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Abstract:

This paper describes the elements of a simulation system used by the authors. A “user manual” approach
is used to describe the elements of the system. A practical sample scenario is used to show how the
system is used in practice.

It is not the authors’ intent herein to discuss in any depth the technical issues involved in selecting the

many parameters involved in a simulation. Rather, we try to show how a system can be used to control
the parameters needed, and also help users analyze and communicate the results to others.
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INTRODUCTION

Over the course of several years, the authors have been involved in many situations where
reinsurance buyers were faced with making a decision between several competing
recommendations for their reinsurance program, often with significantly different structures.
‘We found early on that one of the tools we needed was a simulation system. This paper will
describe the elements of our current system, and the steps we take in building a simulation
and analyzing the results.

Having developed early versions of this system and presented the results to buyers, we
learned much about what buyers, in general, consider important and what they are interested
in seeing when making such a decision. To be sure, there is a wide variation in technical
savvy among the many buyers of reinsurance, but most can understand the usefulness of
comparing alternatives over many possible loss scenarios, the importance of getting a handle
of some sort on the “odds” of favorable and unfavorable things happening, and almost all
appreciate graphical representations of the results.

With reasonable assumptions about the variability of the number and size of claims by line
of business, and with other necessary assumptions needed to mimic the
insurance/reinsurance process, a more complete comparison between and evaluation of the
several competing reinsurance programs can be made (versus single scenario comparisons).
Most buyers understand this as well.

Furthermore, most buyers understand that, although the final simulation averages and
aggregate distributions are only as good as the input assumptions (which are often very soft),
the decision value lies primarily in the comparative analysis that results (i.e., the absolute
values may be approximate/soft numbers, but the indications about whether Option A is
better than Option B are much stronger).

Our original model was a Lotus 123™ spreadsheet, but within the last year, working in
conjunction with a group of professional developers and a major reinsurer, we have brought
this over and enhanced it greatly into a VB/Excel™ system with a graphical user interface,
template libraries for maintaining and controlling simulations, histories, etc. In this paper,
we will describe the elements of this system as well as a practical example of its use.
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SYSTEM OVERVIEW

O

ur simulation system is a 32-bit Windows™ system designed to build and manage the
components of large Excel ™ - based simulation models. The user is guided through the
creation of:

*  Simulation Lines of Business - up to 40 lines, based on up to 40 Input Lines of
Business (when data is available in more detail than needed for simulation),

* Reinsurance Programs - up to three competing programs, made up of up to
15 treaties per program. A default gross = net = “no reinsurance” program is
automatically included, and :

»  Other inputs, as needed, for beginning balance sheet values, Investment and
tax assumptions.

The system presents Excel ™like “patches” to the user in a Windows™ front-end
graphical user interface (GUI) program which also maintains control over every patch
within a given client’s scenario. Multiple scenarios can be maintained for each client,
and the system can control many clients. Patches can be saved for future use in similar
scenarios for this or other clients. The program controls all of this in an Access™
database.

Once the user is satisfied that all inputs are ready, he instructs the program to compile
the Excel™ simulation workbook. Once the workbook is built, the user can view it,
run the simulation or detach the workbaok for use outside the control and management
of the system {for cases where the standard program is not sufficient to describe the
alternatives being compared). The user specifies the outputs he would like to track from
the simulation, the number of iterations, etc. The system then performs the simulations
and records the requested data in another Access™ database. Standard format exhibits
and charts can then be requested from the system, while custom exhibits and charts can
easily be built by the user outside the system.
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-The Client/Scenario Manager

After an initial welcome screen, the system provides the following initial management
window. Clients and their associated scenarios are managed from this window. All
sample screens that follow are taken from the “CAS Sample Scenario” developed for the
sample “Multi-Line Insurance Company” for the purpose of providing a working
example for this paper.

: 3/21/97 4522.. Yes
RYZ Inswance Company CAS Sample Scenario 3421797 4515, Yes

A standard GUT interface for management of client and scenario properties allows users
to build and control multiple scenarios for many clients.
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Scenario Manager

This is the place most of the work is done. The major operations available from the
scenario window are to Navigate and Change the Scenario Structure, View and Edit a
Wizard Sheet, Recalculate the Scenario, Access the Template Library, Perform a
Simulation, Print Reports, and Chart Results.
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The major parts of the Scenario window follow:

» Menu bar

» Toolbar Buttons

»  Navigation Tree

The navigation tree is used to view and manipulate the entities of a scenario.
With this, a user can add lines of business and reinsurance programs with
their respective treaties.
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»  Navigation Tree Elastic

The navigation tree area stretches to show more of the entity names or
shrinks to show more of the data entry area (see below)

»  Wizard Tab
Clicking this Excel ™ - like tab displays the corresponding wizard sheet.
»  Data Entry Area

Gray background regions of this area cannot be modified. Only the white
regions can be edited.

»  Formula Bar
»  Scratchpad Elastic

The scratchpad elastic allows the user to resize the viewable area of the
scratchpad, and in conjunction with the navigation elastic allows the user to
customize his view of the workspace

» Scratchpad Area

This is an Excel ™ - like spreadsheet on the right-hand side of a wizard sheet.
This area is used to perform calculations which can be referenced from the
Data Entry Area. A sample screen showing the scratchpad follows.

Navigate and Change the Scenario Structure

The structure of the current scenario can be viewed and altered from the navigation tree
on the left-hand side of the Scenario window. This structure can be modified by
manipulating its parts, which are also known as entities; the Client/Scenario entity, the
Financial Assumptions entity, the Lines of Business entity, which in turn contains Line
of Business entities, the Reinsurance Programs entity, which in turn contains Program
entities, which in turn contain Treaty entities.

When an entity is added to the current scenario, a default set of worksheets is provided. The
principal functions here are to Add a New Line of Business (LOB), Add a New Program,
Add a New Treaty, and Show an Entity Wizard.
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Risk Function Wizard

To allow the user to model 2 number of familiar frequency and severity models, we have
built into this system the functions in the Excel ™ add-in called @Risk ™ which provides
easy access to many of the functions used by property/casualty actuaries.

Since the spreadsheet-like features available in the front-end are not Excel ™ but rather
an Excel-like VB component, the @Risk ™ add-in does not currently operate in this

front-end. The default value displayed is the mean of the function. For more elaborate
functions, the user can detach the workbook and work outside the system. (see below)

The Template Library

The application contains a storage area called the Template Library. The Template
Library is used to store and retrieve wizard workbooks and wizard sheets. This facility
allows the user to reuse wizard workbooks and sheets,

Perform a Simulation

The user can Build and Display the Simulation Workbook, and Run Simulations from
the Scenario Window. If the user is satisfied with the workbook built from his inputs, a

User-defined fields are fields that the user wants to capture but are not available in any
of the built-in selections, yet are items of special interest in carrying out the current
work. They are available only in “detached” workbooks. Workbooks are detached in
cases where the system’s standard features are not sufficient to completely describe what
the user would like to test (such as very unique treaty terms).
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Print Reports

Once simulation has been performed, the Print Reports dialog can be invoked. The
user can print summary reports for each line of business, program, and treaty in the
current scenario.

; t Bepm
Lines Of Business
sf Auto Physical Damage
+f" All Other Property
v Property Catastiophes
v Al Liabiity
Reinsurance Programs
v~ No Reinsurance
v Cusnient Reinsurance
v~ Cunent Casualty 1st Excess
" Cunrent Casualty 2nd Excess
v Curtent APD Quota Shate
v~ Cunent Property Excess
\f Cunent Property Catastiophe Excess

v~ Recommended Reinsurance
¥ Recommended MuliLine Excess
v Recommended Property Catastrophe
v Recommended Aggregate Excess

For each line of business and reinsurance treaty, there are two summary reports: a
Statutory Underwriting Income report with the average underwriting results for the
simulation, and a page of Highlights that shows averages, maximum and minimum
values for several key variables of interest.

In addition, for the Overall Gross reporting level and the Net results for each
reinsurance program, there are three reports: First, there is the Statutory Income
Statement report, including investment and other income. Also, an extensive Highlights
page gives averages, maximum and minimum values for key items at the Ceded and Net
levels, and a Statutory Average Balance Sheet report that shows average levels of several
asset and liability classes for the run.
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Chart Results

Several standard charts are available. The system itself generates some default chares that
can be modified, printed or deleted by the analyst. The user can also develop new
custom charts of each type within the system to compare results of reinsurance
programs, treaties or lines of business.

“Green is Good, Red is Bad” Charts:

“Red/Green” charts allow the user to compare the results of two reinsurance options
over the whole range of outcomes for a simulation, and especially to determine the type
of loss scenario in which one alternative does a better job of meeting the insurer’s
objectives than another. Each chart focuses on one particular variable, such as ceded or
net underwriting profit, after-tax income, year-end surplus or any quantity that has
importance in the evaluation process. The idea behind the Red/Green chart is simply to
find the difference between the values of that variable for the two programs, determine
whether a positive difference is better or worse for the cedant, and to plot green points
when the first alternative is better and red ones when it is worse. The more green points
that appear, the more often the first program comes out better.

Histograms:

Histograms show the non-cumulative distribution of some variable of interest for the
given reinsurance programs, or for selected lines of business or treaties, either as
frequencies or counts. In some cases, these will be the roughly bell-shaped curves that
are often encountered in insurance statistics. The definition and interpretation of these
charts is fairly easy to grasp. Cumulative versions are also available.
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Other Variability Charts:

Charts showing the year-to-year change in key percentile values are also available. These
charts help the user see the variability of any selected output item in another fashion,
which some users find very helpful.

Other Charts:

Other charts are produced by the system or are in development, which help the user
express himself, analyze the output more easily, explain results and communicate to
others more conveniently.
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HIGHLIGHTS OF THE INPUTS

his section is organized by input wizard tab much the way the system inputs would be
entered. Highlights only are provided in this paper.

CAS Sample Scenario

To illustrate the use of the system, we have included a scenario called the CAS Sample
Scenario for a client called the Multi-Line Insurance Company. See more details about
this sample scenario in a separate section below.

The system provides a Test Layer capability to allow the user to test a particular excess
of loss reinsurance layer to find out how many claims and loss dollars to that layer are
expected from each of the subject lines of business. This helps in checking the aggregate
effect on reinsurance layers of size of loss distribution selections for the various lines of
business as well as other aspects of the excess layer, all while still in the front-end system,
before any simulations have been attempted.

Financial Assumptions are entered in two tabs: Balance Sheet Assumptions, and Cash
Flow Assumptions. The system is focused on the underwriting side of the business. It
has extensive inputs for product lines and treaties - the driving assumptions for gross,
ceded and net results,. However, the system builds complete income statements,
including investment income, and balance sheets for each reinsurance program. The
investment and cash flow assumptions are intentionally simplified, so they will not be a
major source of questions/issues for clients, and thereby cloud the insurance/reinsurance
underwriting result discussions. As a result of client requests for additional
functionality, enhancements to the system in the asset and tax areas will be made.
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Lines of Business

There are six tabs in this section: Input Lines of Business, 1st Year Sim Lines Premium,
st Year Sim Lines Exposure, Simulation Line Properties, Premium and Exposures
Summary, and Test Layer Summary. We will only highlight key tabs for this paper.

From our experience, the data we obtain is usually in more detail than we need for
simulation purposes. The user can enter the detail available, and then map the detail to
Simulation Lines. If the user has already combined data outside this system into the
desired Simulation Lines, then the mapping will simply be one-to-one. Of course, there
are also cases when we want to split an input line into more than one simulation line
(e.g., Homeowners to property versus casualty). This facility is helpful in such cases.

- Al Qither Property

v Property Catastiophes

V' AlLisbily

Roinsusance Propans

3 "~y" Cutenl Reinauonce I
f" Curment Casuaky 13t Exc

"5 Curent Casuly 2nd Excs

1" Custonl APD Quotz Shave|

Once the user has completed the Input Lines sheet, he begins to enter Simulation Lines.
New lines are entered by right clicking the mouse when on the Lines of Business
navigation tree item and responding to the dialogs presented.
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Once all Simulation Lines are entered, the user visits the 1st Year Sim Lines Premium
Tab and the 1st Year Sim Lines Exposure Tab. These two tabs are identical in structure
and have the role of allowing the user to allocate the Input Lines’ premium and exposure

to the selected Simulation Lines, keeping track of the total allocations, and posting the
results to the appropriate Simulation Lines.
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Individual Simulation LOBs

There are nine tabs in this section: Exposure, Rate and Premium, Expenses, Limit
Distribution, Payout Pattern, Payout of Existing Loss and LAE Reserves, Size of Loss
Distribution, Losses Below Cutoff, Claims Above Cutoff, and Loss Expectations. We
will show here only the last four relating to key loss assumptions.

Size of Loss Distribution Tab

Lt i R L D]
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Here the user enters the loss sizes and CDF by year for the given LOB. While this
example seems to mimic the ISO 5 parameter Pareto model, it is not correct to consider
it a continuous model. The size of loss distribution is entered as a discrete distribution,
and all of the possible loss sizes in the simulation run will come from the list of values in
the first column of the table. There is no interpolation in sampling and no attempt to
determine an interval mean in computing the key expectations used elsewhere in the
model. The averages and variances of the simulation results depend on the loss joints
that are selected in the size of loss distribution, so these must be chosen carefully.
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Losses Below Cutoff Tab

- Cument Rewnwarance
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The cutoff value is the point in the size of loss distribution at which the model will
begin to simulate individual claims for the given LOB. The lower the cutoff, the larger
the number of claims the model will individually simulate.

On this tab, we enter the cutoff point, the expected number of claims for each year, and
the risk model assumptions we wish to use to simulate the number and average severity
of claims below the cutoff. The sample uses a mixed Gamma/Poisson to simulate the
number of claims below the cutoff. This procedure is discussed in the Heckman-Meyers
paper, “The Calculation of Aggregate Loss Distributions from Claim Severity and Claim
Count Distributions” (PCAS LXX, 1983, page 22ff). In addition, a censored and
truncated Normal random variable with a mean of 1.0 is used to modify the severity
below the cutoff that is used to compute the aggregate loss level. The user can easily
specify other claims processes using other Excel ™ functions, @Risk ™ functions, or
even a constant set of claims with fixed amounts.
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Claims Above Cutoff Tab
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This tab is analogous to the previous tab, except that it regulates the simulation of claims
above the cutoff point. When the simulation workbook is compiled and the simulation
is run , the actual size of a simulated claim is chosen from the table in the Size of Loss
Distribution tab. The sample uses 2 mixed Gamma/Poisson distribution to simulate the
number of claims above the cutoff, but again, the user can specify other processes.

The parameters and claims process chosen here form the heart of the individual large
claim simulation done by the model.
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Loss Expectations Tab

The Loss Expectations Tab for each LOB brings together the inputs from the previous
tabs and allows the user to make a preliminary review of the results that can be expected
from the user’s premium, loss frequency and severity assumptions. If care has been
taken to preserve the integrity of the means from the severity distribution in the Size of
Loss Tab, the results shown here should be a reasonable benchmark for checking the
outcomes of the simulation runs. The averages that appear on the final reports from a
simulation should come fairly close 1o the values shown on this tab.
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Reinsurance Programs

In this system, a program consists of up to 15 treaties. Up to three programs can be
compared simultaneously. For example, the user might be comparing the Current
Program to a Recommended Program and to a Competitor’s Program. The final output
would have results of the simulation for each of these three programs plus the default
“no reinsurance” or gross = net program.

The system does not accommodate facultative reinsurance. However, to reflect broad
b

assumptions about “fac”, a user could enter facultative covers in bulk as a treaty, with

pertinent, broad assumptions.

A treaty is created with a special dialog. In this dialog the user selects the generic treaty
type that best matches the treaty. This affects the way that losses and premium are
accounted for in the treaty. If the subject premium base is earned premium, the user
simply selects that option and moves on. When the subject base is written premium,
there is an additional check box the user may select to specify whether there will be a
transfer of the subject beginning unearned premium reserve at the start of the first
simulation year. The method by which the treaty subject premium is calculated (which
treaties inure to this treaty’s benefit, etc.) can be specified by checking the inuring
treaties in an extension of the standard dialog. Another dialog is used to specify the
LOBs that are subject to each of the treaties.
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Treaties

At the treaty level there are five tabs: Treaty Terms, Ceding Commissions, Excess

Treaties, Payout Pattern, and Payout of Existing Loss & LAE Reserves. Sample tabs
are highlighted below.

Treaty Terms Tab

The Treaty Terms tab gives the user the context in which all of the rest of the
calculations for the treaty operate. The heading area tells the user the program and
treaty names, the type of coverage provided by the treaty, the subject base, and the
subject calculation, which tells the user if there are inuring treaties.
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Ceding Commissions Tab

5

T

s
s

This is the location for entering data and/or formulas that spell out the terms of any
applicable ceding commission or profit commission, whether it is implemented as a flat
commission, a sliding scale or custom-designed plan. We will not go into this in any
detail here.
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CAS SAMPLE SCENARIO

Input areas covered in the previous sections give the reader a broad overview of the types of
inputs and manner in which the many inputs needed to perform a complete simulation are
entered. In this section we go into a bit more detail concerning a particular sample.

Note: Rather than populate an appendix with dozens of reported results from our system,
we will send a copy of a section showing the individual line of business assumptions, output
exhibits, treaty results, etc., to any reader who calls or writes us for a copy. These give the
reader all the basic assumptions needed by line, treaty, etc., as well as key output.

Lines of Business in Sample Scenario

In the CAS Sample Scenario, we show a multi-line insurance carrier that is involved in
over a dozen lines of business. We have segregated the overall book of business into
four simulation lines, to simplify our sample. In a real-world case, we would separate
lines based largely on their loss characteristics and reinsurance treatment (lines must map
into treaties properly, and significant size of loss differences would be recognized).

The simulation lines in our sample are Automobile Physical Damage, All Other
Property, Property Catastrophes and All Liability. All of the individual input lines
were included on the Input Lines of Business tab, but the premium and exposures were
allocated to the simulation lines (in the 1st Year Sim Lines Premium and 1st Year Sim
Lines Exposure tabs). See the section above titled “Lines of Business.”

The Property Catastrophes line serves a unique purpose in this scenario. It’s there to
generate losses for the Property Catastrophe treaties in the reinsurance programs. No
premium is assigned to this line of business. The Property Catastrophe treaties will pick
up losses from this line of business, while their subject premium comes from the other
lines that are specified as subject to the treaties in the Treaty Subject Lines tab for each
Program. There can be several such “lines” if needed. In the sample scenario we have
assumed that recoveries from the current risk excess would not materially affect the
SOL distribution for property cats. If we knew that the distributions differed, we could
reflect these differences in the system. Size of loss distributions obtained through a
portfolio analysis using one of the several commercially available catastrophe models can
be accommodated by the system using one or more Property Catastrophe lines of
business.
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Reinsurance Programs Used for Sample Scenario

‘The Multi-Line Insurance Company has a Current Reinsurance Program that consists of
five treaties: 1st and 2nd Casualty Excess treaties, a Property Risk Excess treaty, an
Automobile Physical Damage Quota Share, and a Property Catastrophe Treaty.

We will assume that there is a proposal for an alternative structure under consideration
which we call the Recommended Reinsurance Program, and that other programs may
have been considered and rejected, leaving these two alternatives. The Recommended
program consists of only three treaties: a Multiline Excess treaty, a Property
Catastrophe treaty and an Aggregate Excess treaty.

The key terms used for the Current Program were:

1* Casnalty Excess: 100% of $750,000 xs $250,000; ALE included, Swing rated 4%/15%
loss load 100/85ths

2nd Casualty Excess: 100% of $4 mill. xs $1 mill.; ALE included, Flat rated 6.23% with
35% ceding commission

APD Quota Share: 40% with 30% ceding commission

Property Excess: 100% of $4,800,000. xs $200,000; ALE included, Flat rated 3.41%

Property Catastrophe: 95% of $47 mill. xs $3 mill., Flat rated 15.7%. No reinstatements.
The property excess inures to the benefit of the cat treaty, but we assume that the
benefit to the catastrophe excess of the inuring treaty is negligible.

The key terms used for the Recommended Program were:

Multi-Line Excess: 100% of $4,650,000 xs $350,000; ALE included, Flat rated 12.3% with
35% ceding commission. Also features a profit commission of 50% after 20% reinsurer
expenses, adjusted at the end of 3 years with a deficit carryforward.

Property Catastrophe:  95% of $77 mill. xs $3 mill,, Flat rate 18.1% One free
reinstatement.

Aggregate Excess of Loss Ratio: 95% of 20% xs 77%, Flat rate 1.20% with a 35% ceding
commission and 25% profit commission after 20% reinsurer expenses, adjusted annually.

As you can see, there are significant structural differences between the two programs.
The first provides coverage closer to the ground while the second provides larger and
broader catastrophe and “worst case” coverage.
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Setting up the Scenario

There are a variety of reasons that buyers seek a change in their reinsurance: saving
money (which means different things to different people}, adapting coverage to their
current mix of business, changes in management, problems with current reinsurer(s) or
broker, or changes in strategic direction, goals, or appetite for risk. In today’s
reinsurance marketplace, many buyers want to redesign their reinsurance to reduce
cessions, simplify administration, broaden protection, and protect earnings.

In our example, Multi-Line Insurance chose to assume more risk down low to pay for
more property catastrophe limit and an aggregate stop loss. They increased their
working cover retentions and canceled the quota share. Under the current program, the
company cedes about $33 million, while the new program calls for a cession of $26.5
million.

After all of these changes, is the new structure a better way to manage risk than the
current program? Is either better than no reinsurance at all? When is it better? How
often? These questions led to the use of simulations to provide better information to
evaluate the alternatives.

Which Program is “Better?”

Buyers come from many different points of view when deciding between competing
programs. Some focus on the amount of ceded premium, some base decisions on
historical “what-if's” (running competing proposals through several actual prior years of
losses), some rely on estimates of average ceded underwriting profits, others on estimates
of total ceded profit (including investment income), and some focus on worst case loss
scenarios. Simulation models can provide this information and enhance it by providing
insights into the effects of variability, giving estimated odds for profit and loss levels.

The key issues buyers usually focus on initially are ceded premium, expected ceded
profits, and the variability and magnitude of worst cases in their net results. We will
highlight these items for the comparison at hand.

One straightforward approach is to look at the average, maximum and minimum levels
of ceded underwriting profit, total net income and surplus for each of the alternatives:
No Reinsurance, the Current Program and the Recommended Program. All of these
values are displayed in the Simulation Highlights report produced by the system for
each of the programs. Copies of these exhibits follow.

The first year averages are fairly typical of the differences between the programs under
review. Average net income and ending surplus were highest for the No Reinsurance
option, of course, followed by the Recommended and Current Programs, respectively.
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Under the Recommended program, the ceded profit is $850,000 better and total net
income $500,000 better than in the Current program.

Next, we note the minimum and maximum values for each of the alternatives. For
surplus and net income, the maximum values are seen in the No Reinsurance alternative,
as we would expect The minimum values from the simulation for net income are
negative for all options, but the Recommended program has much smaller worst case
losses due to the stop-loss. In both the No Reinsurance and the Current program, the
worst case net losses exhaust the company’s surplus, leaving a negative balance in all but
Year 6 (2002).

Naote: We “allow” negative values in surplus and invested assets (which behave like loans)
in standard set-ups, but the system can easily handle defined constraints on behavior. In
more elaborate runs we would define the decision rules appropriate to the case.

Before either of these alternatives is selected, the buyer needs to determine the frequency
of losses of that magnitude to be sure that the probability of such huge losses is
sufficiently remote to assume the risk.

What is the return time for a loss that would cause a given level of reduction in surplus?
Equivalently, are the odds of such a loss equal to 1 in 10, 1 in 20, or more like 1 in
1000? This will help determine the level of risk involved in keeping these losses net.
The chart on the next page illustrates the probabilities of losing XX% of surplus in any
year in the Simulation Years 1-6 for each of the reinsurance alternatives.

As an example of the useful nature of this chart/table combination, consider the
probability of having a net loss in surplus: 7.8%, 8.7% and 6.4% (1 in 13, 12 and 16) for
the No Reinsurance, Current and Recommended cases, respectively. At a 5% reduction,
the odds are 1 in 18, 25 and 909. There are no surplus reductions worse than 10% for
the Recommended Program. Coming from another direction, the 1-in-100 loss (1.0%
probability) would result in a loss of surplus of 40%, 21%, and 3.5%, respectively. Note
that these probabilities are not just single year probabilities. If the reduction in surplus
occurs in any one of the years, it is counted in the totals in computing the probabilities.
This is a practical result, since regulatory concerns would be triggered immediately.
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From this chart it is clear that the Recommended Program is the best at arresting
runaway losses from catastrophes and other sources of high aggregate loss levels. We did
not model other high severity issues such as Clash, ECO/XPL or runaway ALE in this
analysis. That would have made matters somewhat worse in the Recommended
program, but far worse for the Current program, which has little or no provision for
these exposures. Most of the losses would go right to the net. Even without these, there
are significant probabilities of disastrous depletion of surplus under the Current
program.. If the full spectrum of results from the simulation had been displayed on this
chart, the No Reinsurance line would stretch to -140%, and the Current line would tail
out to about the -120% level. Investors and regulators would be dismayed by far smaller
losses of capital than these. This is why we stop the chart scale at a -50% reduction, even
though greater degrees of impairment may be possible.

While we ‘are considering the odds of observing certain values of interest to the
reinsurance buyer, we can look at their distributions using charts available in the system.
First, we will consider the non-cumulative distribution of surplus in Simulation Year 6.
The non-cumulative “histogram” view gives another dramatic illustration of the
reduction in variability achieved. The nearly bell-shaped curves just stop dead at a
certain point for the Recommended program, while the other options have rather
pronounced tails that stretch well into undesirable values.
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At the low end of the scale, the text box provides a “zoom in” look at the frequencies.

Ending Surplus - Year§
Comparison of Altamatives

14%

1

Leftmost Zoom Resuliy
Corvant Pragears  Ree'd Progrem

12% |

10% -

8%

Frequency

6% |

4%

2%

k

0%  debmimied

307286309 3. R
319,903,584 . ‘

¢ ¥ E¥EcgReIRILIEEESE L EEEE
T EB 83§ €3s g eegsiaiggRE BB
~:'a‘s‘xss’sgggg&ﬂﬂg‘sgggggg,gggi
T e T

—e= No Reinsurance —=Rec'd Program ~—Current Program |
i

The fact that the two reinsurance program net results reach their modal and mean values
at lower surplus levels accentuates the reinsurance buyer’s dilemma: Buying reinsurance
over time causes a reduction in net worth due to the net costs involved (accumulated
ceded profits) in exchange for this “tightening” of the tail(s) of the curve. The same idea
is expressed by the differing slopes of the curves in the cumulative distribution graph.
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Having looked at the best and worst cases, and evaluated some empirical probabilities,
we now will want to compare the programs head to head, as if each trial were a horse
race. This is the concept behind Red/Green charts, which compare pairs of programs
based on the sheer number of trials for which one program has a better result than the
other. “Better” is defined by the user - in this case a program is better when the
difference between net after-tax income is positive. All green markers are above the x-
axis, all red markers are below.

Evaluating a Red/Green chart is easy when it is almost entirely filled with Green
markers, especially when they are in the places where they should be Green (i.e. — where
the need for reinsurance protection is greatest). We refer to the decision between the
alternatives in such a case as a “slam dunk.” When the decision between two alternatives
is a “slam dunk,” one of the alternatives is better than the other in almost every case. As
long as the Red dots appear in relatively low-impact areas, the decision between the two
programs is fairly easy. We have seen such comparisons in practice. It makes the
decision between the two alternatives simpler. The decision in this sample is by no
means a “slam dunk,” but it is helpful to evaluate it using Red/Green charts nonetheless.
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Comparison of Year 1 Net After Tax Income After 4000 Iterations
No Reinsurance vs. Current Reinsurance
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Note that this chart is filled with Red dots, yet the company saw fit to buy this program
for years, primarily because the Green markers are “in the right places.” That is, when
the total gross loss ratio was greater than 66%, and especially as the loss ratio breaks into
the 90% range and above. In the worst years of gross loss experience, the Current
program can have a net income benefit of $20-$25 million. At the lower end, the
premium is weighing down the program, so that total income is as much as $10-$12
million worse than it would have been had there been no reinsurance at all.
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Now let’s see how the Recommended program compares with No Reinsurance.

Comparison of Year 1 Net After Tax income After 4000 iterations
No Reinsurance vs. Recommended Reinsurance
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The Recommended program fares better, but it still comes out worse in 3,427 trials out
of 4,000. Note, however, that the size of the potential benefit to total income in the
worst years has a far wider range than in the Current program, up to $110 million in the
most extreme case. Any reinsurance program may look unattractive in the good years,
in which there is a large amount of ceded profit. But, this program is a good example of
what happens with high risk cessions - when reinsurance is needed, it delivers.
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Let’s now zoom in on the 500 trials with the worst gross loss ratios to get a better look
at what is happening in that range.

Comparison of Year 1 Net After Tax Income: Zoom Leftmost 500
: .Ne lirarice vs. Recommended Reinsurance
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Here, we find the lion’s share (411 of the 573 trials} of the Green markers from the full-
spectrum Red/Green chart above. Most of the cases in which the Recommended
program “wins” are in years when the gross loss ratios are above 80%, as you would
expect given the stop-loss. One might be tempted to suggest that the company buy only
the stop-loss, but the realities of the market are such that stop-loss reinsurers require
acceptable working cover and property cat protections underneath them.
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Next, we compare the Current and Recommended programs (Green means
Recommended is better).

Comparison of Year 1 Net After Tax Income After 4000 Iterations
Current Reinsurance vs. Recommended Reinsurance
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It appears that the Current program wins a majority of the times in head-to-head
comparisons with the Recommended structure, but when the gross loss ratio breaks the
95% level, the Recommended program begins to shine. In the most extreme cases, there
are clumps of cases where the benefit is $20-$40 million, from the extra property cat
coverage mostly, and a handful of very large differences of between $40-$90 million
when the extra cat cover plus reinstatement cover plus the aggregate all come to bear.

While this situation does not result in a simple “slam dunk” superiority between any of
the alternatives, we believe the buyer will continue to buy reinsurance as a result of this
analysis. The direct underwriting assumptions here are fairly optimistic, but we still
have enough loss potential from property catastrophe shock losses and/or high loss
frequency in the various lines of business to create very unfavorable experience, as we
have seen.

Another means of looking at the variability of total income (say) from the reinsurance
alternatives at various gross loss ratio levels is a chart we call the “wiggle chart.” This is
not yet another probability chart per se, but a graphical display of the range of values of
after tax income for each alternative at every observed value of the gross loss ratio. The
picture really highlights the benefits of the Recommended program, and speaks for itself.
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Varlability of After Tax Net Income by Gross Loss Ratio
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As can be seen from the wiggles for the No Reinsurance and Current options, in the
years with the worst gross loss experience, the bottom seems to drop out from under
both of these alternatives. While the Recommended program also experiences some
bumpiness at the top end, the combination of the extra property cat limit and
reinstatement plus the stop loss have limited the damage to the company’s balance sheet
to a far greater degree. This picture depicts the impacts to the buyer very clearly.

The final chart series of interest to us allows us to look at year by year variability of a
single quantity, after tax income in this case, over the whole six-year time span of the
simulation. Note that this is a series of three charts - all with the same scale - which
depict a number of user-selected percentiles that allow a side by side comparison of the
variability.

This display allows a buyer to see how reinsurance alternatives work to control
variability over the 6 simulation years by watching the spreading arms of the pairs of “1
in N” percentile lines (the pairs of lines representing the 100(1/Nth) and 100(1-1/Nth)-
percentile values for each year), which resemble confidence intervals for the mean at
various confidence levels. Again, this is easier to see in the pictures. By now, we can see
thar the Recommended program is the best choice for controlling the variability of net
income, so we would expect the differences between its “1 in N” values at each end of
the range of values to be the narrowest. The Current program is anticipated to come in
second, and the No Reinsurance case will establish the maximum and minimum points
on the scale for the whole series.
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That is exactly what we see in this chart series:

All Lines; After Tax Net Income ; No Reinsurance

1
Maximum w0000, eo7 1988 %99 2000 2001 2002
——09.8% oaege0
29.0% 480,000,000
—--98.0% $40,000,000
—90.0% ;(: $30,000,000
———50.0% % s
ra—Average £ waoooo00)
o 10,0% =
© $40.500000}
- 2.0% Q s180,500,000)
e ,0%
0.2% $(80,000,000)
- Minimum $(100,000,000)
${120,800,600)
1997 i) 200 2009 2802
1 in 4,000 Maximum § 37574008 3 43,337,288 & 35,553,430 3 4,417,780 81,900,838 § 78,223,376
tin 7500 0.8% 5,075,184 38,012,744 46.080.558 52,000,184 88,815,108 88,155,844
1 m oD #9.0% 32,384,098 38,207,976 41,304,300 48,088,160 54,145,920 82,188,238
tin 80 0.o% 30.307,580 33,582,408 39,008,708 45,811,938 52,334,308 80,088,832
T 10 BC.0% 25,238,834 28,288,200 [ENILE 48,939,232 45,832,700 2,128,882
50.0% 15,481,841 17,073.850 22,154,804 26,341,288 32,150,488 28.010.518
Awnage 12,677,444 14,845,312 18,043,924 23,252,894 20,189,177 34,768,396
1m0 10.0% (198.847) 937,030 2.507 588 5,197,078 10,599,480 14,711,838
1 S0 2.0% (15,400,872) (31,383,979 [35,37¢.088) {28.980.272) (28,044,230) (18,363,820)
1 100 1.0% (48,285,472) {45,850 820} (42,384,084} {38.557,440) (34,998,400) {30,335,032)
1 500 0.2% {70,583,232) (83,483 880) {70.011.432) 43,792,508} {55.080,808) {80,079,312)
1 In 4,000 Minimum {118,856,058) (87,632,008) {104.080.928) 163.558,720) {81,914 ,260) (90,321,380}
Bkewnwss 28m (2.48) @33 (187 {1.88) (.81
Std. Dev. 14,044,933 14,220,510 15,718,818 16,428,207 16,583,034 17,873,332
Sid, DeviAg 110.79% 97.14% B3 70.85% 57.84% 50,
All Lines; After Tax Net Income ; Current Reins
Maximum 1997 1998 1999 2000 2601 2002
$80,000,000
e §9.8%
—~— 0% $e0,000.000
«-98.0% $40,000,000
——90.0% = $20,000,000
—-50% 3 s
~—Average £ siz000n,000}
- 10.0% =
© $40,000,000)
-~g=2.0% (=1 6,
—10% #60,000,009
0.2% $(80,000,000)
-~ Minimum (100,000,000}
${120,000,000)
Percantiles 1997 plii] 2000 2001 2002
1 in 4,000 3 28308234 § 33,335.330 § 42415284 % 42811034 § 44,852,244 § 55,283,380
1 ia 500 20,007,758 26,182,838 23,759,504 38,153,000 41,958,044 47,687,678
4 in W0 23,380,188 24,784,000 28,748,182 33,804,388 38,218,398 43,713,884
1in 50 21,744,742 23,447,400 27372988 31,888,580 38,282,208 41,034,440
3 10 17,228,382 18,870,728 22,078,888 25,900,880 30,597,364 35,239,138
50.0% 8111879 #.331.227 12,301,943 15,180 545 19.171.222 23,183,634
Average 7,320,544 8,482,720 11,310,049 14,242,822 18,141,881 22,018,971
1in 10 10.9% {1.540.508) {1.488,833) 201 100 2,207,153 5,763,028 8,484,984
1 50 20% {12,420137) {12,508,101) (14,2814 ,181) {11,483,377 (10,850,339) (8,326,081}
1 I 60 1.0% {22,411,088) (24.129,824) (23,408,884) {21,543,082) (18,805,954} {15.858,48%)
1 in 500 0.2% {43,883,102) (42,605,920) (56,173.524) (44,383,018) {40,515 5€8) {87.824,808)
1 in 4000 Minimum (95,785,484) (87,274,400} {84,218.432) (85.705 7€) {680,074 .476) {75.737,312)
SKewnsss {218} (1.57 {1.83} (1.36) (1.3 {1.43)
S1d. Dov. 8.740,983 8,034,769 $.340,303 10,452,543 10.082,048 11,784,887
SH. DeviAwg 111.77% 105.56% 3THEN 73.30% 60.54% 53.44%

175



COMPARING REINSURANCE PROGRAMS
A PRACTICAL ACTUARY'S SYSTEM

All Lines; Aftor Tax NetIncome ; Recommended Reins

. 1997 1908 599
Maximam 1 2000 2001 2002
80,000,000
——99.5%
60,000,000
—9.0% $60,000,0
——90.0% $40,000,000
e 90.0% = $20,000,000
<
—500 3 5.
o Average £ s(z000.000}
——10.0% =
S $140,000,000)
-—20% Q $480,000,000
0,000,
—_—1.0% )
—02% $(80,000,000)
e Minimum $(100,000,000)
$(120,000,000)
Parcantilas 1997 1918 1998 2000 2009 2002
1 in 4,000 Maximum $ 27,833,518 % 32082802 % 43,107220 % 43,203,732 § 45,460,764 § $7.384,356
1 in %00 $98% 25,298,330 27,318,638 32,787.088 37,876,598 41,882,218 47,784,172
1 in 10D 93.0% 22.763.914 24,888,340 28621838 33,814,778 38,142,188 44,495,928
1 in S0 98.0% 21.810,182 22,867 436 26,734,208 31,694,380 30,540,060 42,546,932
1 s 10 90.0% 18,728,278 18,105,240 21783228 25,884,180 30,543,768 35,352,388
50.0% 8.528,356 9.279.89% 12,488,077 15,418,545 19,584,648 24,025,120
Awerags 8,352,969 $.010.875 12,138,889 15,263,199 19,380,042 23,847,200
1 in 10 10.0% (1.033.749) {1.085.308) 1,443,588 4,018,043 7.770.430 11,037,058
1 in SO 2.0% {2,703,228) {3.758,272) {2,663,831) (1,150,059) 432,304 2,726,049
1 in 100 10% {2.862.124) (4,024 101) {3.205.080) (1.864,642) {516.728) 1,240,808
1 in 500 0.2% (3.010.169) (4.712,233) (4.239,173) (3,138,190) {2.118,529) {283,369)
1 In 4,000 Minimum (8.802 469) (8.025,347) (8,092.12%) {4,538 568} (2,267 088) (2.230,983)
Skewness 0.08 D.05 {0.05) (0.02) (0.11) {0.18)
$1d. Dev. 6,402,349 8,977,120 7,540,079 8,254,772 8,773,351 9.307.482
51d. Dev/Aw 78.85% T7.43% 82.12% 54.08% 45.27T% 39.74%

Other Analyses

Since there is a database of results for every trial from each line, each treaty and each
program, there are literally dozens of useful analyses one can perform, “drilling down”
into issues that arise between the parties involved.

Since the system uses Excel™ as its calculator, any function or relationship that can be
defined in Excel™ can be used in a simulation. Of course, the more one puts “in
motion” the “blacker” the box gets. Sometimes that is necessary and sometimes it is not.
To keep the focus on underwriting risk, we leave certain issues out of most of our
analyses, like interest rate and asset risk, but since they can be described fairly easily in
Excel™ the system can handle them.

Another frequent analysis involves taking the net present value of future cash flows,
which the system handles easily. We usually do this as a custom calculation since there
are different definitions of what is and is not included in NPV analysis from company to
company.
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As an example of how to use the database of results, we answer the questions: “How
often do we trigger the aggregate? Total the aggregate?” In just a few minutes a user can
extract the ceded losses and limits by year for the stop loss and produce an analysis such
as the following:

Totttomes
Frequency .~

Conclusion

Perhaps one of the most important conclusions to note is that this is a system - where
users can build models quicker, under better control - and where there is 2 “memory,”
letting the user re-use prior elements that “worked” for their needed purposes. This is a
very practical result, too, since simulation has been around for some time in the hard-to-
control spreadsheet world. The more comfort and control, the more often and more
consistently analyses can be done.

We have seen how users / buyers react to this kind of information, and know that it has
been a critical factor in their decisions. We all benefit when actuaries communicate well,
and when the best information we have is brought together in meaningful and
instructive analyses. We think simulation and the tabular and graphic representation of
its results is an excellent vehicle for such communication in the reinsurance arena.

This paper has not been a technical actuarial article, but rather an exposition of our
systematic approach to building and using simulations to analyze reinsurance
alternatives. Our hope is that it might spur discussion of the strengths and weaknesses
of this approach.
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