables

" Bornhuetter Ferguson

Claims Reserve Calculator User Guide
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There are five basic types of triangles you can choose from. The first two of them are of the
‘count’ type. In the first triangle (Number of claims paid out) the claims data are aggregated
according to the Occurrence date and Booking date while in the second triangle (Number of
reported claims) the aggregation is made according to the Occurrence date and Reporting date.
To create the first triangle, data from Number of paid claims column in claims data table is
summed up, while for the second triangle, the number of records with a unique Claim ID is
counted within each of the aggregation groups.

The last three triangle types are of the ‘monetary’ type — representing currency units. For all of
them you can work either with the basic (inflation ignored) or the inflation adjusted triangle (or
with both of them). Apart of this choice you can decide if you want to calculate and display the
loss ratio triangles, the triangles with extrapolated values discounted to the valuation date or
the triangle of reinsurance recoverables. You can also choose to prepare the outputs for the
application of Borhuetter Ferguson method. If any of these options is chosen you have to fill in
the respective data (see the next chapter). The triangles’ structure is presented by following
schemes.

Claim payments triangle Reported claims triangle
Booking development period Reporting development period
el =]
% rer::::;tc)ie;:ifm % HimEevar
o 5 reported claims
S payments 8
o Expected number of future @ Expected number of
§ payments for all the § claims to be reported in
o incurred claims o future
Payment triangle (occurence vs. booking) Incurred triangle (occurence vs. reporting)
Booking development period Reporting development period
3 3 Claims payment
3 Claims payment g £
e © Actual outstanding reserve
L&) L]
= = Expected future costs (i.e.
@
g Bt f_uture paymgnts 5 payments and reserve
3] for all the incurred claims o :
S (IBNR + RBNS) 8 booking) for not yet
reported claims (IBNR)
Incurred triangle (occurence vs. booking)
Booking development period
B Claims payment
= +
% Qutstanding reserve change
o
o Expected future liabilities
§ for all the incurred claims
o] (IBNR + IBNER)
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3.5 OPTIONAL DATA

If you want to calculate the triangles of loss ratios or reinsurance recoverables, the inflation
adjusted triangles or the triangles with discounted extrapolated data, or if you want to use the
Bornhuetter-Fergusson method, you have to fill in the respective data into the data tables on
the OtherData sheet. This sheet is opened after a click on any of the Fill in the data table
buttons either on the TrianglesSetting or the UserTriangle sheet.

Premium table

Premium table Calculate premium

Fill in either the monthly premium data (in the left part of the table] or directly the premium values for each occurence period. You can use the "Calculate premium” button to pre-fill the PeriodStart and PeriodEnd
columns, according to the previously chosen valuation date and input claims data.

Year Month Line.of.business Group Code Year-Month Premium| PeriodStart PeriodEnd  Line.of.business  Group Code Premium

To calculate the loss ratio triangles or use the Bornhuetter-Fergusson mehod you have to fill in
the Premium table. In the left part of the table you can fill in the monthly premium data (for
each LOB, Group and Code category) and then use the Calculate premium button to calculate
(by the aggregation of monthly data) the values for all the occurrence periods. Alternatively, in
the right part of the table you can fill in directly the premium values for each combination of
occurrence period and LOB, Group and Code categories — in this case, it is recommended to use
the Calculate premium button to per-fill in the PeriodStart, PeriodEnd, Line.of.business, Group
and Code columns prior to your premium specification (if it has not been automatically filled
yet). This button serves also as a reset for the right part of the table. It is assumed that the
premium values are in the same monetary units as for the claims data.

Inflation rates table

(GHEVTEL NSRS Calculate inflation adjustment factors

Fill in either the yearly inflation rates in the left part of the table {as per annum rates) or directly the inflation adjustment
foctors for each occurence period (see the User Guide for more detoiled specification). You con vse the "Calculate
inflation adjustment factors" button to pre-fill the Period5tart and PeriodEnd columns, according to the previously
chosen valuation date and input daims data.

Year Inflation rate| PericdStart PeriodEnd EdgeFactors Inflation adjustment factors

Claims Reserve Calculator User Guide October 2017
Version 1.09 Page 13



—o0
B

To work with the inflation adjusted triangles you have to fill in the Inflation rates table. In the

left part of the table the first column represents the calendar year, the second the respective
rate of inflation expressed as a per annum rate. The EdgeFactors represent the adjustment
factors from the beginning/end of the respective past/future period to the valuation date. To
the triangle data, the Inflation adjustment factors, calculated as a geometric average of the
PeriodEnd and PeriodStart factors, are applied. More details and the formulae can be found in
the Technical documentation (Chapter 4 of this Guide). To fill in the table, you can either
completely fill in the left part of the table and then calculate the adjustment factors using the
Calculate inflation adjustment factors button or fill in the Inflation adjustment factors directly.
In the second case, use the button to fill in the PeriodStart and PeriodEnd columns. The button
serves also as a reset for the right part of the table.

Discount factors table

Discount factors table Calculate discount factors

Fill in either the yearly interest rates in the left part of the table {os per annum spot rates, valid ot voluation date) or
directly the discount factors for each occurence period (see the User Guide for more detailed specification). You can
use the "Caolculote discount factors"” button to pre-fill the Period5tart and PeriodEnd columns, according to the
previously chosen valuation date and input claims data.

Years to maturity Interest rate |PeriodStart PeriodEnd PeriodEnd discount factor Discount factor
(1] 0%

The discount factors are demanded if you want to calculate the triangles with discounted
extrapolated values. In the left part of the Discount factors table you can fill in the interest rates
(in percent per annum) as spot rates valid at the valuation date. By default, the interest rate
with zero time to maturity is set to 0 %. Use the Calculate discount factors button to calculate
the right part of the table (for the details of the calculation, with respective formulae, see the
Technical documentation — Chapter 4). You can also fill in directly the discount factors for each
time period —in this case, use the Calculate discount factors button to fill in the PeriodStart and
PeriodEnd columns prior to your discount factors specification. The button serves also as a reset
for the right part of the table.

Claims Reserve Calculator User Guide October 2017
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Reinsurance rates table

Fill in either the reinsurance recoverables rates {share of reinsurer on cloims payments) for each occurence period and
Line of business-Group-Code combination. Use the "Prepare the table" button to pre-fill the PeriodStart, PeriodEnd,
Line.of business, Group and Code columns, according to the previously chosen valuation dote and input claims data.

PeriodStart PeriodEnd  Line.of.business Group Code Reinsurance rate

The reinsurance rates are demanded if you want to calculate the triangles of reinsurance
recoverabels. You can fill in the reinsurance rate separately for each combination of occurence
period (defined by PeriodStart and PeriodEnd columns) and line of business, group and code
categories. Use the Prepare the table button to generate automatically these combinations. The
reinsurance rates filled in are applied within the calculation on the basic incremental and
cumulative triangles — i.e. constant ratio of reinsurance recoverables to the basic claim
payments (or reserves value) is assumed.

Claims Reserve Calculator User Guide October 2017
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The structure of the output partially depends on the selected option of the claims data input.
For the data represented as a data table a new sheet is created for each selected triangle type.
For the data input in the form of a triangle the calculations are processed directly on the
UserTriangle sheet. In general, the structure of the output is as follows:

3.6 OuTPUTS

e Results specification form and the summary table of results — see chapter 3.9 Results.

e Pivot table filter — only for the input data in the form of claims data table. Compared to
the data filter possibly applied directly on the claims data table, this filter works
interactively, i.e. all the displayed triangles and the values in the result table are
recalculated with the change or this filter. Adjust the filter and use the Refresh button
to recalculate the results.

e Calculated triangles and average development factors — see chapters 3.7 Output
triangles and 3.8 Average factors choice.

Claims Reserve Calculator User Guide October 2017
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3.7 OUTPUT TRIANGLES

The maximum possible output includes these development triangles, tables and charts (the

abbreviations in parenthesis are used in the formulae in chapter 4, Technical documentation):

e Inflation ignored triangles

O

O O O O O O O O o0 O

Incremental triangle (Bas)
Cumulative triangle (Bas)
Discounted values — incremental triangle (Disc)
Discounted values — cumulative triangle (Disc)
Loss ratio —incremental triangle (LR)
Loss ratio — cumulative triangle (LR)
Reinsurance recoverables — incremental triangle (RR)
Reinsurance recoverabels — cumulative triangle (RR)
Discounted reinsurance recoverables — incremental triangle (DiscRR)
Discounted reinsurance recoverables — cumulative triangle (DiscRR)
Age-to-age factors triangle

= Development factors charts — one with the Development period and

the second with the End of the origin period on the horizontal axis.

= Development factors trendlines chart.
Average development factors table
Age-to-age factors residuals triangle

= According to the origin period

e Residuals charts — one with the Development period and the
second with the End of the origin period on the horizontal axis.
= According to the calendar period
e Residuals chart

e |Inflation adjusted triangles

o Incremental triangle (lA)

o Cumulative triangle (1A)

o Incremental triangle — nominal values (Nom)

o Cumulative triangle — nominal values (Nom)

o Discounted values — incremental triangle (IADisc)

o Discounted values — cumulative triangle (IADisc)

o Loss ratio —incremental triangle (IALR)

o Loss ratio — cumulative triangle (IALR)

o Reinsurance recoverables —incremental triangle (IARR)

o Reinsurance recoverabels — cumulative triangle (IARR)

o Discounted reinsurance recoverables —incremental triangle (IADiscRR)

o Discounted reinsurance recoverables — cumulative triangle (IADiscRR)

o Age-to-age factors triangle

= Development factors charts — one with the Development period and
the second with the End of the origin period on the horizontal axis.
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o Average development factors table
o Age-to-age factors residuals triangle

= According to the origin period

e Residuals charts — one with the Development period and the
second with the End of the origin period on the horizontal axis.
= According to the calendar period
e Residuals chart

3.8 AVERAGE FACTORS CHOICE

The AVERAGE DEVELOPMENT FACTORS table is divided into the three parts. In the first part you
can choose the type of average development factors that you want to apply on the historical
data to get the extrapolation — choose from the Selected option list. All the extrapolated values
as well as the results are calculated directly after your choice.

AVERAGE DEVELOPMENT FACTORS
Selected option Smpl -
Extreme values parameter 1,5

The Extreme values parameter serves as a parameter to identify the extreme values of
(individual) age-to-age factors. The values that are greater/smaller than the selected average
factor plus/minus the respective standard error multiplied by the Extreme values parameter are
marked (with red colouring) as extreme values. There is no effect on the calculated results
unless the (De)lgnore Selected button is used. To ignore the extreme values (or any other), first
the individual factors for which you want to change the ‘ignorance status’ have to be chosen by
the multiple selection of the respective cells. After clicking on the button, the selected cells are
marked by changed interior pattern (criss-cross pattern) and their weights in the General
weights triangle are set to zero. The selection can be cancelled by the Clear button.

[Age-to-age factors - inflation ignored

Occurence period Development period
PeriodStart PeriodEnd 1->2 2->3 3-z4 4-=5 5-=6 6->7 7->8 8->9
2005-01 2005-12 1,11 1,03 1,00 oo 1,00 1,00 1,00
2006-01 2006-12 1,10 1,02 1,00 1,00 1,00 1,00 1,00
2007-01 2007-12 1,11 1,00 1,00 1,00
2008-01 2008-12 1,08 1,02 1,00 1,00
2009-01 2009-12 1,05 1,03 1,00 1,00
2010-01 2010-12 1,07 1,03 1,00
2011-01 2011-12 1,05 1,03
2012-01 201212 1,08
2013-01 2013-12
Clear | (De)ignore selected |

The second part of the DEVELOPMENT FACTORS table is the General weights triangle.

Here you can specify the weights individually for each of the age-to-age factors. These weighs
are applied to all of the automatically calculated average types. By default, all the weights are
set to one. The weights are automatically normalized so that any number can be used here.
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General weights

Occurence period Development period

PeriodStart PeriodEnd 0->1 1-»2 2-»3 3->4 4->5 5->6 6->7 7->8 8->9
2005-01 2005-12 1 1 1 1 1 1 1 1 1
2006-01 2006-12 1 1 1 1 1 1 1

2007-01 2007-12 1 1 1 1 1 1 1

2008-01 2008-12 1 1 1 1 1 1

2009-01 2009-12 1 1 1 1 1

2010-01 2010-12 1 1 1 1

2011-01 2011-12 1 1 1

2012-01 2012-12 1 1

2013-01 2013-12 1

Using the Ignore selected factors button, the respective weights are automatically set to zero.

The last part is the table of calculated average factors and respective standard errors. The first
two average types are calculated from all of the age-to-age factors. The next five average types
take into account only the most recent data — maximum last N (N = 1 to 5) factors from each
column of the age-to-age factors triangle. For the next two average types you can specify the
weight for each row of the age-to-age factors triangle (i.e. for each occurrence period). Using
these weights, the simple and volume weighted average of all the individual factors are
calculated. The last option how to specify the development factors to be applied for the future
values extrapolation is to set the factors’ values directly (the User defined factors option). For
more detailed description of the individual average calculation see the Technical
documentation (Chapter 4). The actually selected average type used for extrapolation is
identified by the yellow colouring of the cells with the factors’ values.

Average factors values and standard errors

Average type 0-=1 1-=2 323 3-md 4-25 5-=6 B-=7 T-=8 B-20
Simple average 2,14 1,08 1,03 1,00 1,00 1,00 1,00 1,00 1,00
Std. error 0,41 0,02 0,01 0,00 0,00 0,00 0,00 0,00

Volume weighted average 2,13 1,08 1,03 1,00 1,00 1,00 1,00 1,00 1,00
Std. error 0,40 0,02 0,01 0,00 0,00 0,00 0,00 0,00

Last 1 factor 1,69 1,08 1,03 1,00 1,00 1,00 1,00 1,00 1,00
Std. error

Last 2 volume weighted average 1,79 1,07 1,03 1,00 1,01 1,00 1,00 1,00 1,00
Std. error 0,11 0,01 0,00 0,00 0,01 0,00 0,00 0,00

Last 3 volume weighted average 1,84 1,07 1,03 1,00 1,01 1,00 1,00 1,00 1,00
Std. error 0,12 0,01 0,00 0,00 0,01 0,00 0,00 0,00

Last 4 volume weighted average 1,80 1,06 1,03 1,00 1,00 1,00 1,00 1,00 1,00
Std. error 0,12 0,01 0,00 0,00 0,01 0,00 0,00 0,00

Last 5 volume weighted average 1,83 1,07 1,03 1,00 1,00 1,00 1,00 1,00 1,00
Std. error 0,13 0,01 0,01 0,00 0,00 0,00 0,00 0,00

Occurence pericd weights - simple & 2,14 1,08 1,03 1,00 1,00 1,00 1,00 1,00 1,00
Std. error 0,41 0,02 0,01 0,00 0,00 0,00 0,00 0,00

Occurence period weights - volume v 2,13 1,08 1,03 1,00 1,00 1,00 1,00 1,00 1,00
Std. error 0,40 0,02 0,01 0,00 0,00 0,00 0,00 0,00

Occurence period
PeriodStart PericdEnd

2005-01 2005-12 1
2006-01 2008-12 1
2007-01 2007-12 1
2008-01 2008-12 1
2009-01 2009-12 1
2010-01 2010-12 1
2011-01 2011-12 1
2012-01 2012-12 1
2013-01 2013-12 1
User defined factors
5td. error
selected option 2,14 1,08 1,03 1,00 1,00 1,00 1,00 1,00 1,00
Std. error 0,41 0,02 0,01 0,00 0,00 0,00 0,00 0,00
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3.9 RESULTS

The summarized results are displayed at the top of the sheet with triangles, below the Results
specification form.

Tail 1,00

Inflation lgnored

In this form you can set the tail factor if you want to apply the same factor for all occurrence
periods. (It is possible to define individual tail factor for each occurrence period — see further).
You can also choose whether the results are calculated from the original (inflation ignored) or
the inflation adjusted triangles. All of these options work interactively, i.e. the results are
recalculated immediately after you make any change in the form.

The complete results consist of the two tables — the upper one with the results presented by
occurrence period of claims and the lower one with the results according to the calendar
period. (The picture below is only illustrative, individual parts are showed below in more detail.)

GEEEEEEEEE!

In the first part of the upper table, the basic results are presented. For monetary triangles, the
discounted values are given in the right part. In the yellow cells, it is possible to fill in the tail
factor values and tail discount factors for each occurrence period. By default, the tail factors are
set equal to the tail factor defined in the Results specification form and the tail discount factors
are read from the table of discount factors, assuming one period delay from the last
extrapolated period from the triangle. The whole tail is assumed to be paid in one period.

No discounting Discounted values
Total Triangle Total
Latest incurred Triangle ultimate Triangle extrapolated Tail factor Tail value extrapolated Total ultimate| extrapolated Tail discount factor Tail value extrapolated
51746 388 51746 388 o 1,00 i) o 51 746 388 i} 0,9991 o i)
51782772 51782772 o 1,00 0 o 51782772 o 10,9962 0 0
52109181 52219 266 110085 1,01 522193 632278 52741459 109981 0,9921 518093 628073
53631336 53753603 122 267 1,01 537536 659 803 54291139 121823 0,9875 530841 652 665
38829525 38922793 93 268 1,01 389 228 482 496 39312021 92595 0,9819 382171 474765
38204 737 38421400 216 663 1,01 384214 600 877 38 805 614 215468 0,9747 374494 589 961
30503 716 31169965 266 249 1,01 311700 577949 31481665 264 490 0,9661 301123 565612
28204 473 29 245 239 1040 766 1,01 292452 1333219 29 537692 1037253 0,9563 279 659 1316912
28275411 31772557 3497 146 1,01 317726 3814871 32090282 3487119 0,9451 300294 3787413
19509 776 46 643 342 27133 566 1,01 466 433 27599999 47109 775 27080323 0,9328 435074 27 515 397
393 197 315 425 677 325 32 480 010 3221 482' 35701 492' 428 808 807 32409 051 3121 ?48' 35 530 799
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The results that are calculated are as follows: Latest incurred value, Triangle ultimate value,
Triangle extrapolated value (nominal and discounted), Tail value (nominal and discounted),
Total extrapolated value (nominal and discounted), Total ultimate value. All the formulae can
be found in the Technical documentation (Chapter 4).

In the second part of the table, similar results are presented for reinsurance recoverables. The
same tail factors are applied as for the basic results.

Recoverables - No discounting Recoverables - Discounted
Triangle Total Triangle Total
extrapolated Tail value extrapolated|extrapolated Tail value extrapolated
o 0 0 0 0 0
1] ] ] ] ] ]
66051 313 316 379 367 65 988 310 856 376 844
73 360 322522 395 882 73094 318 505 391599
35961 233 537 289 498 55557 229 302 284 859
1255998 230528 360 526 125 281 224 696 353977
159750 187 020 346 769 158 694 180674 339 367
624 460 175471 799 931 622 352 167 795 790 147
2098 287 190 635 2 288 923 2092271 1800176 2272448
16 280 140 279 860 16 560 000 16 248 154 261044 16509 238
19488006 1932889; 21420895 19 445 430 1873049; 21318479

The most right part of the upper table provides the results for Borhnuetter-Fergusson method
(available only for monetary data). The first three columns (with yellow background) are to be
filled with the input parameters for the method: Premium (by default, this is linked to the
Premium input table), Prior ultimate loss ratio, Prior ultimate (by default calculated from
premium volume and ultimate loss ratio, but can be also filled in directly by the user). In the
next columns, results are calculated: Cumulative development factors (CDF) from the triangles,
Expected future and Ultimate derived volume.

Bornhuetter Ferguson method
Prior ultimate Expected  Ultimate
Premium loss ratio Prior ultimate Selected CDF future derived
92051450 5% 41423153 1,01 410130 52156518
94 429 106 5% 42493 098 1,01 420724 52203 496
85162 920 5% 38323314 1,01 459429 52568 610
98 107 346 5% 44 148 306 1,01 536536 54167872
94 149 865 5% 42 367 439 1,01 519997 39349522
101 268 262 5% 45570718 1,02 705630 38910367
87092 063 45% 395191428 1,02 715487 31623203
71 307 907 5% 32088558 1,05 1448355 29652828
69 173 055 5% 31127875 1,13 3700461 31975872
140 164 783 5% 63 074 153 2,41 36952980 56462756
932906 758 419 808 041 | 45 873 ?29' 439071044

In the lower table, the same results are presented, only with a different structure — for each
calendar period after the valuation date. Also the relative pattern is calculated. These results
are given both for the basic results and reinsurance recoverabels, with and without the
discounting applied.
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RESULTS per calendar periods

Calendar period No discounting
Triangle Total Recoverables Recoverables
PeriodStart PeriodEnd extrapolated From total Tail value extrapolated From total| from triangle From total from tail Total recoverables From total
2015-01 2015-12 25495 859 8% 0 25495859 71%| 15297515 8% 0 15297515 %
2016-01 2016-12 4643 778 14% 0 4643778 13% 2786 267 14% 0 2786267 13%
2017-01 2017-12 1540 809 5% 522193 2063002 6% 924485 5% 312316 1237801 6%
2018-01 2018-12 328171 1% 537536 865 707 2% 196 903 1% 322522 519424 2%
2019-01 2019-12 225702 1% 389228 614930 2% 135421 1% 233537 368958 2%
2020-01 2020-12 72616 0% 384214 456830 1% 43569 0% 230528 274038 1%
2021-01 2021-12 74784 0% 311 700 386 444 1% 24 847 0% 187020 231 866 1%
2022-01 2022-12 98330 0% 292452 390783 1% 58998 0% 175471 234470 1%
2023-01 2023-12 [ 0% 317726 317726 1% 0 0% 190 635 190635 1%
2024-01 2024-12 0 0% 466433 466433 1% 0 0% 279 860 279 860 1%
Total 32480010 100% 3221482 35701492 100%| 19433006 100% 19323889 21420895 100%
Discounted values
Triangle Total Recoverables Recoverables Total

extrapolated  Fromtotal Tailvalue extrapolated  From total| from triangle  From total from tail recoverables From total
25471672 79% 0 25471672 72% 15 283 003 79% o 15 283 003 2%
4625957 14 % 0 4625957 13 % 2775574 14 % o 2775574 13 %
1528711 5% 518093 2046 804 6% 917 227 5% 310 856 1228082 6%
324084 1% 530841 854926 2% 194 451 1% 318 505 512955 2%
221610 1% 382171 603 781 2% 132966 1% 229 302 362 2659 2%
70779 0% 374494 445272 1% 42 467 0% 224696 267 163 1%

72208 0% 301123 373331 1% 43 325 0% 180674 223998 1%

94029 0% 279 658 373 688 1% 56417 0% 167 795 224313 1%

o 0% 300 294 300 294 1% 1] 0% 180176 180176 1%

1] 0% 435074 435074 1% '] 0% 261044 261044 1%

32409051 100% 3121748 35530799 100 % 19 445 430 100 % 1873049 21318 479 100 %
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The possibility of output export is provided through the Export button that you can find at

3.10EXPORT OF THE OUTPUT

the top of all the sheets with calculated triangles.

Payment triangle Export
(occurence vs. booking)
Valuation date 12-2004

Time period: 1year
Selected aver: Volume weighted

The output export setting form is opened after the click on this button.

Output export setting ﬁ
Export to: | Browse
New sheet name: | Pmntgook

Protect the sheet: ¥

Export the data from 'OtherData’ sheet ™

Activate the new workbook

Cancel |

Here you can choose the file to export the results to. Using the file browser you can either
choose the existing file or create a new one. The other options in the form specify the export
setting. If you choose to protect the sheet, the protection (without any password) will be
applied. It is also possible to export the data tables from the OtherData sheet. In that case the
table values will be copied at the end of the sheet (under all of the triangles). If you want to
check the exported sheet, choose to activate the new workbook. Otherwise the export file will
be saved and automatically closed.
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In this section of the Guide you can find mainly the formulae used by the application, in some

4 TECHNICAL DOCUMENTATION

cases with a little bit more detailed explanation.
4.1 NOTATION

First we have to introduce the notation used within the Technical documentation.

n ... triangle dimension (a number of rows as well as a number of columns);

TrglTypes = {Bas, Disc, LR, RR, DiscRR,IA, Nom,IADisc,IALR,IARR,IADiscRR}

... set of the triangle types;
AvgTypes = {Smpl,Vwtd, Last1, Last2, Last3, Last4, Last5, OccPerSmpl,
OccPerVwtd, UserDefined, Selected} ... set of the development factors average types;
IlorIA = {I1,1A} ... set of the inflation manipulation types (ignored, adjusted);
ResTyes = {OccPer,CalPer} ...set of the residuals types (occurence, calendar period);
{ngrglh =1,..,n; j =1,..,n;Trgl € TrglTypes} ...incremetnal triangles;
{DiTJrgl|i =1,..,n; j=1,..,n; Trgl € TrglTypes} ...cumulative triangles;
{/’1{‘]-|i =1,..,n—1;j=1,..,n—1i;1 € llorlA} ... age-to-age factors' triangles;
{/@I-‘Avg |j =1,..,n—1; I € llorlA, Avg € AvgTypes} ... average development factors;

{6].1'Avg|j =1,..,n—2; 1 € llorlA, Avg € AvgTypes} ...dev. factors standard errors;

{T'-I ,Res

i |i =1,..,n—=1;j=1,..,n—1;1 € llorlA, Res € ResTypes} ...residuals;

{WL-IJ-|L' =1,.,n—=1;,j=1,..,n—1i;1 € llorlA} ...general weights triangles;

{W0cc{|i =1,..,n—1;1 € llorlA} ...occurence preiods' weights;

{P; | i=1,..,n}..premium values;

Ty ... per annum inflation rate for calendar year Y;

IAF; ...inflation adjustment factor for t periods after valuation date(t = —n + 1, ...,n — 1);
IRy ...per annum interest rate (for T years to maturity);

DF; ... discount factor for calendar period i(i = n + 1,n + 2, ..., 2n);

Reins; ... reinsurance rate for occurrence period i (i = 1, ...,n);

{LI; | i =1, ...,n} ...latest incurred values;
{TrE; | i =1, ...,n} ...triangle extrapolated values;
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{TrU; | i = 1,...,n}...triangle ultimate values;
{Tail; | i =1, ...,n}...tail values;
{TE; | i = 1, ...,n} ...total extrapolated values;

{TU; | i = 1,...,n}...total ultimate values;

{TrEiDiSC |i=1, ...,n} ...discounted triangle extrapolated values;
{Taillpisc |i=1, ...,n} ... discounted tail values;

{TEl-DiSC |i=1, ,n} ... discounted total extrapolated values;
{ATail,i |i= 1,...,n} ... tail factors;

{DFTail,i |i=1, ,n} ... tail discount factors;.

{PriorLR; |i=1,..,n}...prior loss ratio for Bornhuetter-Fergusson method;
{PriorUl- |i=1, ...,n} ... prior ultimate estimate for B-F method;
{BFEi |i=1, ...,n} ... expected future amount based on B-F method;

{BFUl- |i=1, ,n} ... total ultimate amount based on B-F method;

4.2 TRIANGLES

The relation between an incremental and a cumulative triangle:

Inflation ignored triangles
Incremental triangle with discounted extrapolated values:
CHs¢ =Cl™ «DF;;i=2,..,m;j=n—i+1,..,n
Incremental loss ratio triangle:
CHR=Cl¥/P ;i=1,..,nj=1,.,n
Incremental reinsurance recoverables triangle:
C{}-R = Cg-as/Reinsi ji=1,..,nj=1,..,n
Cumulative reinsurance recoverables triangle:

RR _ pBas e i Ci
D;i" = Dj; /Reins; ;i=1,..,n;j=1,..,n.
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Incremental discounted reinsurance recoverables triangle:
CHBRR = chB¢/Reins; ;i=1,..,m;j = 1,..,n.
Cumulative reinsurance recoverables triangle:
Dl-l}iSCRR = Dgisc/Reinsi ji=1,..,nj=1,..,n
Age-to-age factors triangle:
My=DiE/DESi=1,..,n=1j=1,..,n—i+1
Residuals:

I1,0ccPer __ 411 all,Selected , . __ L .
UT —Aij—ﬂj ;i=1,..,n—=1j=1,.,n—1i

II,CalPer __ 411 __ 31l,Selected
Tij = Aimjrrj — 4

;i=1,..,n—=1;j =1, ...,1.
Inflation adjusted triangles
Incremental triangle with nominal values:
Clom = Cl *IAF 1 j1y—p; i =1, .,m;j = 1,..,m.
Incremental triangle with discounted extrapolated values:
ClpPle = C[A«DF;;i=2,..,mj=n—i+1,..,n
Incremental loss ratio triangle:
CHR=cli/p;i=1,..,mj=1,.,n
Incremental reinsurance recoverables triangle:
C/HARR = o™ /Reins; ;i=1,..,n;j = 1,..,n.
Cumulative reinsurance recoverables triangle:
D/#RR = Dl /Reins; ;i=1,..,n;j =1,..,n.
Incremental discounted reinsurance recoverables triangle:

IADiscRR _ rIADisc ; = =
Cij = Cif""/Reins; ;i=1,..,n;j =1,..,n.

Claims Reserve Calculator User Guide October 2017
Version 1.09 Page 26



Cumulative reinsurance recoverables triangle:

D/APISCRR = pAPISC [Reins; ;i =1,..,m;j = 1,..,n.
Age-to-age factors triangle:

Al =Dl /Dlfi=1..,n=1j=1.,n—i+1

Residuals:

I1A,0ccP s1A,Selected |, -

i ccer_AIA N electe =1
IA,CalPer /1

ij = M-j+1,j

'l]l 11] 1!""n l’
3IA,Selected
A'

;i=1,..,n—=1,j=1,..,i
4.3 AVERAGE DEVELOPMENT FACTORS

The formulae for average development factors are the same for the triangles with ignored
inflation and with inflation adjustment. Thus, for the simplicity, the index representing the
inflation manipulation is omitted in this section. Where cumulative triangle data are used as
weights, the basic cumulative triangle (Bas) or inflation adjusted cumulative triangle (IA) are
used.

Simple average:

] n-—j
Yiz1 Wij
n—j 2
~Smpl 21 1 Wij AU (/1Smpl)2 — n—1
J Zn_jW 7 '] r
i=1 J

Volume weighted average:

A/ = =1,..,n-1
] - ) ) ) )
Z?:lj Dij Wl]
n-j Y
gywed — Zisi Dy Wy 4y — (W) i =1, n - 1,

Zr:] Dl] Wij
LastN? factors volume weighted average (for N=2, ..., 5):

n-j oW L

JLastN _ Yi—max(in—n) Dij * Wij * Aij .

; = P, 3]
Z. DU * Wij

i=max(1,n—N)

2 Simplified notation for Last2, Last3, Last4 and Last5 average types.
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I Dyj - wyj - A5

~ i=max (1,n—N) Y 3 2.
GLastN — ' — (AL“StN) ;J=1,...,n—1.
] Zn_] D W ]
i=max (1,n—N) ~tJ )

Occurrence period weights — simple average:

n—j
Zi—l WOCCl' . Wij . AU .

iOccPerSmpl — = ] =1 n—1:
j Tl—j . N ) ) ey )
Yi_1 wOcc; - wy;
n-j w12
~OccPerSmpl __ Zi=1 wOcc; Wij /11']' 20ccPerSmpl 2 _
G; = p— — }Lj ;j=1,..,n—1
Zi:l WOCCi ' Wij
Occurrence period weights — volume weighted average:
n—j
30ccPerVwtd __ Zl=1 l ij ij ij.o._ ]
/1j = j=1,.,n—1;

n—j
Zi:l WOCCi : DU . Wij

n-j oD w12
G0ccPervwtd _ Zi=1 wOcc; DU Wij /11]

J

A 2 .
- > > _ (AjOccPerthd) j= 1,..,n— 1.
Y=g wOcc; - Dyj - wyj

Extreme values — an individual age-to-age factor 4;; is indicated as an extreme, if:

Aij ¢ (A]__S'elected — EVP - 6_\jSelected;/1}9elected + EVP- 6_]§‘elected);

EVP ...extreme value parameter.
4.4 OPTIONAL DATA TABLES

Premium

The premium for each occurrence period is simply calculated as a summation of the monthly
premium values for respective months.

Inflation adjustment factors

The inflation adjustment factors (/AF;) are calculated in three steps. First the inflation rate for
each period t (r;) is calculated. Then EdgeFactors (EF;) are calculated from these inflation rates.
For the historical (extrapolated) data, this factor represents the inflation adjustment factor for
the data from the beginning (end) of the period. And last the inflation adjustment factor for
each period is calculated using the geometric average of the factors related to the beginning
and to the end of the period (the inflation adjustment factors for the end of the last historical
period as well as for the beginning of the first extrapolated period is equal to one by default).
To get the analytical expression we consider separately the historical and extrapolated data.
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Let us denote PS; the first and PE; the last day of the t-th time period. Further consider Year(d)
and Month(d) as a functions of date d resulting in the respective calendar year and month (e.g.

Year(2001-03-31) = 2001, Month(2001-03-31) = 3). And last, let T denote the length of the time
period in months (e.g. T = 3 for time period specified as 1/4 Year).

Period inflation rates:

T
Year(PSy) = Year(PE,) = m; = (1 + Tiyear(psy) ™ — 1;
12-Month(PSp)+1 Month(PEy)

Year(PS,) # Year(PEy) =, = |(1+ Tyearesy) (1 + mvearpry) P |- 1L

PeriodEnd factors:
0
EF;, = 1_[(1 +ng);t=-n+1,..,0;
s=t

t
EF, = 1_[(1 +7m);t=1,...,n— 1.
s=1

Inflation adjustment factors:

IAFt:1/EFt’EFt+1;t: —Tl+1,...,—1;
IAF, = JEF, 1;t =0, 1;
IAFt ='\'EFt 'EFt_l;t = 2,...,Tl— 1.

Discount factors

The discount factors (DF;) are calculated in two steps. First, the PeriodEnd discount factors
(PEDF;) are calculated from the per annum interest rates (/Ry) defined by the user. Here the
linear interpolation of the yearly spot rates is used (let /R; denote the interpolated per annum
interest rate). Then the development factors applicable to each occurrence period are
calculated as a geometrical average of the factors related to the beginning and to the end of
the respective period. Regarding the outstanding reserve change the zero duration is assumed,
so that the discount factors for the change in reserve and the claims payment booked in one
period are the same.

Let us denote PS; the first and PE; the last day of the j-th time period. Further consider Y(d) and
M(d) as functions of date d resulting in the number of whole years or months between the date
d and the valuation date (e.g. if the valuation date is defined as 1999-12-31, then Y(2001-03-31)
=1, M(2001-3-31) = 3). And last, let T denote the length of the triangle time period in months
(e.g. T = 3 for time period specified as 1/4 Year).
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12 — (M(PE)) — 12 - Y(PE))) M(PE;) — 12 - Y(PE;)
R; = IRy gy +
12 i 12
i=n+1,..,2n.

Interpolated per annum interest rates:

(IRypey + 1);

PeriodEnd discount factors:

T
PEDF, = (1+IR) Zi=n+1,..,2n
PEDE, = 1.

Discount factors:

DF; = \/|PEDF; - PEDF;_j;i=n+1,..,2n.
4.5 RESULTS

According to the user’s choice the results are calculated either from the basic (inflation ignored)
or inflation adjusted triangles using the same formulae. For simplicity, the index expressing this
choice is omitted in the formulae in this section - assume Bas index for the inflation ignored
option and /A index for the inflation adjusted option (Disc and IADisc indices for discounted
triangle extrapolated values, RR, DiscRR, IARR or IADiscRR for recoverables triangles).

Latest incurred:

LIy =Djp_it1;i=1,...,n.
Triangle ultimate:

TrU;=Dj,; i=1,..,n
Triangle extrapolated:

TrE; =TrU; —LIl;;i=1,...,n.
Tail value:
Tail; = (Arqu; — 1) -TrU; i = 1,..,n.

Total extrapolated:

TEl' = TT'Ei + Taili ;i = 1, e, N
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Total ultimate:

TU; = TrU; + Tail;;i = 1, ...,n.

Triangle extrapolated — discounted:
TrEPS¢ =D, — LI;;i=1,...,n
Tail value — discounted:
Tail?™¢ = Tail; - DFrgy;;i=1,...,n.
Total extrapolated — discounted:

TEiDisc — TT‘EiDiSC + Tal'liDiSC i=1,..,n

Recoverables — Triangle extrapolated:

n
T'I"Ei: Z Di,j ;i:2,...,n.

j=n-—i+2
Recoverables — Tail value:
Tail; = (Araii — 1) *Dip; i = 1, .,
Recoverables — Total extrapolated:

TEl' = TT'Ei + Taili ,'i = 1, e, N

Recoverables — Triangle extrapolated — discounted:

n
TT'EL'Z Z Di,j ;i=2,...,1’l.

j=n-—i+2
Recoverables — Tail value — discounted:

TailP™¢ = Tail; - DFpgy;i =1, ..,n.
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Total extrapolated — discounted:

TEPS¢ = TrEPSC + TailP™¢ ;i =1, ..,n.

Prior ultimate for Borhuetter-Fergusson method:
PriorU; = P;-PriorLR;;i =1, ..,n.

Cumulative development factors from the triangles:

CDF, = Arqu
n—-1
CDF; = Arqir - 1_[ Agetected i =2, ..,n.
j=n-—i

Expected future amount from B-F method:
BFE; = PriorU;-(1—1/CDF;);i=1,..,n.
Ultimate derived amount from B-F method:

BFU, =BFE;+Ll;i=1,..,n
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Basic claims reserving literature:

[1] Faculty and Institute of Actuaries. Claims Reserving Manual. The Actuarial Profession. [Online]
http://www.actuaries.org.uk/research-and-resources/pages/claims-reserving-manual.

Statistical calculations:

[2] Finch, Tony. Incremental calculation of weighted mean and variance.University of Cambidge
Computing Service.[Online]
http://www-uxsup.csx.cam.ac.uk/~fanf2/hermes/doc/antiforgery/stats.pdf
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