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Learning Outcome Statements:

1. Understand purpose of a scenario

2. Be able to identify key elements of an insurance DRM scenario

3. Understand how a scenario is defined in a Dynamic Risk Model

4. Understand interaction between a scenario and a strategy. 

5. Understand considerations in defining level of complexity of a scenario

1. Introduction

One way of thinking of the steps in building the Dynamic Risk Model is that the modeler must first define the problem to be analyzed, i.e., the strategy to be evaluated, and then the framework under which the different strategic options are to be evaluated, i.e., the scenarios. The order of the chapters in the Handbook follows that sequence of steps in the modeling routine. 

Dynamic Risk Models are basically simulation models.  In these models, scenarios define the alternatives, the nature of those alternatives and the rules for interaction between the model elements.  Scenarios must also determine which items or alternatives are internal, and hence under the control of management team which are external. 

The topics to be covered in this chapter include:

Elements that may be included in a scenario

Describing a scenario in a model

Reasons for limiting the scope of a scenario

Interaction between defining a scenario and the strategy to be used

Reasons for using multiple scenarios

The purpose of this Handbook is to provide useful concepts as well as practical examples to reinforce the concepts presented. Since interest rate models are a common component of DRM models and are now covered on the CAS syllabus, the examples used to illustrate concepts in this chapter will tend to use interest rate models.  Using the Public Access DFA Model as a source for examples will allow the reader the opportunity to see how the concepts described in this chapter can be put into effect in a working model. The Public Access DFA Model, Dynamo, can be downloaded from www.PinnacleActuaries.com.

The primary reference source for this chapter is the series of DFA Call Papers published in the CAS Forum. Those papers are supplemented by papers from the CAS’s on line course on Interest Models as well in as textbooks from the CAS Syllabus, and one article from the Harvard Business Review.

2. Elements of a Scenario

The potential elements of a scenario can be separated into three categories below.  Those elements that are not within the control of the management team are categorized as external elements. Those elements within the control of the management team are categorized as internal elements. Some elements are hybrid, since they can be influenced by management actions, but are not entirely within the control of the management of a company. 

Elements outside the control or influence of the management team should not be considered as part of a list of strategic options. For example, having a strategy of low inflation and a high nominal interest rate is not appropriate, since those items are beyond the control of management. However, it is plausible to isolate a scenario of low inflation and low nominal interest if that were an economic environment of interest to the modeler.
Before beginning the parameterization process, it is necessary to identify in which category an element of a scenario falls. If an element falls into the external category, then the information to parameterize it will likely come from outside the company; if an element falls within an internal category, parameterization can come from internal company records or be fixed according to the scenarios that will be evaluated. Hybrid elements could reflect the historical results for the company modified, for any expected changes in the external environment, or may be included in the elements to be changed to review different strategic options depending on the degree of control a company exercises over those elements.

Some of the elements described below define the underwriting side of a Dynamic Risk Model, while others describe the investment side of the company operations or the type of outside reporting requirements that the company is required to follow. The elements of the underwriting side of a Dynamic Risk Model would include the items necessary to generate premiums and losses, in order to create the accrual accounting type entries and the cash flow results. The elements on the investment side of the operation describe the return on investment from the cash made available from underwriting operations and from surplus. 

The list of elements below is not meant to be exhaustive. Rather, it illustrates the concept of identifying the building blocks of a scenario, and provides the reader with some insight into the process for determining the potential list of elements for a given Dynamic Risk Model. Some comments are provided to help the reader understand why an element would be included when using a simulation model to evaluate different strategic options.

2.1 External Elements of a Scenario

In general, the external elements of a scenario are part of the macroeconomic and legal/regulatory environment in which a company operates. An example of developing macroeconomic scenarios can be found in Kirschner’s article “A Cost Benefit Analysis of Alternative Investment Strategies Using Dynamic Financial Analysis”.  Kirschner summarized the economic conditions in past time periods, and then ran a hypothetical company’s investment portfolio through a model parameterized under those economic scenarios[1]. 

2.1.1 Interest Rates 

The behavior of interest rates is an example of a macroeconomic element of a scenario.  Interest rate models can be used to drive the behavior of the investment portfolio of the company. Interest rate model results can also be linked to changes in the rate of change in severity by line of business or to changes in equity or stock market returns. Ahlgrim, D’Arcy and Gorvett give an introduction to interest rate models in their article “Parameterizing Interest Rate Models” [2].

One approach to modeling interest rates is to model short-term interest rates, and link the yield for debt instruments with longer term to short-term interest rates using a formula that generates the yield curve. The yield curve shows the different interest rates as the length of time to maturity of the debt instrument increases. Modeling interest rates in this case would mean describing two elements in the scenario: short-term interest rate behavior and the yield curve formula linking short-term interest rates to the yield on bonds of varying maturities.

An example of a short-term interest rate model is the Cox-Ingersoll-Ross (CIR) Model, which is used in the Public Access model, Dynamo. The CIR model is mean-reverting; it assumes that short-term interest rates will tend to move from their current level towards their historical, mean level. To make the concept of an interest rate model more concrete, below is the section of Dynamo where the short-term interest rate model parameters are entered. 

	XYZ Company

	 
	Dynamo 3.0
	 

	 
	 
	 
	 
	 

	 
	General Input
	 
	 
	 

	 
	 
	First Year to be Modeled: 
	2004
	 

	 
	 
	 
	 
	 

	 
	Cox Ingersoll Ross Parameters
	 

	 
	 
	Reversion parameter - a =
	25.00%
	 

	 
	 
	Long-term mean - b =
	6.00%
	 

	 
	 
	Market Risk Premium - y =
	0.00%
	 

	 
	 
	Current short-term rate - r(0) 
	4.00%
	 

	 
	 
	Standard error  - s =
	4.00%
	 

	 
	 
	Power Factor - g =
	50.00%
	 

	 
	 
	 
	 
	 

	 
	 
	 
	 
	 


In this case, the model would move from current short-term interest rates of 4% to a long-term interest rate of 6%.  The speed at which the current rate moves to the long-term rate is driven by the reversion parameter, which is .25 in this case. We will come back to the variables listed in the table above when we talk about what it means to describe a scenario in a model. The current short-term, risk-free interest rate, and the yield curve from debt instruments, both determined by the capital markets, are beyond the control of a company’s management. 
2.1.2 Equity Market Behavior

Many companies hold both stocks and bonds, which means that modeling the behavior of equity markets or the change in return on stocks held in conjunction with changes in the bond market yields will be an item that is commonly included in a Dynamic Risk Model. There are models available that describe the interdependence between returns on stocks and bonds. 

2.1.3 Inflation

Inflation refers to a change in the general price level for goods. For example, the Consumer Price Index (CPI) provides one measure of inflation through the change over time in a pre-defined set of goods or services purchased. 

A Dynamic Risk Model commonly models both the investment and the underwriting operations of a company to evaluate a strategy. Modeling the underwriting operation of a company implies modeling the effect of inflation on loss costs for a line of business to estimate loss payments in different time periods as well as the effect of inflation on premium collected. The premium collected is affected by inflation through rate level changes as well as due to inflation sensitive exposure bases in some lines of business.   

Inflation also affects investment results. A common assumption is that the nominal interest rate is a result of the interaction between inflation and the real underlying interest rate. Ahlgrim, D’Arcy, and Gorvett provide models on how inflation and real interest rates interact to create the observed nominal interest rates in their paper “Modeling of Economic Series Coordinated with Interest Rate Scenarios” [3]

2.1.4 Regulatory Requirements

Regulatory requirements include reporting requirements to state insurance commissioners and GAAP reporting requirements. Regulatory requirements can have an effect in the model by influencing how parties outside the company will view the results of the company or how quickly a company can change rates in a given line of business.  Thus, evaluating a set of strategic options can be influenced by how results under GAAP or statutory accounting will appear to outside parties.  

A scenario may include an explicit assumption about how outside entities will view the company’s results. For example, the management team may request the model output include the current Risk Based Capital (RBC) measures. In that case, the scenario includes an assumption that the (RBC) measures today will be used in the future and that state insurance regulators and rating agencies view of the company will be affected by those measures. 

Management may request that certain financial statistics be included based on their belief about the models used by rating agencies (Best’s, S&P, Moddy’s, Fitch, etc.). Including financial statistics to mimic rating agency models implies that the scenario includes the belief that rating agencies will use a certain model in the future to evaluate the company’s results.  

The behavior of state regulatory officials in approving rate changes for a given line for that state may be another element to include in a scenario.  The length of time required to change the rate level in a give product line/state combination can be a material element in the environment in which a company operates. If a review of the state and product lines in which the company does business does not include any combinations in which the state acts to hinder rate changes, there is no need to include these items in the scenarios. 

2.1.5 Insurance Market Conditions

The term insurance market condition refers to the relative degree of competition in a line of business and the implied relative level of profitability. Insurance market conditions affect projected rate levels and the likely growth rate for different levels of profitability. 

One key component in the profit or price level for products is the price at which competitors are selling comparable products.  Given the anti-trust laws and the ability of consumers to shop for quotes, assuming that the prices quoted by the competitors are outside the control of the company’s management team is a reasonably safe assumption. 

The expected price level in the reinsurance market for the type of reinsurance purchased may be another component of the scenario to define the model.
2.1.6 Federal Income Tax 

The rules and regulations under which the company will pay Federal taxes is an external element. Including rules for paying Federal Income Tax in the scenario is necessary to obtain key after-tax financial results, like the change in surplus or earnings per share.

2.2 Internal Elements of a Scenario

Some elements in the environment a company operates are under the company’s control. Those are the internal elements of a scenario. All of the items needed to implement a strategy should have a fair degree of control by the company’s management. 

Implementing a strategy means changing one or more of the elements within the control of the company’s management. For example, a company could decide to evaluate the option of using only internal claim adjusters vs. the current practice of using a mixture of internal and outside adjusters with the goal of reducing combined loss and loss adjustment expense. The scenario would include an element that accounts for the cost of settling claims, but that element would change from one run of the model with the current mixture of internal and external adjuster’s to a run of the model with only internal claim adjusters costs. Developing the parameters to model that change is a topic covered in Chapter 5.

Typically, it would be assumed that there are no parameter or functional changes describing the internal elements of the model. The model may have multiple scenarios or multiple possibilities for the environment in which a strategy will be implemented, but this may make it harder to interpret the model output. Evaluating strategic options given the results of a model is a topic covered in Chapter 7.

2.2.1 Agency Compensation

Agency compensation is typically a material portion of underwriting expense, which means that a DRM would usually incorporate some provision for agency compensation. The strategy you are evaluating may not directly relate to changes in agency compensation, in which case the function describing agency compensation would not vary from one strategy to the next.

Changes in agency compensation may be restricted by the terms of the contract between the company and its agents. However, over time, a company can make changes in agency compensation, which places this as an internal category. 

2.2.2 Line of Business and State Selection

A company generally has control over product lines that it sells and the states in which it does business. Regulatory compliance issues may lengthen the time required to implement any exit decisions.

2.3 Hybrid Elements of a Scenario

There are a number of elements over which a company has some control, but that are also influenced by outside economic forces or regulatory constraints. The practical implication is that measuring internal company results for the elements below should be balanced with the expected effect of macroeconomic trend on future results or industry wide results.  For example, if it is believed that historical results for a given component of a scenario had been driven by low inflation as measured by the CPI over the recent time period, and there are reasons to believe that inflation will increase, then modifying the historical estimates for the component would be prudent. 

2.3.1 Reserve Adequacy and Loss Payment Patterns

Mango in his paper, “Capital Adequacy and Allocation Using Dynamic Financial Analysis” [4] used internal company data to develop the parameters that relate to loss development and reserve development.  Using company data to calibrate the parameters implies some degree of control over the behavior of the reserve adequacy and payout process, yet reserve adequacy and loss payment patterns can be affected by external influences like changes in the rate of inflation. 

2.3.2 Loss Cost Trends 

Loss cost trends could be calibrated using internal company data. Many companies, though, also use ISO Fast Track data for Personal Lines, which is a summary of many company’s results. The use of ISO Fast Track data implies recognition of some external force or influence on loss cost trends.

Loss Cost trends are part of the underwriting segment of the model and are needed to drive changes in future loss levels and rate level changes.
2.3.3 Premium Trends

Premium trends reflect the change in average premium due to a change in the composition of the rating factors in the insured population over time. Take, for example, Homeowner Coverage A: if values for the insured population increase due to an increase in exposure value, the effect would be a positive premium trend.  In the case of Homeowner, the increase in value of the homes covered under the policies is an external influence, but the company’s underwriting policies may affect the rate at which that increase in exposure is recognized in writing the coverage; the latter would be an internal policy.
2.3.4 Growth Rates in Exposure

The growth rate in exposures is an item needed to calculate future losses and premium levels. Positive growth rates in exposure can be influenced by changes in company practice, like easier access to automated rating. On the other hand, activity by other companies can counteract a change the company makes by lowering rates or matching in a competitive market. The level of competition for new business is an underlying component in a scenario to evaluate activities designed to encourage new business growth, since the level of competition affects the likely range of responsiveness to changes in company practice.

2.3.5 Concentration of Exposure to Loss

Coastal exposure to hurricane loss for Homeowner is a classic example in which concentration of exposure to loss is important. The company has some ability to control the coastal concentration through restrictions in new business, but the ability to grow in non-coastal areas may be restricted due to the competitive environment. 

A measurable concentration of exposure to loss leads to the need for a catastrophe loss generator within the Dynamic Risk Model. A measurable coastal exposure for property business would be one example of exposure to catastrophe loss in the scenario driving the need for capital to cover unexpected losses.

2.4 Examples of Scenarios

In the Spring Forum for 2001, a DFA Call Paper program defined a scenario for a hypothetical company.  Information on the company’s annual statement results was provided as well as information on the current reinsurance program [5].  Comments by one set of authors in this program –Burkett, McIntyre, and Sonlin–, illustrate the type of questions to be considered in reviewing the assumptions built into a scenario that describes the environment in which a company operates [6].  Many of the questions from Burkett, McIntyre and Sonlin revolve around evaluating the reasonability of the financial description of the company as depicted by the Annual Statement furnished information.

There are two papers written using the public Access Model that give examples of defining the scenario in which a model operates. The first paper is “Using the Public Access DFA Model: A Case Study [7]. The second paper is “Customizing the Public Access Model Using Publicly Available Data” [8]. 

A common feature of DFA models is that they produce an income and balance sheet, which requires that the scenario description include current and historical financial reports. There are items like the reinsurance program or regulatory constraints, which cannot be obtained from financial reports and would require the company to furnish information not commonly included in financial reports.

3. Describing a Scenario in a Dynamic Risk Model

In DRM, a scenario is described by the distribution functions for the stochastic elements that drive the simulation model and the formulas that link the functions in the simulation model. For example, part of the definition of a scenario could be that losses for casualty lines follow a lognormal distribution.  Lognormal distribution parameters could be fit using internal company data.  These parameters are generally trended to the future time periods modeled. The way a simulation model generates realizations from a distribution, e.g. the lognormal, is beyond the scope of this chapter, but is described in a CAS Syllabus’ textbook (see Ross, Simulation, 3rd Edition [9]).

3.1 Public Access Model Example

The article “Building a Public Access PC-Based DFA Model” provides a more general introduction to the thought process of defining a model for readers who want to find more cases than mentioned in this Handbook [10]. In the case of the public access model, Dynamo, the determination of the short-term interest rate parameters is a key set of assumptions in the scenario, since the realizations from the short-term interest rate generator are linked to many other modules, e.g., the severity inflation and equity returns. 

3.2 Short term interest scenario definition

Populating the parameters for the CIR Model displayed earlier provides a means to demonstrate different scenarios defined through parameter selection. The parameters for the CIR model in the insert above assume that the current interest rate, 4%, will tend to rise to 6% over time, with the rate of change controlled by the reversion parameter selected, 0.25. Changing one of those parameters changes the scenario assumed in the model. For example, a change to the current interest rate to 6% implies that future interest rate levels will be similar to today’s interest rate level. A change to the reversion parameter from 0.25 to 0.5 implies that any deviation from the selected historical mean interest rate level will be corrected and revert back to such historical mean faster than if the 0.25 reversion parameter were retained.

In order to calibrate the parameters of an interest rate model, it is suggested that the results of the model be charted against the interest rates observed historically. This suggestion is advanced in the article “Parameterizing Interest Rate Models” [11].
One example of a stream of short-term interest rates produced within Dynamo is given in the table below. There is a stream of random numbers produced elsewhere in the program that drives the Random Z column, which is the inverse of the standard normal distribution. The Random Z column is fed into the Cox-Ingersoll-Rand formula to calculate the change in short term interest rates from one year to the next. In this particular case, the simulation is over a 5 year time period starting in 2003. In the first year, the short-term interest rate is simulated as 4%; this rate is fixed in the first year, but subsequent years will be driven by the combination of random realizations from the normal distribution and the parameters specified for the CIR formula.

	Interest Rate Generator
	 

	 
	
	

	 
	
	Short

	 
	
	Term

	 
	Random
	Interest

	Year
	Z
	Rate

	(1)
	(2)
	(3)

	 
	
	

	2003
	-0.776
	0.0400

	2004
	-0.203
	0.0434

	2005
	0.374
	0.0507

	2006
	-1.249
	0.0417

	2007
	-1.996
	0.0300

	2008
	1.722
	0.0494


3.3 Modeling Severity Trend

Dynamo links severity trend to results from the short-term interest rate generator.   By doing so, the Public Access Model builds codependence across lines of business for each scenario.  One option in defining the scenario is to describe how historical changes in short-term interest rates have been linked to changes in severity trend, which is the approach taken in “Customizing the Public Access Model Using Publicly Available Data” [8].  In that article, the authors built regression models that described the linkage between short-term interest rates and severity trends for different lines. 

3.4 Underwriting Cycle

One of the assumptions commonly included in a scenario for a Property Casualty company is the current position in the underwriting cycle and the likely conditions the company will see going forward. The position in the underwriting cycle defines the interrelationship between a company’s ability to take rate as needed and grow in terms of exposure volume.

One approach to defining the market place scenario is illustrated in a table from Dynamo that is shown below defining four different possible states:  

	
	
	
	
	
	
	
	
	

	UNDERWRITING GENERATOR
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	Current Market Condition:
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	(Phase 1: Mature Hard, 2: Immature Soft, 3: Mature Soft, 4: Immature Hard )
	

	
	
	
	
	
	
	
	
	

	
	
	Probability of Entering Phase
	 
	 
	 
	 
	 
	Implied Growth

	Coverage
	From Phase
	1
	2
	3
	4
	m
	b
	w/ No Rate Chg

	XYZ Company – HMP
	1
	50%
	40%
	5%
	5%
	-50.0%
	2.5%
	5.0%

	
	2
	5%
	50%
	40%
	5%
	-80.0%
	1.0%
	1.3%

	
	3
	5%
	5%
	50%
	40%
	100.0%
	0.0%
	0.0%

	
	4
	40%
	5%
	5%
	50%
	-80.0%
	1.0%
	1.3%


The program allows the user to specify her belief about the current market condition, which in this case is “Immature Hard”. The table specifies the probability of moving between different states. For example, the probability of moving from the current “Immature Hard” status to “Mature Hard” is 40%.  

Dynamo uses the market status to calculate the rate change given the rate level indication calculated within the program.  

4. Limiting the Scope of a Scenario

Limiting the scope of a model can be a pragmatic choice dictated by the time available to complete the modeling assignment. Another reason to limit the scope of a scenario is that not all of the possible elements that could influence a company’s results can be modeled or are material to a particular company. One can limit the scope of a model by omitting some items that are not critical for the modeling task at hand or limiting the complexity of the function used to describe the behavior of a given item in the simulation model.

4.1 Limiting the scope of a model by limiting linkage between model components

For example, one portion of a scenario can influence another, and this is particularly true for interest rates. Changes in interest rates can influence development patterns through the influence varying interest rates have on inflation with varying inflation changing the development patterns for loss payments [12].  Successfully modeling the linkage between interest rates, inflation and development patterns could be critical for a company with a material amount of business in long-tail lines, but including that level of complexity when modeling a company without exposure to long-tail lines development issues may not add enough value to justify the time required to parameterize and test the model. 

4.2 Limiting the scope by limiting complexity of the function used to describe an item

A single factor interest rate model like CIR, may not capture the term structure of current interest rates [13].  Other, more complex interest rate models like the Hull-White model or the HO-Lee model can better replicate the existing term structure seen in the capital market. On the other hand, a modeler must consider the robustness of an interest rate model in the simulation [14], which means evaluating the likelihood of the model to go off track and give nonsensical results. Limiting the scope of a model by limiting its complexity can be a practical choice when attempting to capture all of the intricacy of a given facet of a company’s operations and building a model that gives reasonable results under varying circumstances. Calibrating a more complex model lengthens the time required to complete the assignment [15], which may make a more complex model, impractical due to time constraints. 

4.3 Limiting scope by not including items

Not all of the factors that influence a company’s results can be modeled. For example, fraud by a management member is a significant operational risk, but modeling it within the simulation setting would be difficult, at best [7]. Changes in federal tax law can have a material effect on the company’s results, but unless one is modeling currently proposed legislation, modeling potential changes in federal tax law covers such a wide range of possible outcomes that it is impractical to consider it an alternative scenario.   

Some items may lie outside the realm affecting a company’s operations. For example, if a company operates solely within the U.S. and all its assets are invested in the U.S. domestic markets, currency risk may be low in the list of circumstances that could affect its financial operations, making it unnecessary. On the other hand, if liabilities are denominated in dollars and assets are in pesos, sterling pounds and euros, then currency risk could be material. 

5. Interaction Between Scenarios and Strategy

A strategy that works well in one scenario may not work well in another. An example common to Property Casualty companies would be that choosing to grow exposures in a soft market where many companies are competing for new business may not have the same financial results as growing in hard market where there is less competition. 

A scenario defines the conditions under which a strategy will generate financial results. For example, a company with highly correlated lines of business will need more surplus [16] than a company with low interdependence between lines of business. The level of interdependence between lines affects the income or profit level required for a company to earn a satisfactory return on surplus by affecting the size of the amount in the denominator. 

The concept that the scenario or conditions in an industry affects a strategy is not unique to the Property Casualty Insurance or to DRM. Examples outside of the Property Casualty Insurance industry can be found in a Harvard Business Review article by Nathanial Mass, ‘Relative Value of Growth’ [17]. In that article, Mass compares the results of growth for different companies in different industries on their market value. Mass did not use a simulation model, but he did use a financial model and interpreted its results by noting the differences in industry economics between different companies where growth was rewarded and where it wasn’t. 

6. Multiple Scenarios

There is uncertainty in forecasting changes in economic conditions. One can see that market conditions changes simply by looking at the “Market Diary” section of the “The Wall Street Journal”.  Given the earlier comments on how a scenario can drive the financial results of a strategy, testing multiple scenarios to evaluate the range of possible results under different economic environments is prudent. 
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