Chapter 2 – Overview of DRM Process
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Chapter 2 – Overview of DRM Process

2.1  Introduction

In many disciplines, mathematical models have become important tools in the study of the behavior of systems.  The systems are diverse, almost unlimited, ranging from the biology of the human body to the weather to insurance.  For any of these applications, the type of mathematical model employed will depend upon the nature of the system, how broadly the system is defined, and what needs to be learned about the system’s behavior.  Considerations for building a model include:

· the extent to which the system is described by stochastic versus deterministic mathematical relationships;

· the length of time horizons if predictions of future behavior are important;

· the ability of the system to adapt to changing environments; and

· the nature of the system’s interrelationships with external factors or other systems.

These considerations, and the extent to which a model must emulate all facets of the real system, will determine how simple or sophisticated a model must be.

In the context of property-casualty insurance, dynamic financial models will incorporate different features depending on the application and the types of risks that must be measured.  The extent that certain features are emphasized will determine what might be called the "type" of model: i.e., is it primarily stochastic or deterministic; does it include feedback loops, etc.  However, different models may include any or all of these features to different degrees.

2.2 Purpose and Objective of the Model

In the DRM process, one should first identify the purpose and objectives of the model.  It is essential that the purpose of the model must be well defined as early as possible.  In defining the purpose of the model, the modeler must acquire an understanding of the business process that is to be reviewed.  To gather this understanding, there are several views of the business process that can be evaluated:

· Scope – Definition of the business process and the major steps required in that process

· Architecture – Description of the process

· Degree of Structure

· Range of Involvement

· Level of Integrations

· Complexity

· Degree of Reliance on Technology

· Performance – Understanding performance requirements lead to a review of the process:

· Capacity

· Consistency

· Productivity

· Cycle time

· Flexibility

· Security

· Infrastructure – These are the support processes that make the value-adding process feasible, such as underwriting, distribution and claim systems, investment policy statement, operations, training and management

· Context – The context includes:

· Tradeoffs involving external business processes, i.e., tax considerations

· Organizational policies, practices, politics, and plans

· Governmental regulations, i.e., statutory, GAP, or tax accounting 

· Risks – Understand the strengths and weaknesses of the process

A solid understanding of the purpose of the modeling activity defines the type of model that will be needed to meet the modeling objectives.  For example, the purpose of the model may be to test a specific investment strategy, or a comprehensive analysis of several underwriting/reinsurance strategies
 (See Chapter 3 for a discussion on Strategies) for the entire insurance operations.  The spectrum of model types can be viewed as a continuum rather than a collection of discrete categories.  At one end of the spectrum, sophisticated models may incorporate many features, emulating an entire company and most of its interrelationships.  At the other end of the spectrum, simpler models may incorporate few of these features and may be designed for specific narrowly defined problems.  A key consideration in the design of a dynamic financial model is its ability to evaluate the material sources of risk for the problem at hand.

The modeling objective defines the end results of the modeling project.  The objectives establish the metrics used to evaluate the model output.  For example, financial objectives may result in the model producing representative financial statements, assembled using statutory, GAAP or Tax accounting rules.  The objective of the model may be to find the optimal investment allocation.  Here the output may include graphs representing the long term yields under specific asset class allocations.  

Often there is more than one single modeling objective.  It is critical that the modeler identifies the primary objectives and makes sure the model responds to those objectives.    However, with sufficient planning, secondary objectives can often be introduced to provide additional information with limited additional effort.  That said, one must always concentrate on the primary objective and avoid over modeling that increases the complexity of the project unnecessarily.   

2.3 Importance of Scenario Testing and Selection of Assumptions

Once the risks to be incorporated in the model have been identified and the model built, there are a number of dangers inherent in the modeling process to consider, including:  

· The range of scenarios may not reflect the user’s intent;

· The model may be incorrectly or incompletely specified for the intended purpose; and

· The model may quickly become obsolete if it is not adaptable to change.  

The proper use of a model depends on the selection of appropriate scenarios
 to evaluate and the development of consistent assumptions within each scenario This in turn will influence the data and methods used to generate assumptions for understanding the projected performance of the insurer.  Scenarios permit links between assumptions for various parts of the model.  For example, a high interest rate scenario might include assumptions of high bond yields, low common stock values with high dividends, high inflation in medical costs, and a low level of unemployment.

Scenarios provide a useful tool for determining the implications of risks on the projected performance of an insurer.  Observing the results under a variety of scenarios can yield information about the company’s response to risk.  Careful selection of scenarios is essential.

Often times, the scenarios to be studied will be specified by company management.  There may also be times when scenarios are specified by external sources.  For example, the Canadian regulations provide general guidance on the choice of scenarios.  However the range of scenarios is selected, its choice will impact the results that the model produces.  It may be appropriate to observe the model under scenarios other than those specified by regulators or management to adequately understand the implications of the scenarios that were specified.

When the range of scenarios has been selected using only retrospective tests as a guide, the model may be prone to misspecification.  For example, the danger that the probability distributions in a stochastic model are incorrectly specified can be reduced by introducing parameter uncertainty in the modeling process.
2.4 Modeling Considerations

2.4.1 Stochastic vs.  Deterministic

If material random fluctuations in a variable are significant for a particular process, then stochastic features can be added to a model.  Random fluctuations around projected losses, for example, may be incorporated into a model by introducing probability distributions about loss costs or loss ratios, by modeling the collective risk process, or by modeling the underlying claim settlement process.

A simple model of the collective risk process may assume probability distributions for the frequency and severity of losses.  A more complicated model of the collective risk process may include estimates of parameter uncertainty for frequency and size-of-loss, and may include a number of different kinds of losses, each with its own frequency and size-of-loss assumptions.  A model of the underlying claim settlement process may be a multi-state Markov chain model or some other appropriate model.

Identifying and modeling the interactions among variables is important when either stochastic or deterministic variables are used.  However, when assumptions are stochastically generated, a model that does not reflect these interactions may generate scenarios that are meaningless.  At best, the results of such models would be difficult to interpret.

2.4.2 Time Horizon

The time frame for the analysis is an important consideration in the choice and design of a dynamic financial model.  For example, the choice of time frame may reflect whether the model includes only the run-off of current business, a going concern for some stated period, or a going concern in a long-range projection valuation.

In addition to its time horizon, the model also reflects a choice about the length of time intervals under study.  While annual time intervals may be appropriate for some purposes, quarterly or even monthly time intervals might be appropriate for others.  The user must consider the procedures to be carried out over various time frames and their suitability for the use of the model.  For example, a model might generate cash flows on a monthly basis, but test statutory solvency on an annual basis.

2.4.3 Generalized vs. Tailor-Made

Generalized models usually permit the user to specify several different types of insurance products or lines of business and a range of different investments.  Other models are often tailor-made, such as one that addresses the unique characteristics of a company or one developed for a situation in which a simple model is sufficient.

If a generalized model is used, it is important to consider whether results may be distorted by features inconsistent with a particular application or because a characteristic of the particular company is not addressed.  For example, if a general-purpose model is used for an insurer that plans to invest only in bonds and cash equivalents, the model does not need to include a strategy that involves investment in other assets.  If it does, care should be taken so that the ramifications of that logic do not distort the projections.

2.4.4 Logic vs. Input

There are always tradeoffs between the coding of logic versus the selection of parameters.  Dynamic financial models differ in the choices the developers make about which assumptions will be represented by variables and which will be fixed by the software.  Also, the user will be able to determine the values of certain variables used by the model, whereas others will have been pre-set by the developer.  The mix between input and logic will be determined in part by the users of the model (both the operator and the decision-maker).  Models with extremely large numbers of variables can be daunting to use and difficult to interpret, while models with too many decisions incorporated into logic may not be flexible enough.

In selecting or building a dynamic financial model, decisions must also be made about the level of detail to be captured.  For example, some choices include the detail of the insurance coverage (by broad product group, statutory line of business, individual form, etc.), the factual context (including the level of detail about accounting and tax rules), and the precision with which strategies are defined.

Strategies are inevitably a part of the logic of a model.  The strategies incorporated in the model should be reasonably consistent with its purpose.  Some models allow the user to build in explicit recognition of management strategies.  Other models assume certain strategies, even to the extent of letting presumptions about strategies affect the architecture or design of the model.

2.4.5 Interrelationships with External Systems

The insurance process is subject to constraints imposed by the choice of available investments, underwriting commitments, laws and regulations, rating agencies, and income tax laws.  Comprehensive models will reflect all or most of these constraints: for example, a model designed to determine the value of an insurance company.  Less comprehensive models may be appropriate, however, for specific applications: for example, a model designed to price a specific product.

2.4.6 Relationship between Parent and Subsidiaries

Parents and subsidiaries have a number of different effects on an enterprise.  A consolidated model of the entire organization can be developed, or the existence of the parent and subsidiaries might simply show up as assumptions about flows of funds, tax calculations, and income.  A model may explicitly reflect a range of scenarios regarding the availability of or drain on surplus due to external influences.  Alternatively, each entity may be modeled separately, with output from one model serving as input for other models.

2.5 Model Specification and Validation

A model that is incorrectly or insufficiently specified will fail in its intended purpose and could lead to costly mistakes.  To reduce this danger, model validation is crucial, i.e., matching the model to the insurer’s own history over some period of time.  A well-specified model will reasonably reproduce past actual results.  Actual results varying from projections may not be an indication of a poor model.  Rather, it is generally appropriate to investigate such differences and reconcile the model’s results with the actual results.  This process of reconciliation may identify weaknesses in the model, or clarify ways in which the enterprise’s activities departed from what would have been reasonably expected (e.g., writing more, rather than less, unprofitable business to cover up poor experience).

2.6 Insurance Company Risks
Evaluation of risk is the focus of dynamic financial models.  The relative importance of each type of risk will determine the detail of assumptions and analyses built into any model.  Ultimately, a model must provide a quantitative evaluation of risk in terms of its effects on the amount and timing of flows of cash.  This chapter describes the risks affecting the property-casualty insurance business and addresses the related modeling considerations.

Property-casualty insurance risks can be divided into many categories
. The first risk bifurcation is product risks and operational risks.  In this section, we will follow some of the definitions originated by the Committee on Valuation and Related Matters of the Society of Actuaries.  We will address the risks associated with the insurance process in the following three categories:

Asset Risk – The risk that the amount or timing of items of cash flow connected with assets will differ from expectations or assumptions as of the valuation date for reasons other than a change in interest rates.

Liability Risk – The risk that the amount or timing of items of cash flow connected with the obligations
 considered will differ from expectations or assumptions for reasons other than a change in interest rates.

Asset Liability Management Risks – The risk that the changes in the market value of assets will differ substantially from the changes in the market value of liabilities primarily due to changes in shifts in the yield curve.

Table 2.1

Insurer Risks


Source:   Bob Wilcox, ACAS, MAAA 

A dynamic financial model is an important tool in measuring the financial effects of these components of risk, both individually and in combination.  The model’s ability to measure interest rate effects on all cash flows - cash inflows, cash outflows and net cash flow - will also enable a company to develop management strategies that mitigate the potential adverse financial effects related to interest rate changes.

2.6.1 Asset Risk

Under financial risk management, asset risks are usually defined by two major risk categories (see Chapter 5, Investment Risks), Market Risk and Credit Risk.  Market Risk arises from the movements in the level, or volatility, of market prices that result in a reduction in the value of the security or portfolio.

There are four major types of risk
 that are defined within Market Risks:

· Equity Price Risk reflects the price sensitivity of an equity arising from systematic movement of prices in the general market (the market indices), or the idiosyncratic volatility of a particular instrument (stock price) 

· Liquidity Risk arises when (1) a transaction cannot be conducted at prevailing market prices due to the size of the position relative to normal trading lots (asset liquidity risk), or (2) there is an inability to meet payment obligations forcing early liquidation of an asset transforming a paper loss into a realized loss

· Foreign Exchange Risk results from imperfect correlations in the movement of currency prices and fluctuations in international interest rates

· Interest Rate Risk arises for the movement in the level, or volatility, of interest rate across the yield curve

For insures, special note should be taken of Interest Rate Risk.  Since the largest asset component for an insurer is fixed income assets, changes in future interest rates play a significant role in the periodic valuation of the insurer.  Interest rate risk encompasses:  

· The risk of a change in the economic value of asset cash flows caused by changes in interest rates - this includes cash inflows such as those from bonds, mortgages, real estate, and dividends from equity investments; and

· The risk of a change in the economic value of underwriting cash flows caused by changes in interest rates - this includes both cash outflows (such as those related to loss reserves) and cash inflows (such as expected future premium receipts).  

Reinvestment and disinvestment risks are components of interest rate risk that arise when differences in the timing and amount of cash inflows and outflows cause the insurer’s net cash flow in a period to be substantially different from zero.

Reinvestment risk relates to the uncertainty regarding investment returns that will be available upon the reinvestment of excess cash flow related to proceeds from investments.  If interest rates have decreased, then the excess cash flow will have to be reinvested at rates below those on the existing or maturing assets.

Disinvestment risk arises when fixed-income assets must be sold prior to maturity to meet cash flow needs, typically because the net cash flow is negative absent the sale of these assets.  If interest rates have increased, then the market value of these assets has decreased and they will be sold at a relative loss.

Interest rate risk includes the portion of market value uncertainty due only to changes in interest rates.  The portion of market value uncertainty related to changes in perceived credit or default risk is a component of Asset Risk.  Also, the reinvestment rate assumption in a dynamic financial model determines both reinvestment risk and disinvestment risk for fixed-income assets.

Consequently, the reinvestment rate can have a significant impact on the results of a dynamic financial model.

Credit Risk arises from the fact that counterparties may be unwilling or unable to fulfill their contractual obligations.  Greater details of credit risk, as outlined by Croupy, Galai and Mark, include Transaction Risk and Portfolio Concentration Risks. 

In addition to these inherent asset risks, model builders should take care to look beyond the general description of the various asset classes to make sure that all relevant risk characteristics are incorporated in the model.  This precaution increases in importance as capital markets develop a greater range of non-equity investments that have many of the risk characteristics of equity investments.

Appropriate data and methods are critical to the development of ranges of assumptions to reflect asset risk in the projected performance of the insurer.  Historical data developed for investment managers is readily available, including time series of default rates of various classes of assets as a function of age.

Dynamic risk models can be used to estimate the effects of these risks alone on the projected performance of the insurer and can also be used to estimate the interrelationships between these risks and other risks.  In modeling, asset risks may be assumed to correlate with inflation or some other variable or to be autoregressive.

2.6.2 Liability Risk

Liability risk encompasses:  

· Reserve Risk - the risk that the actual cost of losses for obligations incurred before the valuation date will differ from expectations or assumptions for reasons other than a change in interest rates;

· Pricing Risk – pricing risk has three components: 
· Process Risk – the uncertainty that actual losses and expenses will differ from expectations and assumptions.

· Parameter Risks – the uncertainty regarding pricing parameters, model specifications and assumptions about future loss costs (including LAE) and operating expenses.

· Premium Risks – the risk that market premiums will differ from projected expectations of rates.

· Catastrophe risk - the uncertainty regarding the costs of natural disasters and other catastrophes;

· Reinsurance Risk - the uncertainty regarding the cost, value, availability and collectibility of reinsurance; and 

· Expense Risk - the risk that expenses and taxes will differ from those projected.  

Dynamic financial models can be used to estimate the effects of these risks individually on the projected performance of the insurer and to evaluate the interrelationships between these risks and other risks.

Reserve risk may be a function of:  

· Inflation in claim costs (other than that related to interest rates);

· The legal environment in which claims will be resolved, including the environment in which claims are pursued by policyholders or third parties;

· The possibility of a breakdown in some basic premise underlying the reserves for a particular coverage (such as has occurred with environmental impairment liability); 

· Past patterns of pricing adequacy which affect case reserves or financial reserves;

· Corporate culture, training, and incentives that affect the payment of claims or the adequacy of case reserves;

· Currency fluctuations which affect the costs of losses when expressed in local currency;

· The randomness of the claims process itself
; and 

· Incompleteness of databases.  

Premium risk may be a function of:  

· Competitive pressures that do not allow the insurer to achieve assumed levels of exposure and/or rate adequacy;

· Regulatory intervention that restrains premium increases or decreases or requires business to be underwritten that would not be underwritten in the absence of such intervention;  

· Premiums for involuntary business underwritten at premium rates and in volumes that differ from assumptions;

· Retrospective premiums or dividends that differ from assumptions; and

· Amounts collectible from agents that differ from assumptions.  

Process and Parameter risks are a function of the factors that affect reserve risks and also of the uncertainty regarding:  

· Unanticipated changes in loss costs and exposures from the historical experience period; 

· Loss costs for the mix of new policies being underwritten, including the effect of adverse selection; and

· Loss adjustment practices in the future that may differ from those in the past.  

Catastrophe risk can be considered a component of loss projection risk.  It is a function of:  

· The coverages being written;

· The concentration of insured values in specific geographic areas or legal jurisdictions; and

· Uncertainty regarding the frequency, severity, and nature of catastrophic events.  

Computerized models of the damage arising out of certain types of catastrophes are available and may be of value in determining assumptions about the probabilities and sizes of catastrophic losses.  Output from these catastrophe models may be used in a variety of ways.  A link between models could be constructed to feed catastrophe simulations directly into the DRM model.  Alternatively, the output could be used as an input table to a DRM model to generate catastrophe risk scenarios.  Further, the output could be analyzed to obtain values to parameterize catastrophe risk within the DRM model.

Reinsurance risk is a function of changes in the price and availability of desired reinsurance, and of uncertainty regarding the collectibility of reinsurance recoverables arising from the financial condition of the reinsurer or ambiguity about the coverage provided.  Reinsurance risk exists in each of the four obligation risks identified thus far.  In many models, projections are made on a net of reinsurance basis.  Such projections incorporate implicit assumptions regarding reinsurance risks, whereas projections made on a gross of reinsurance basis require explicit instructions regarding the reinsurance mechanism.  Reinsurance risk recognizes how reinsurance responds under stress, such as a large catastrophe or other strain on collectibility, aggregates, reinstatements and other reinsurance parameters.

We note here that liability risk is a major component for many dynamic risk modeling engagements for an insurer.  For our purposes now, any further discussions regarding Liability Risks are best left for Chapter 7.

2.6.3 Asset Liability Management (ALM) Risk

Asset Liability Management (ALM) is a critical component in many types of valuation regarding the capital requirements for captives, risk retention groups or smaller insurance companies.  ALM objectives include capital management and defensive risk management strategies that place a floor on the net worth of the insurer.  These goals are accomplished by management decisions impacting the net match/mismatch between the asset and liability cash flows of the Company. 

Asset Cash Flows - Asset cash flows may be fixed or may change in response to interest rate changes.  If cash flows are fixed (e.g., some types of bonds) an increase in interest rates produces a reduction in market value and possibly a reduction in earnings if conditions force the insurer to sell the bond in the high interest rate environment (see disinvestment risk below).  If the cash flows are interest sensitive (e.g., a bond with fixed payments but having a prepayment option), then both the timing and amount of the flows may change in response to an interest rate change.  For example, a bond that has a prepayment option would tend to be called in times of declining interest rates.  In this situation, the borrower would prepay the bond in order to take advantage of more favorable borrowing costs elsewhere.  On the opposite side of the transaction, the insurer would realize an adverse economic impact in the loss of future investment income from the higher yielding asset after reinvestment at the lower prevailing rates.  The same effects can occur when cash flows are not fixed as in these examples, unless the variable cash flows change in concert with interest rate changes (such as with debt with interest linked to a market index).

Cash flows from other assets may also be fixed or interest sensitive.  Generally, the sophistication with which the effects of interest rate risk on assets need to be modeled is directly related to the asset’s importance to the insurer.  For most property casualty insurers, more effort would be made to appropriately model the effects of interest rate changes on bonds than on real estate and equities.

Liability Cash Flows – Liability cash flows may also be fixed or may change in response to interest rate changes.

By far, the largest obligation cash outflows for property casualty insurers are payments for losses and loss adjustment expenses.  The degree to which interest rate risk is an issue and the degree to which these cash flows are fixed or interest sensitive will vary by line.  At one end of the spectrum, if the cash flow for losses incurred prior to the valuation date is fixed relative to interest rates (i.e., excluding reserve risk), then a decrease in interest rates would produce an adverse financial impact (measured on an economic basis).  To the extent that the loss payments are interest sensitive, the economic impact will be reduced, provided that they move in the same direction that interest rates move.  Generally, interest rate risk will be more significant for the longer tail lines of business because of the longer duration of the cash flows.

On the premium side, an increase in interest rates could produce a decrease in future premium cash inflows to the extent that insurance companies in the marketplace rely on investment income to maintain overall profitability.  Other components of underwriting income could also show varying degrees of sensitivity to interest rate changes.

Again, the needed degree of effort and sophistication applied to modeling the effects of interest rate changes on each component of the obligation cash flows will depend on the relative importance of each component.  This will vary in each situation according to the specific characteristics of the insurance operations being modeled.

Net Cash Flows - Differences in timing and amount between cash inflows and cash outflows produce risks and opportunities with respect to the potential financial loss associated with interest rate changes.  The risks include reinvestment risk when cash inflows exceed outflows and disinvestment risk when cash outflows exceed inflows.  Opportunities exist to the extent that these risks can be mitigated by managing cash inflows and cash outflows in such a way that the economic value of the net cash flow is immunized, to some extent, from changes in interest rates.  The degree of immunization may be limited by the available choice of investments if the optimal asset cash flow is not produced by any readily available asset.  Such differences could arise from the interaction of economic factors with assets or liabilities.

Timing Risk – For timing risk there are two sources of risk:  

· The process variance leading to variability in the amount or timing of items of cash flow connected with assets or obligations

· Actual cash flows will differ from expectations or assumptions because of changes in interest rates.  

2.7 Operational Risks

At present, measuring Operational Risk is one of the most discussed topics in enterprise risk management for financial institutions.  The risks associated with insurance operations are in the following categories:

Event Risk –Risk associated with specific events.

Management Risk – Risk arising from the uncertainty associated with business.

Corporate Financing Risks –Risk associated with economic value added, or the lack of adequate capital surplus to take advantage of new market opportunities.

For insurance company, the basic products sold represent an assumption of risk.  As discussed elsewhere, insurance companies short (sell) insurance puts on real assets.  But besides the risks associated with the aggregation and spreading of insurance risks, insurers, like other financial institutions, also have extensive operational risks.  From the banking industry, the most famous definition of operational risks was written by the Basel Committee on Banking Supervision
 for the Basel II accord:

Operational risk is the risk of loss resulting from inadequate or failed internal processes, people and systems or from external events. 

2.7.1 Event Risk

By these types of event risks, we are generally referring to external events.  In addition to the risk that insurers assume from their policyholders, they are also subject to damage to their physical assets arising from loss events such as fire, hurricane, earthquake, terrorism, etc.   

2.7.2 Management Risk

Management risks are those risks similar to the Basel II accord that are reflective of failed internal processes, people and systems.  It can include internal or external fraud, or employment practices and workplace safety issues, regulatory or legal risks.  They can also include more basic risk such as management failure to execute, deliver and process its client strategy, products and business practices, respectively. These risks can also include legal risks or reputational risk to the insurer.   

Insurers sell a promise to perform sometime in the future.  As a result, they are pricing a product today for which the benefits and expense are unknown.  So for insurers, expense risk takes on an additional element of concern.  Expense risks, those associated with expenses (other than loss adjustment expenses) and taxes, include uncertainty regarding:  

· Contingent commissions to agents;

· Marginal expenses of adding new business;

· Overhead costs, including the risk that overhead costs will be changed by regulatory intervention and the risk that there may be periods of changing premium during which overhead costs will not change in proportion to premium;

· Assigned risk overburdens, second injury funds and other assessments;

· Policyholder dividends; and

· Federal and local income taxes, both in interpreting the current Internal Revenue Code and in anticipating changes to the code.  

2.7.3 Corporate Financial Risks

Corporate financing risks are concerned with issues regarding the future financing needs.  This type of financing need might arise from the depletion of a significant portion of the company’s surplus due to a catastrophic event.  The risk is that the capital market will not be favorable when it requires additional capital funding to retain existing business or develop new business opportunities.  

2.8 Measuring Results

2.8.1 Performance Measures

In order to be an effective analytical tool, a dynamic financial model should be capable of producing various types of output, both financial and analytical.  Financial summaries could range from high level, e.g., the overall company balance sheet and income statement, to detailed financials at the level that a company would manage and plan its business strategies.  Analytical output could include various statistics including graphic representations such as plots of results in a risk vs. reward format (e.g., the asset/liability efficient frontier).  A comprehensive model would also generally be capable of producing these results under various bases of accounting.  (See: Chapter 8, Performance Measures)

In addition to the appropriate output summaries, a model must also be designed to maintain whatever additional detail might be needed - either at still lower levels of detail or at intermediate calculation points - in order to analyze and interpret output.  This "drill down" capability is crucial to successfully reconcile model output with expectations or to diagnose those situations where the model output appears either counterintuitive or even unreasonable.  

· Basis of Accounting - Comprehensive dynamic financial models will usually include accounts on at least four bases simultaneously: cash (or economic), statutory, GAAP, and tax.
  This is the only way to reflect the details of the interrelationships among constraints imposed by investment opportunities, underwriting commitments, laws and regulations, generally accepted accounting principles, and income tax laws.  However, less comprehensive models may be appropriate depending on the use.  

· Interpreting Output/Drill Down - Proper interpretation of output is possibly the most important aspect of using a dynamic financial model.  The danger of inappropriate interpretation can be reduced by communicating the possibly limited extent of variation among modeled scenarios in comparison to the potential range of variation in the year to year results of the insurer’s operations.  

Additionally, developing conceptual interpretations of model results is crucial to communicating these results.  This can be a challenge and may entail an intensive drill down through model output in order to identify major "drivers" of the results.  Because the volume of output data generated by a detailed model can be overwhelming, the task will be made easier if the model design includes drill down and diagnostic capabilities on its output.  These may include:
 

1. Expectation and distribution of selected output variables;

2. Identification and categorization of scenarios that resulted in extreme values;

3. Determination of explanatory variables relative to selected output variables (e.g., regression techniques);

4. Evaluation of decision rules, reinsurance programs, etc.  relative to selected output variables (e.g., “on/off” switches);

5. “Good vs.  Bad” analyses (e.g., risk vs.  reward types comparisons).

The results of the model could suggest that either one or more assumptions are incorrect (in which case the assumptions will likely be revised before results are presented) or that the insurer’s strategies could be improved.  As an example of the latter, the results of the model may suggest that the insurer may be particularly at peril due to one or more sources of risk.

2.8.2 Risk Metrics

In developing Dynamic Risk Models, one of the critical components is the understanding of what is required of a risk metric.  The answer to this question is beyond the scope of this chapter.  Please refer to Chapter 8, Risk Metrics, for a complete discussion.  

2.9 Keeping the Model Relevant

Work does not end once a model is built.  Change is constant and a model must keep pace with this change to stay relevant.  Examples of continuing change include:

Proliferation of Insurance Products: Although regulation and custom tend to slow the creation of insurance products by entrepreneurs, changes in the markets served by insurance enterprises constantly press for new products and services.  Dynamic financial models may need to be refined to adapt to these changes.

Competitive Pressures: In the past, pressures were perceived to arise from competition at the point of sale of the insurance product.  Since at least 1970, competitive pressure has increasingly come to mean competition at the point that capital is being raised.  Dynamic financial models are playing an increasingly visible role in corporate decisions regarding purchases and sales of business units, means to tap capital markets, and trade-off between capital and reinsurance.  This trend is expected to continue.

Innovation in Assets: Recent innovations in asset design make it difficult to understand the riskiness of many investments by looking at their financial designations for accounting purposes.  For example, some bonds have the risks of stock investments or mortgages; and mortgages are often backed by a wide range of securities.  Existing accounting classifications may be misleading to tabulate information about assets for input into dynamic financial models.

New types of asset classes are emerging, some with purposes other than purely generation of investment returns.  For example, some assets, such as catastrophe futures, can hedge risks undertaken by the insurer’s underwriting activities.  More innovation can be expected, along with the need to model these kinds of investments.

Regulatory, Accounting, and Tax Requirements: Dynamic financial models may need to be revised from time to time to reflect the latest developments in regulation.  Such changes may be as simple as adding a set of calculations, or they may require modeling of the corporate response to the impact of the regulations (e.g., a shift in marketing or investment strategy to accommodate surplus constraints of risk-based capital).  Projections of cash flow may react to changes in these constraints differently from projections of statutory results.  Dynamic financial models with feedback loops may react differently from static models.

In a changing environment, to keep a model from rapidly becoming a dinosaur, it should be designed with change in mind.  A structured model comprised of smaller interrelated program modules will tend to be much more adaptable than one big monster.

2.10 Sensitivity Test and Feedback Loops/ Adapting to Change

Dynamic financial models may employ feedback loops (automatic conditional decisions) which are algorithms that make calculations for each modeled time period dependent on values calculated for earlier periods.  Feedback loops provide for reactions to specific conditions.  For example, if a given scenario shows a loss ratio that is unacceptably high for a certain line of business, then the model could assume that rate level and other underwriting decisions will be made by management to mitigate the unacceptable results.

Models without feedback loops may be underdetermined, showing excessive income under favorable scenarios and excessive loss under unfavorable scenarios.  Models with feedback loops, however, may be over determined, showing little risk regardless of the scenario because the model builder often assumes that management will respond quickly to increased risk with appropriate strategic or operational responses.  The issues of feedback loops and strategy specification are closely related.

2.11 Presenting the Results

After the model has been designed and built, scenarios developed and strategies tested, there is one last critical step in the DRM process – reporting the results.  All too often the modeler believes that the DRM process is compete when they have gained an output.  Instead of the end, it is simply the beginning of the most critical phase – explaining the results.  The critical importance of this phase cannot be overstated.  For example, if we are comparing investment strategy, a shift in investments from bonds to stocks will decrease GAAP earnings as the capital gains are not accounted.  However, surplus increase will be larger on average.  A careful display of the results is essential.

A complete discussion of this phase goes far beyond the scope of this chapter.  We suggest that you turn to Chapter 9 for that discussion. 
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� “Strategy is defined as a means, approach or pattern of actions designed to achieve goals and objectives, focusing on a few key or critical areas.” Strategic Management, Concepts, Processes, Decisions, Lester A Digman, 1997, Page 2-19.


� A scenario is a description (set of assumptions) of a group of variables (such as interest rates or combined ratios) that can reasonably be expected to impact an insurance enterprise.  The description of the group of variables constitutes the environment within which the insurance enterprise will operate.  (See Chapter 4 for a more complete discussion of Scenarios.)


� For example, the NAlC's risk-based capital formula divides risk into 5 categories: asset risk, credit risk, reserve risk, premium risk, and off balance sheet risk (e.g., growth).





� Any tangible or intangible commitment by, requirement of, or liability of a plan or an insurer that can reduce receipts or generate disbursements.





� Risk Management (2001), Michel Crouhy, Dan Galai and Robert Mark, pages 177-179


� The randomness of the claims process itself can be studied by modeling the patterns of loss development or by more detailed analysis of the claims process.  Inevitably, however, data for such models always include the effects of other factors affecting the claims process.





� Sound Practices for the Management and Supervision of Operational Risk, Basel Committee on Banking Supervision, Bank for International Settlements, February 2003 


� Financial reporting, and therefore modeling, may be more complex for international users.  





� Adapted from Dynamic Financial Modeling - Issues and Approaches, Thomas V.  Warthen III and David B. Sommer: CAS Forum, Spring, 1996.


� The following subsection was adopted from R.  Blanchard, Actuarial Digest, Volume 15, No. 5, Oct./Nov. 1996: “A Mechanics Perspective to Model Building”.
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