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Abstract 
Motivation. The CAS Dynamic Risk Modeling Committee, and its predecessor the CAS Dynamic 
Financial Analysis Committee, have long recognized the need for reference materials related to risk 
modeling.  Over the years, these committees have sponsored calls for papers on different topics related 
to risk modeling, resulting in many excellent papers.  However, there is still a need for a cohesive 
document that ties the basic concepts from these papers together in one source and adds practical 
examples for students and practitioners alike. 
Method. The Dynamic Risk Modeling Working Party utilized several existing works (cited in the 
Acknowledgements) and surveyed the existing literature.  An outline for the overall document was 
created and individuals on the Working Party were assigned to each section, with the goal of re-
organizing the existing work, adding new material and re-writing as necessary in order to create a 
complete set of documents. 
Results. The Dynamic Risk Modeling Handbook is contained in a series of 12 documents, this being 
the first document and the other 11 as separate chapters and appendices of the Handbook. 
Corollary.  For many of the examples in these documents, the Working Party worked closely with the 
Public Access Model Working Party which created corresponding “worked” examples in the Public 
Access Model.  References to the “worked” examples are cited in these documents, but the “worked” 
examples are part of the work product of the Public Access Model Working Party. 
Availability. All of the Dynamic Risk Modeling Handbook documents are available in PDF format on 
the CAS website at ________________________________.  The documents have also been 
published as part of the __________________. 
Keywords. Dynamic Risk Modeling, Dynamic Financial Analysis, ... 

PREFACE 

Dynamic Risk Modeling (DRM) is the process by which an actuary analyzes the financial 
condition of an insurance enterprise, or a portion of an insurance enterprise. Financial 
condition refers to the company's future operations through an unknown future 
environment and can include the ability of the company's capital and surplus to adequately 
support those operations. 
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The purpose of this Dynamic Risk Modeling Handbook is to provide suggestions and 
guidance to actuaries in performing DRM studies. As such, the Handbook is not a Standard 
of Practice and is not binding upon any actuary. Nor is the Handbook intended to define an 
acceptable standard of care which, if not followed, would indicate the actuary has acted 
negligently. Rather, the Handbook provides a list of considerations for actuaries to refer to 
when performing DRM. The Handbook is not exhaustive, but is intended to be revised and 
edited regularly as knowledge of DRM evolves. The release date of the Handbook appears 
on the cover page of the document, as well as at the top of each page. 

The Handbook does not prescribe reporting requirements regarding DRM. The actuary 
performing DRM should decide on the format of any required report and comply with 
regulatory or professional requirements regarding such reports. The report allows the reader 
to clearly determine the key material threats to the company's future operations. For 
example, the report could assist in quantifying the company's surplus over the projection 
period and allow the reader to better understand the impact of alternative business scenarios 
on surplus. This report would not be an absolute statement regarding the financial condition 
of a company, but rather a tool to identify material risks to solvency faced by the company. 

In addition to assisting management and regulators with understanding solvency risks, the 
DRM process generally permits management to gain a better understanding of both the risks 
and opportunities inherent in the company under various business conditions and stress 
factors. This understanding allows management to better control the company's risk profile 
and to allocate surplus more effectively and efficiently. It also allows management to test the 
impact of various proposed business strategies under a variety of possible future conditions. 

The Handbook does not prescribe a specific projection period for the entire process of 
analyzing the company's future operations. The length of the projection period is generally 
determined by either the management, the actuary performing the testing, or the regulators. 
However, if a long projection period is used, the actuary must use greater care in choosing 
assumptions and generally test a broader array of assumptions. 

The process of DRM involves testing a number of adverse and favorable scenarios 
regarding an insurance company's operations. DRM can assess the reaction of the company's 
surplus to various selected scenarios. This assessment of the test results is contained in the 
DRM report. The Handbook does not present the scenarios to be used in the testing 
process. Normally, however, the company's business plan will serve as the base scenario for 
this process. The choice of additional scenarios is determined by management discussion, 
actuarial judgment, and/or regulatory guidance. Scenarios may vary greatly depending on an 
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individual company's circumstances. 

The actuary is expected to select a set of plausible scenarios sufficient to test most 
material threats to the company's future operations. For example, it is expected that an 
actuary performing solvency testing will focus most heavily on those scenarios for which a 
material adverse impact on surplus is plausible. The reporting actuary, therefore, should 
define plausible scenarios and a materiality standard. By definition, large balance sheet items 
like loss reserves, unearned premium reserves, invested assets, and other material receivables 
and payables, as well as future profitability, should be tested under various scenarios. 
Influences such as pricing strategy, reserving methodology, reinsurance arrangements, 
growth targets, and investment policy should be analyzed. Items the actuary reasonably 
believes to be relatively immaterial, such as a slightly higher than average broker commission 
level, need not be addressed. It may be interesting to management, but if the situation is not 
likely to impair solvency, or materially impact profitability, then it need not be rigorously 
tested. 

In performing DRM, as in any actuarial analysis, the actuary should assess the credibility 
of the data used to perform the analysis. If the data is not credible, the actuary should 
augment it with external data sources. Indeed, many of the potential threats to the solvency 
of a company are external, and the actuary should gather information from many external 
data sources, such as information on the economy, reinsurers, and emerging environmental 
risks. Each actuary performing DRM should assess the reliability and quality of each 
company's management information systems and policy information systems. This can 
become complicated if a company owns many subsidiaries, particularly in foreign or non-
U.S. locations. To properly analyze the future operations of a company with subsidiaries, 
each subsidiary should be analyzed separately. 

The actuary preparing the DRM report may choose to rely on the work of another 
professional. Such professionals include auditors, both external and internal, investment 
professionals, insurance company senior management, and other actuaries who have 
expertise in areas that may be useful to the actuary preparing the report. Any actuary who 
relies on another professional should establish a basis for doing so. In addition, the actuary 
should formally communicate the significance of the process to those professionals whose 
advice is to be included in the report, so the professional is aware of and understands the 
significance of their contribution. 

To properly assess the financial condition of a company, the actuary should have access 
to all relevant documents, systems, and employees. This Handbook, does not grant authority 

Casualty Actuarial Society – Dynamic Risk Modeling Handbook  iii 



  Month dd, yyyy 

for that access. The actuary should look to the regulatory body of the jurisdiction requiring 
the DRM for access to those areas, or to the company's senior management if the analysis is 
being performed for internal purposes. 

When an actuary identifies one or more plausible scenarios as a material threat to 
solvency, the actuary should suggest possible corrective actions or control strategies. Further 
action steps that may be required, such as possible notification of regulators, external 
auditors, or audit committees of boards of directors, are beyond the scope of this 
Handbook. 

Intended Audience 

Need to add… 

The Actuary’s Changing Role 

Historically, casualty actuaries have primarily focused on rates and loss and loss 
adjustment expense reserves.  Since 1980, property-casualty actuaries have had increasing 
responsibility to provide statements of actuarial opinion on the loss and loss adjustment 
expense reserves of property-casualty insurance companies in the U.S. 

In more recent years, regulatory and competitive pressures, as well as the desire for a 
broader understanding of the insurance process, have led and continue to lead to expansion 
of the casualty actuary’s role.  To meet the demands of this expanded role, actuaries now 
need a more complete understanding of insurance company cash flows;  both assets and 
liabilities and their associated risks as well as their interrelationships. 

This broader role will also increase the number of situations where the actuary must 
function in an interdisciplinary setting, communicating with the other major functional 
specialists of a company – those in investments, underwriting, claims, accounting and 
finance.  This will bring new challenges for what is “normal” in terms of language or 
quantitative measures for the individual specialties which may need to be described or 
measured differently for purposes of the dynamic risk model.  However, if done effectively, 
this interdisciplinary communication network among specialists, and ultimately the 
company’s management, can be one of the most valuable end results of building a dynamic 
risk model. 

Main Features 

The main features of these documents …  
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Professional Perspectives Boxes 

Need to add… 

Contemporary Perspectives Boxes 

Need to add… 

Integrative Problem Material 

Need to add… 

Chapter Summary 

The Dynamic Risk Modeling Handbook documents are organized as separate chapters 
that combined constitute the entire Handbook.  The individual chapters are organized as 
follows. 

Chapter 1: Introduction to Dynamic Risk Modeling 

The purpose of Chapter 1 paper is to discuss and provide guidance on the important 
issues and considerations that confront the practitioner when designing, building or selecting 
dynamic risk models of property-casualty risks. 

Chapter 2: Overview of Dynamic Risk Modeling 

The purpose of Chapter 2 is to provide an overview of Dynamic Risk Modeling (DRM) 
and its usage in a property-casualty insurance context.  It highlights the evolution of financial 
modeling from static financial planning to DRM, presents some potential uses for DRM 
models and provides a few cautions about the use of such models. 

This document is intended to serve two purposes:  first, as a non-technical overview for 
interested parties and second, as an introduction to the comprehensive rewrite of the 
Dynamic Risk Modeling Handbook. 

Chapter 3: DRM Strategies 

Need to add… 

Chapter 4: Scenarios 

This chapter focuses on the components and issues involved with the scenarios to be 
considered in a DRM application.  Because of the interplay between models, scenarios, 
variables, and data, comments are provided on each topic, but the focus is on scenarios. 
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Chapter 5: Asset Modeling 

Need to add… 

Chapter 6: Pricing / Reserving Modeling 

Need to add… 

Chapter 7: Performance & Risk Measures 

Need to add… 

Chapter 8: Coherent Measures of Risk 

Need to add… 

Chapter 9: Presentations of DRM Results 

Need to add… 

Appendix A: Checklist of Considerations for the DRM Modeling Process 

Need to add… 

Appendix B: Glossary of Terms 

Need to add… 
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Abbreviations and Notations 
Within the Dynamic Risk Modeling Handbook documents, the following abbreviations are used: 
APD, automobile physical damage GLM, generalized linear models 
CL, chain ladder OLS, ordinary least squares 
DFA, dynamic financial analysis ERM, enterprise risk management 
 
 
Within the Dynamic Risk Modeling Handbook documents, the following notation is used: 
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Updates to the Handbook 
The Dynamic Risk Modeling Handbook is maintained by the Casualty Actuarial Society Dynamic Risk 

Modeling Committee.  It represents the efforts of many people over a long period of time and has essentially 
evolved into the current set of documents.  As new research in the area of dynamic risk modeling emerges and 
continues to evolve, the committee fully expects the handbook to evolve along with it.  In addition, as the 
documents are exposed to the full membership of the Casualty Actuarial Society and others who are interested 
in dynamic risk modeling, comments and suggestions are also expected to arise.  As such, any person with 
comments or suggestions for correcting or improving the handbook, including new examples, are welcomed 
and encouraged to contact the current chair of the Dynamic Risk Modeling Committee. 
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Chapter 1 – Introduction 
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1. INTRODUCTION 

The purpose of this handbook is to discuss and provide guidance on the important issues 
and considerations that confront actuaries when designing, building or selecting Dynamic 
Risk Models (DRM) of property-casualty risks.  In its “simplest” form, a dynamic risk model 
can be used to analyze a narrowly defined pricing or reserving risk using stochastic 
simulation of future cash flows.  In a complex form, a dynamic risk model can be used to 
analyze the entire cash flow of a corporation, including all aspects of company operations. 

The complex form of dynamic risk modeling for an entire insurance operation is 
commonly referred to as Dynamic Financial Analysis (DFA), or internal models1.  
Enterprise Risk Management (ERM) focuses on the wider aspect of market, credit, and 
operational risk of an organization. In the application of ERM to an insurance operation, 
DFA focuses on the modeling of insurance risks.  The focus of this handbook is the 
technical aspects of creating those models. 

While many excellent papers have been written on both ERM and DRM, the goal of the 
Working Party is to distill the essential technical aspects of creating a model into a cohesive 
document for the practicing actuary as well as the student of risk modeling.2  Finally, given 
the wide range of models that would fall under this broad definition of DRM, it should be 
clear that not all aspects contained in the handbook would apply in each case. 

1.1 Background 

The property/casualty (“P/C”) insurance industry accepts and mitigates the effect of 
financial loss due to fortuitous events.  By pooling the assets and losses of many individual 

                                                 
1  The term “internal models” has been used by the Basle II Accord and the International Association of 

Insurance Supervisors (IAIS). 
2 Even though ERM could be considered a “branch” of DRM, discussion of the technical aspects of 

model building throughout this handbook will focus mainly on DFA type models.  As such, the 
References & Bibliography section in the Preface excludes ERM papers, but contains an extensive list 
of papers on DFA. 
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policyholders, P/C insurers can forecast and reduce the risk of such financial loss to within 
acceptable limits.  It cannot, however, remove this risk completely.  This residual risk and its 
cost are of primary concern to the financial management of the property/casualty industry. 

The residual risk of financial loss is complex, and resides both in the liabilities and assets 
of an insurer.  One of the tasks of property/casualty executives is the assessment of the risks 
and rewards associated with strategic decisions, decisions that can lessen or increase this 
residual risk.  Too often, insurance executives must rely on intuition rather than systematic 
analysis when making these decisions. Even when financial decisions are based on a careful 
evaluation of the risk factors, the outcome of those decisions can be highly uncertain.   
Today, a systematic approach to financial modeling exists which projects financial results 
under a variety of possible scenarios, showing how outcomes might be affected by changing 
business, competitive and economic conditions – DRM or more specifically DFA. 

DRM has its roots in post World War II military strategizing or “scenario planning” work 
developed by the Rand Corporation.  To date, one of the most prominent users of scenario 
planning has been Royal Dutch/Shell.  Starting in the early 1970’s, Shell began 
experimenting with scenario planning to identify threats to “business as usual” in the oil 
industry and responses to those threats.3

But, how can this type of planning tool help the insurance industry?  In the oil industry, 
much like the insurance industry, the true payoff of present operations is not known for 
many years in the future.  A company that is able to measure risks earlier than its 
competitors can make decisions with an awareness that its competitors do not yet have. The 
success of Shell over the past thirty years, while they have been using scenario planning 
demonstrates the value of their investment in this management tool. 

The application of DFA to the insurance industry began with the work of Finnish and 
British working groups on solvency.4 Their primary motivation was recognition of the 
inadequacy of accounting documents for solvency evaluations.  These evaluations were 
                                                 
3 Van der Werff, Terry J., Washington CEO, October, 1994. 
4 The work of the Finnish working party is summarized in Pentikainen, “On the Solvency of Insurers,” 

Classical Insurance Solvency Theory, J.D. Cummins and RA. Derrig, Eds., pp. 1-49, Finland:  Kluwer 
Academic Publishers, 1988.  The work of the United Kingdom working party was reported in two 
papers:  Coutts & Devitt, “The Assessment of the Financial Strength of Insurance Companies - 
Generalized Cash Flow Model,” Financial Models of Insurance Solvency, J.D. Cummins and R.A. 
Derrig, Eds., pp. 1-37, United Kingdom:  Kluwer Academic Publishers, 1989, and Daykin, et. al., “The 
Solvency of a General Insurance Company in Terms of Emerging Costs,” Financial Models of 
Insurance Solvency, J.D. Cummins and R.A. Derrig, Eds., pp. 87-151, United Kingdom:  Kluwer 
Academic Publishers, 1989.  The amalgam of both approaches is presented in detail in a subsequent 
book by Daykin, Pentikainen, and Pesonen, Practical Risk Theory for Actuaries, pp. 546, Chapman & 
Hall, 1994. 
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viewed as too static, too retrospective to properly measure future solvency. The fundamental 
insights of the Finnish and British researchers redefined the assessment of solvency from a 
static accounting basis to a dynamic (going concern operation), cash flow focused approach. 

Having accepted the real perspective of the organization as an ongoing enterprise, the 
financial model implementing this perspective required assumptions about possible future 
operating conditions.  In order to develop and sustain the type of model that the British and 
Finnish researchers envisioned, actuaries have begun reaching out to strategic planners, 
financial analysts and investment professionals. 

Experts from these areas are engaged in developing sophisticated computer models that 
incorporate all major aspects of insurance operations (e.g., assets, liabilities, underwriting, 
pricing, taxation, etc.) into a cohesive model to help insurance company executives better 
understand how their day-to-day decisions interact to affect overall returns, capital and the 
all-important bottom line.  DFA’s goal is to provide management with: 

• information about the interaction of decisions from all areas of company 
operations, 

• a quantitative look at the risk-and-return trade-offs inherent in emerging 
strategic opportunities, and 

• a structured process for evaluating alternative operating plans, 

so management can make more informed –– decisions. 

DFA’s goal is not to forecast the future.  Rather, DFA’s goal is to give company 
managers insight into how they should manage their company’s financial affairs.  With DFA 
tools managers can (hopefully) better position their companies to absorb the transfer of risk, 
to earn an appropriate return and to minimize the company’s exposure to insolvency. 

Another early work related to dynamic risk modeling comes from Jay W. Forrester in 
Industrial Dynamics.  He defines it as ". . . a way of studying the behavior of industrial systems 
to show how policies, decisions, structure, and delays are interrelated to influence growth 
and stability.  It integrates the separate functional areas of management – marketing, 
investment, research, personnel, production, accounting, etc.  Each of these functions is 
reduced to a common basis by recognizing that any economic or corporate activity consists 
of flows of money, orders, materials, personnel, and capital equipment.  These five flows are 
integrated by an information network."5

                                                 
5 MIT Press, 1961, p. vii. 

Casualty Actuarial Society – Dynamic Risk Modeling Handbook  1-3 



Month dd, yyyy 

Models are the key tools in dynamic risk modeling.  Such models are ". . . a systematic 
way to express our wealth of descriptive knowledge about industrial activity.  The model tells 
us how the behavior of the system results from the interactions of its component parts."6

For insurance applications7, the underlying system differs from an industrial one in the 
degree to which the functioning of the system manifests itself as pure flows of cash.  
Additionally, the many processes that can affect the amount and timing of the insurance cash 
flows are complex: some are stochastic, some allow for varying degrees of management 
control, and some may be imposed as constraints by either the marketplace or external 
regulatory entities.   

This paper discusses the use of dynamic risk modeling as it applies to insurance.  In this 
context, a systematic approach to analyzing all the major cash flows is the key. 

1.2 Why Use Dynamic Risk Models? 

Dynamic risk models generally reflect the interplay between assets and liabilities and the 
resultant risks to income and cash flows.  The explicit recognition of all of the insurer's 
operations gives dynamic risk models the power to illustrate the links between strategies and 
results.  Therefore, these models make a unique contribution to the analytical tools available 
for performing financial analysis. 

Dynamic risk models are valuable in effectively dealing with the complex 
interrelationships of variables relevant to an insurer’s future results.  Uncertainty related to 
contingent events occurring during the potentially long delay between writing a property-
casualty insurance policy and the payment of claims against that policy make it difficult or 
impossible to evaluate strategies and decisions without explicit consideration of their effects 
on the flows of funds.  Indeed, the results of management decisions or the effects of outside 
forces may be counter-intuitive.  Use of a dynamic risk model can provide the insights 
necessary to clarify situations such as these.8

The explicit consideration of time delays, alternative outcomes of contingent events and 
interrelationships between different aspects of an insurance operation gives dynamic risk 
                                                 
6 Ibid. 
7 Throughout this handbook, the application of dynamic risk models to insurers is discussed.  These 

models are equally useful for captives, risk retention groups, self-insurance pools and large self-
insureds, as well as conventional insurers.  Dynamic risk models are used in other financial sectors as 
well, e.g., the banking and investment industries. 

8 These types of situations may be most common when a company changes strategy, either entering or 
exiting a line of business that has different characteristics from its existing book.  A dynamic risk model 
can provide insight into the changing mix of the company’s cash flows, both assets and liabilities, and 
the timing of profit recognition in published financial statements. 
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models a unique role in helping management to identify profit opportunities, avoid negative 
outcomes and encourage investment in the company.  Such explicit considerations can also 
assist both management and regulators in identifying and understanding problems early, 
before they grow to crisis size.  Furthermore, in the event that problems do arise, these 
considerations can assist regulators in distinguishing short-term problems that do not 
warrant intervention from long-term problems that require action. 

1.3 The Evolution of Risk Models 

Dynamic risk modeling and traditional financial forecasting are worlds apart.   While 
DRM has evolved from more traditional models, each stage in the evolutionary process has 
involved a quantum leap in the model’s capabilities.  To keep it simple, we will define four 
stages or types of financial models. 

“Financial Budgeting” is essentially a static model which uses only one set of 
assumptions about the future operating results from a company’s various divisions or 
business units.  For example, it could include a projection of expected investment returns 
from the investment division, a projection of premiums and expenses from the operating 
divisions and a projection of expenses from other support departments.  Generally, the 
company would simply combine this information and use it to make critical business 
decisions about its future operating and financial plans. 

Graph 1.1 – Financial Budgeting 
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As illustrated in Graph 1.1, a financial budget is essentially only one “path” into the 
future.  While many different iterations of this plan could have been reviewed and amended 
prior to a final plan being “approved”, the model still ends up being static. 
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Early model builders realized that improved decisions could result from an expanded 
view of the future.  Thus, the next generation of models allowed the user to answer “What 
if…” questions about the future, by identifying key assumptions in the model and testing 
their relative impact by changing them over a fixed range.  These “Sensitivity or Stress 

Testing” models can best be described as models that incorporate “best case” and “worst 
case” scenarios along with the expected outcome. 

As illustrated in Graph 1.2, sensitivity or stress testing adds more financial “paths” into 
the future.  The executive could now use these additional “What if… ” views of the future to 
more effectively plan their strategies. 

 

 

 

 

Graph 1.2 – Sensitivity or Stress Testing 
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Unfortunately, there was still something missing from this picture.  Essentially, there was 
no sense of how likely it is that the company would achieve the best case or avoid the worst 
one.  In a static forecasting environment, there is no way to quantify the variability of 
possible outcomes or to easily see the full depth and breadth of possible outcomes. This is, 
however, a critical factor in strategic decision making.  

When a company is faced with a series of strategic options, it is difficult to decide which 
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ones to pursue without understanding the differences in the range of possible outcomes, the 
likelihood of each outcome, and the results each option would produce.  Thus, “Stochastic 

Modeling”9 makes it possible to describe critical assumptions – and their combined 
financial implications – in terms of ranges of possible outcomes, rather than in terms of 
fixed values and results. 

For example, a traditional business plan might assume the company will write $100 
million premium in a particular line of business next year with a loss ratio of 70%.  A 
probabilistic financial model, in contrast, assumes that the premiums written by the company 
will fall in a range from $90 million to $120 million and the loss ratios will range from 60% 
to 85%.  Values within these ranges will depend on the economic and competitive 
environment and are defined with a probability associated with each value.  

Estimated Capital
0+ -

Once a range of possible outcomes and associated probabilities is defined for each critical 
assumption, a computer simulation process takes over, recalculating the model again and 
again, returning different values each time.  This process generates a range of results that 
reflect the parameters and interrelationships defined for key variables such as interest rates, 
inflation rates, premium growth, new business profitability, and asset investment strategies. 

Graph 1.3 – Stochastic Modeling 
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As illustrated in Graph 1.3, a probabilistic model adds a new dimension to our view of 
the future so that we can evaluate the likelihood of many possible outcomes. 

                                                 
9 See Feller, William An Introduction to Probability Theory and Its Uses, New York, John Wiley & Sons, 

volume 1, third edition.  Footnote 26 on page 419 states, “The term ‘stochastic process’ and ‘random 
process’ are synonyms and cover practically all theory of probability from coin tossing to harmonic 
analysis.  In practice, the term ‘stochastic  process’ is used mostly when a time parameter is 
introduced.” 
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As the most recent evolutionary step, “Dynamic Modeling” incorporates feedback 
loops and “management intervention decisions” into the models.  For example, if a given 
scenario shows that the loss ratio is unacceptably high for a line of business, then the model 
will assume that rate level and other underwriting decisions will be made by management.  
While the fundamental business model is little different from a financial budget, a simple 
form of artificial intelligence is added to the modeling process. 

Differences in financial results arising from alternative strategic decisions can be 
evaluated by replacing one set of strategic decisions with another, re-running the modeling 
exercise, and comparing the ranges of possible outcomes under each decision path. 
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Graph 1.4 – Dynamic Modeling 

 

 

 

 

 

 

 

 

 

 

As illustrated in Graph 1.4, Dynamic Modeling assists the insurance executive in fully 
accounting for the interrelationships between the various factors in the analysis.  For 
example, the expected outcome could call for capital to increase steadily over the next 5 
years; however, the probability of bankruptcy (capital less than zero) is also increasing.  The 
insurance executive may be able to quantify this probability with Dynamic Modeling. 

1.4 A Holistic Approach 

Traditional financial models also lack the ability to assess the interrelated effects of 
investment and underwriting decisions.  This shortcoming can be addressed by performing 
dynamic risk modeling using an “integrated” financial model.  An integrated model 
combines the underwriting and investment activities of the company to promote a better 
understanding of how business decisions affect the entire organization. 

Why does an integrated financial model have so much potential value to a company?  An 
insurer’s day-to-day operations include buying and selling assets, underwriting business, 
collecting premiums, administering claims, and incurring costs related to running the 
company.  Decisions made on the underwriting side of the business have an impact on the 
investment decisions.  Likewise, investment decisions affect the underwriting decisions that 
can be made within a given risk tolerance framework.  Decisions that may be appropriate 
when viewed in the context of one division or business unit may not be the best course of 
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action for the company as a whole.  

An integrated financial model enables a company to model each of these operations both 
separately and in conjunction with each other to produce realistic financial projections.  Such 
a model:  

• Applies the same macroeconomic environmental conditions (e.g., interest rates, 
inflation rates, and catastrophic events) across all divisions and departments of 
the company. 

• Allows executives to consider both their operating needs and conditions in the 
financial markets as they make investment decisions. 

• Examines the risk-and-return trade-offs of various investment and operating 
decisions in terms of how they affect the entire organization, not in isolation. 

• Allows executives to tailor and integrate their reinsurance programs for divisions 
and the entire company, all at once. 

In addition, an integrated financial model also enables management to combine both 
internal and external relationships.  For example, how will the pricing cycle in the 
reinsurance sector affect our internal net results?  How will an increase in inflation affect our 
claim costs?  How will competition impact our ability to increase rates and retain good 
business?  Like the model used by Shell, one of the most important features of an integrated 
financial model is that it can identify unfavorable scenarios so that corrective measures or 
avoidance actions can be implemented. 

1.5 Support for Decision Makers 

The financial information that can be modeled is virtually unlimited – any data that can 
be put in a spreadsheet can be modeled dynamically.  To date, however, dynamic risk 
modeling has concentrated on providing management with more powerful information to 
support decisions in the following areas. 

1.5.1 Realism of a Business Plan 

Many companies find themselves in the unenviable position of explaining why they didn’t 
achieve last year’s business plan.  If this has been a consistent problem, the Board of 
Directors and/or stockholders may question the realism of the company’s future business 
plans.  In this case, DRM or DFA could be used to determine if the difference between 
actual and planned results in prior years was the result of a string of bad luck or unrealistic 
planning.  Looking forward, it can then be used to determine how likely it is that next year’s 
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plan will be achieved and, if unlikely, what factors will most likely be the cause. 

1.5.2 Product and Market Development 

As companies or segments of companies grow into marketing segments beyond their 
own experience, dynamic financial analysis can provide insight into pricing policies.  It can 
also explore the possible financial effects new markets and products will have on the 
financial results of existing products and markets.   

1.5.3 Claims Management 

Claims are settled in a dynamic environment.  The level of claim settlement costs can be 
affected by policies on the use of claim stipulations and commutations, structured 
settlements, the term structure of interest rates, the impact of taxes, changes in legal theories 
and other factors.  Dynamic risk modeling can provide insight into the costs, benefits, and 
risk associated with changes in claim management philosophies.  DRM can also aid in 
estimating loss reserve ranges under these changing conditions. 

1.5.4 Capital Adequacy 

Dynamic risk modeling can better quantify the appropriate level of capital a company 
needs to support the business risks it is taking, given the uncertainties of future economic 
conditions, interest rate levels, and underwriting results. Assume, for example, that a 
company’s strong rating by the rating agencies is contingent upon its ability to maintain 
capital levels above $1 billion.  In such a case, senior management wants to know how much 
capital in excess of $1 billion must be held today to achieve an acceptably low probability 
that capital could drop below $1 billion at any point in the next five or ten years. 

Alternatively, a company with excess capital (as is the case for many insurance companies 
today, largely owing to statutory accounting requirements and the current rating agency 
criteria) has many options.  It can look for an acquisition, expand one or more product lines, 
buy back stock, or pay additional dividends.  Each course of action has its own set of 
rewards and risks. DRM can help the company understand which alternative provides the 
greatest marginal benefit for the risk that it adds to the company. 

1.5.5 Capital Allocation 

Deciding how best to deploy available capital is another crucial management issue.  Many 
companies are now using a DRM approach to evaluate the risks and risk-adjusted returns of 
their operating divisions and allocating existing capital accordingly.   
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1.5.6 Liquidity 

As investment portfolios are expanded to include less liquid assets, as more capital is tied 
up in subsidiaries and affiliates, as exposure to potential catastrophic events rises, companies 
must concern themselves with the volatility of future cash flows.  DRM can aid a company 
in understanding this volatility and help it determine what level of short-term financial 
protection might be needed to address liquidity concerns. 

1.5.7 Reinsurance Structure / Securitization Structure 

Deciding upon an optimal reinsurance or securitization structure for a company can be a 
daunting task.  By modeling claim distributions individually and collectively, DRM can help 
answer questions about retention levels, limits, treaty coverages, etc.  Using different 
combinations of treaties in the model will allow the company to determine the structure that 
will maximize net profit over time for a given risk tolerance level. 

1.5.8 Asset/Investment Strategy Analysis 

This analysis examines the interrelationship of the investment strategy and the insurance 
company’s operations.  Changes in asset strategy can affect a company’s long-term financial 
performance.  For example, investing less in bonds and more in equities will consume more 
risk capital and lower a company’s current investment return because less current investment 
income will be produced.  However, a company that chooses this strategy may generate the 
potential for much more rapid growth of underlying capital through unrealized capital 
appreciation of the equity portfolio.  

Changes in asset strategy also affect the ways in which a company’s financial performance 
should be measured (short-term return on equity versus long-term return on equity).  An 
asset strategy analysis performed with a dynamic risk model can help companies determine 
an asset strategy whose level of volatility of earnings and capital is consistent with the 
company’s appetite for risk.  It can also help them develop more appropriate tools for 
measuring future company performance. 

1.5.9 Rating Agency Support 

DRM can aid in company discussions with rating agencies by providing the company 
with the tools to demonstrate its understanding and quantification of the company’s risk 
exposure.  Rating agencies recognize the importance of risk management techniques. 
Therefore, if a company is in a position to show the rating agencies that business decisions 
were made after a rigorous analysis of the risks and rewards associated with each decision, it 
may be viewed more favorably by the rating agencies. 
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1.5.10 Merger and Acquisition Opportunities 

The fundamental questions raised by any M&A deal is whether the resulting synergies and 
economies of scale and scope will justify the purchase price offered by the acquiring 
company and whether the purchase price provides fair value to the owners of the company 
being acquired.  Dynamic modeling can provide a more rigorous analysis of the possible 
effects of a transaction, including a more thorough examination of the conditions leading to 
success or failure of the deal to achieve the objectives intended. 

1.6 Benefiting from Technology 

At one time, a company that sought to develop a corporate financial model usually ended 
up with a model that was either fast and simple or slow and complex.  Typically, the results 
would be static, particularly if the model were complex.  This led to the Catch-22 of financial 
modeling: Any model sophisticated enough to provide valuable information required such 
extensive “care and feeding” that the information it generated was not timely enough to be 
of value. 

Current computer capabilities and analysis techniques have eliminated, or at least 
mitigated, this problem.  Financial modeling software using the latest technological 
innovations not only can address the complexities facing a company, but can do so at a level 
of sophistication never before imagined.  And it can produce valuable insights into the 
possible results of decisions before the decisions are made. 

However, the benefits of technology do not come without costs.  Dynamic risk models 
can be large-scale models involving thousands, if not millions, of lines of computer code or 
cells of formulas and data.  These models must be designed, validated and verified.  They 
must be maintained and used in conjunction with valid operational data.  These 
requirements are costly and involve both direct cost of the experts, models and data and the 
indirect cost of using a possibly flawed process. 

1.7 Uses, Users and Resources 

The design and/or selection of a dynamic risk model will depend heavily upon the 
question(s) to be addressed, the users of the model and its expected results, and the available 
resources.10  Also, an effective design and selection process will solicit the expertise of a 
company’s various major functional units.  In and of itself, this communication network can 
be a significant benefit to company management.  

                                                 
10 These considerations, along with the others identified in this report, are summarized in Appendix A. 
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1.7.1 Uses 

As discussed more fully in Section 1.5, dynamic risk models for an insurance company 
have a variety of applications, including but not limited to: 

• Determination of the value of an insurance company or a block of policies to a 
potential buyer or seller; 

• Assessment of how an insurer might fare in a range of future economic, 
competitive, and regulatory environments; 

• Strategic planning, including asset-liability management, claims management and 
settlement strategy, tax planning, reinsurance planning and costing, and market 
strategy; 

• Tactical decision-making, including product pricing; 

• Capital adequacy and capital allocation decisions; 

• Liquidity analysis; 

• Identification of the kinds of risks that most threaten the solvency of the insurer; 
and 

• Support for company discussions with rating agencies. 

The selected application for the DRM model will be a key determinant of many of the 
model’s requirements.  Examples include: 

• The complexity of the model should reflect the question(s) being investigated.  
For example, if modeling long term capital needs, the underwriting experience 
may not need to be modeled by state and by coverage; 

• The model output should reflect an appropriate time horizon and accounting 
basis. For example, if the question(s) being addressed only require statutory 
results, there may not be a need to include a GAAP module; 

• The use of the results may determine whether a deterministic or stochastic 
model11 is more appropriate.  This decision in turn will greatly affect the resources 
and data needed, the model structure, and the form that output will take.  As an 
example, if the goal is to develop probability distributions of results, then an 
actuary will be using a stochastic model. 

                                                 
11 A stochastic model will reflect the uncertainty in a company’s estimated cash flows by treating one or 

more components of the cash flows as random variables from specified probability distributions.  A 
deterministic model will treat all estimated cash flows as though they are certain. 
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The development of a model must balance the need for complexity with usability and 
cost issues.  Indeed, if a model is too complex it could add unnecessarily to the development 
time and cost, it could mask errors in the model, and it could make results from the model 
harder to interpret.  On the other hand, if a model is too simple it may miss an important 
source of variation in results, it may not answer one or more of the questions being 
addressed, and it may lead to inappropriate conclusions and actions. 

1.7.2 Users 

Users of dynamic risk models include insurers that employ such models as tools for 
tactical and strategic decision-making, including pricing decisions.  Other users of the results 
of dynamic risk models can include regulators, reinsurers, investment bankers, financial 
intermediaries, institutional investors, securities rating organizations, and financial analysts.   

The intended users' needs are the primary consideration in designing and selecting the 
model.  The type of model used and its structure depend on users and their needs.  As an 
example, regulators may focus mainly on the insurer in total.  Company management may 
focus on the total corporation as well as individual products. 

As a practical matter, the model design should also take into consideration the expertise 
of the end user.  At one end of the spectrum, it may be that a model with a limited number 
of user-specified scenario options and input variables provides the best fit to the user’s 
needs.  At the other end of the spectrum, a user may want the control and flexibility to 
address almost any situation.  In the former case, if the user is applying the model almost like 
a “black box”, it becomes more important to have a plan of periodic review and update to 
the internal workings of the model.  Otherwise, the user may continue producing results 
when in fact the model’s parameters have become outdated. 

 

1.7.3 Resources 

The choice of dynamic risk model will depend on the available resources: 

• people available for system design and programming; 

• data from which to derive assumptions and with which to initialize the model; 

• money available to purchase an existing software package; and 

• computer architecture.   

Detailed dynamic risk models require a significant investment of time for research to 
determine assumptions, for validation of results, and for maintenance to keep the model's 
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logic current and to revise assumptions in light of new data.  Such models also require a 
significant expenditure of time to interpret the results. 

The purpose of the analysis and the level of detail of the projections often determine the 
choice of computer architecture.  A simple spreadsheet might be appropriate if the purpose 
of the study is to highlight the effects on financial results of one particular risk, such as 
adverse development of loss reserves.  At the other extreme, complex, report-generating 
software with a user-friendly front-end and efficient coding of the detailed calculations might 
be appropriate if the model is intended to cope with a wide range of different problems and 
be used by a wide range of users. 

1.8 Final Considerations 

Even though computer technology is expanding at a dramatic pace, management must 
still be mindful that “the devil is in the details.”  Like any other business decision, the cost of 
creating the model must be weighed against the expected benefits to be gained.  A DRM 
model is not off-the-shelf software – it is a process of gaining knowledge through the 
combination of analysis, data and technology.  Additionally, a model is only as valuable as 
the information that comes out of it.  That information is dependent upon how well the 
model reflects reality.  Therefore, model builders should expect to spend considerable time 
testing and validating the variables used in a model. 

By clearly defining the business problem(s) to be addressed, the model builder can: 

• select an appropriate model structure (i.e., what business areas to include), 

• decide which variables (e.g., claim costs, premium growth, etc.) and their 
interrelationships should be in the model, 

• determine what types of scenarios should be developed and modeled (e.g., 
interest rate environment, competitive environment, etc.), 

• estimate the parameters that should be used for each variable (i.e., the 
mathematics that specifies the behavior of each variable), and 

• test and validate the reasonableness of the assumptions and their interactions 
(e.g., the projection of future claim payments versus historical levels of claim 
payments). 

In other words, the model design is specific to the problem(s) being addressed.  While 
technology has enabled us to keep track of more details, management’s confidence in the 
results of a DRM analysis will also depend on their confidence in the analyst, the data and 
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the model being used.  This is not a one-shot process – a DRM model must be continuously 
updated to remain relevant in the ever-changing environment in which companies operate. 
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Chapter 2 – Overview of DRM Process 
             
Learning Outcome Statements  

1.  What are the common building blocks of a DRM model? 
2.  What are the issues and considerations? 

 3.  What are the process steps and milestones? 
 4.  How does DRM fit into Strategic Management? 
 
 
Outline of Chapter 

• 2.1  Introduction 
• 2.2  Scenarios (New) 

o 2.2.1  Integrate with overview of Strategic Management process and use 
consistent terminology throughout all chapters.  This should help others 
understand goals of modeling and remove confusion over terminology (e.g., 
Strategies, Tactics, Operations) 

• 2.3  Importance of Scenario Testing and Selection of Assumptions 
• 2.4  Modeling Considerations 

o 2.4.1  Stochastic vs. Deterministic 
o 2.4.2  Time Horizon 
o 2.4.3  Generalized vs. Tailor-Made 
o 2.4.4  Logic vs. Input 
o 2.4.5  Interrelationships with External Systems 
o 2.4.6  Relationship between Parent and Subsidiaries 

• 2.5  Model Specification and Validations 
• 2.6  Insurance Company Risks  

o 2.6.1  Asset Risk 
o 2.6.2  Obligation Risk 
o 2.6.3 Asset Liability Management (ALM) Risk 

• 2.7  Sensitivity Test (New) and Feedback Loops/Adapting to Change 
o 2.7.1 Event Risk 
o 2.7.2 Management Risk 
o 2.7.3 Corporate Finance Risk 

• 2.8  Presenting the results ( New) 
o 2.8.1 Performance Measures 
o 2.8.2 Risk Metrics 

• 2.9  Keeping the Model Relevant 
• 2.10 Sensitivity Test and Feedback Loops/Adapting to Change 
• 2.11 Presenting the Results 
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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. 
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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 

o Degree of Structure 
o Range of Involvement 
o Level of Integrations 
o Complexity 
o Degree of Reliance on Technology 

• Performance – Understanding performance requirements lead to a review of the process: 
o Capacity 
o Consistency 
o Productivity 
o Cycle time 
o Flexibility 
o 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: 
o Tradeoffs involving external business processes, i.e., tax considerations 
o Organizational policies, practices, politics, and plans 
o 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 strategies1 (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. 

                                                 
1 “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. 
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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.    
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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 scenarios2 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 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.) 
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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 
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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. 
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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). 
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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 categories3. 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 obligations4 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. 

 
 
  

                                                 
3 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). 
 
4 Any tangible or intangible commitment by, requirement of, or liability of a plan or an insurer that can reduce 
receipts or generate disbursements. 
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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. 
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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 risk5 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 

                                                 
5 Risk Management (2001), Michel Crouhy, Dan Galai and Robert Mark, pages 177-179 
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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:  
o Process Risk – the uncertainty that actual losses and expenses will differ from 

expectations and assumptions. 
o Parameter Risks – the uncertainty regarding pricing parameters, model 

specifications and assumptions about future loss costs (including LAE) and 
operating expenses. 

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



 13

• 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 itself6; 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;  

                                                 
6 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. 
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• 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 
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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.  
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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 Supervision7 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 
                                                 
7 Sound Practices for the Management and Supervision of Operational Risk, Basel Committee on Banking 
Supervision, Bank for International Settlements, February 2003  
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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.   
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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.8  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:9  
 

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); 
                                                 
8 Financial reporting, and therefore modeling, may be more complex for international users.   
 
9 Adapted from Dynamic Financial Modeling - Issues and Approaches, Thomas V.  Warthen III and David B. 
Sommer: CAS Forum, Spring, 1996. 
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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.  
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2.9 Keeping the Model Relevant10 
 
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. 
 

                                                 
10 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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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. 
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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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Learning Outcome Statements: 
1. Understand the definition of DRM strategy, and the difference from the scenario  
2. Understand the various strategies available to a Property & Casualty insurance 

company 
3. Understand the interdependence among DRM strategies 
4. Understand the concept of optimization of DRM strategies 

             

3. INTRODUCTION 

When an insurance company is faced with a series of strategic, tactical options, it is 
difficult to decide which one to pursue without understanding the impact of various 
proposed business strategies, tactics or operational planning under a variety of possible 
future scenarios. DRM can assess the impact on the company’s surplus of various selected 
strategies and illustrate the links between strategies and results.  With DRM tools, the 
company can better position its organizations to achieve a competitive advantage, to earn an 
appropriate return and/or to minimize the company’s exposure to insolvency. 

A key focus of DRM is solvency risk. It is of interest to not only the regulators but others 
that may be concerned with the ability of insurers to meet their financial obligations.  Under 
a solvency focus, the modeler is primarily concerned with downside risk, and is expected to 
select a set of plausible scenarios that are sufficient to test all material threats to a company’s 
solvency.  At the same time, for other stakeholders - insurance company managers, 
employees, and investors - the focus is the capacity of an insurer to grow and prosper.  
Under this broader focus, the modeler is concerned with profitability as well as solvency, and 
is expected to expand the set of plausible scenarios to include lesser risks of financial loss as 
well as an appropriate number of favorable outcomes.   

These issues center on the use of DRM as a tool for the development of dynamic 
financial analysis (DFA) models, or the current emphasis on issues pertaining to enterprise 
risk management (ERM).  However, there are other uses of DRM in the quantification of 
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risks associated with specific insurance strategies in the areas of pricing, growth, reinsurance, 
investment, reserving strategies as well as capital structure and optimizations.  These topics 
are discussed in this chapter. 

 

The following is a brief overview of specific insurer strategies which could be analyzed 
under DRM.  

3.1 Pricing Strategy 

An arbitrarily large increase in rates is likely to place a company at a competitive 
disadvantage.  However, it does not necessarily follow that a very competitive rate level will 
denote a competitive advantage position.  In fact, notwithstanding how competition is 
compared, very low rates that are unable to cover a company’s costs represent a threat to its 
financial strength.  If the low rates persist, this could grow to become a material threat to 
solvency. If this is accompanied by rapid growth and hidden by under-reserving, the extent 
of the resulting damage could be an unpleasant surprise to stakeholders and the 
management. 

Competitive positions do not always pose a hindrance to pricing strategy.  Some scenarios 
manifest risks that adversely impact all market participants.  Under such a scenario, each 
company will be compelled to take corrective measures and will be able to do so without 
creating a competitive disadvantage, because competitors are taking similar corrective 
actions.   Economic inflation is an example of such a scenario.  Therefore, a pricing strategy 
that calls for rate increases to offset the effect of inflation is not necessarily unrealistic 
relative to market conditions.  However, the mechanics underlying such a strategy should be 
well thought out.  For example, there may be a response lag if no company wants to be the 
first to react with a price increase. Also, particular jurisdictions may set up regulatory 
impediments to widespread price increases, leaving all market participants in that jurisdiction 
worse off than they would have been without the inflation scenario. 

A DRM model that deals with pricing strategy should incorporate constraints to ensure 
reasonable consistency with market conditions.  For example, if a company’s pricing strategy 
calls for a rate level increase, but its rates are already at or above competitive levels, then a 
realistic DRM model would also call for a corresponding reduction in the company’s growth 
rate or a reduction in its market share. DRM models incorporating market conditions will 
produce more realistic and reliable tests of a company’s pricing strategy. 

A properly designed pricing strategy should take into consideration of the categorization 
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of insurers as direct writers, independent agency companies, and regional carriers. Generally, 
independent agency companies and regional carriers do not attempt to compete on price 
alone. These carriers often emphasize quality service or specialty in jurisdictions with unusual 
rate regulation or underwriting restrictions.  

3.2 Growth Strategy 

In the realm of the company’s operation, the objective of a growth strategy is additional 
revenue without reduction in margin. Any company’s business plan components include 
measures for its growth target. A growth strategy may entail significant risk factors.  If the 
growth opportunity arises from a successful new product, a mutually beneficial strategic 
alliance, or market penetration in an area about to experience rapid population growth, the 
growth target may be attainable without a disproportionate increase in risk.  However, if the 
implementation requires a significant price reduction without a corresponding reduction in 
costs, the growth target for revenue may be achievable, but only at the risk of substantially 
reduced profitability. In this case, it might be counterproductive to attract new customers by 
reducing prices for all customers.  

Properly incorporating a growth strategy into a DRM process requires analysis of the 
implementation details. You might ask questions like: 

• Will a price reduction be required?   

• Are existing resources adequate or will additional resources be required to handle 
the increased volume?   

• Will there be increases in the sales staff or advertising budget?   

• How many additional new business revenue dollars can we expect from each 
dollar expended on advertising?  

• Is additional capital required?   

The answers to these and other questions will affect loss ratio, expense ratio and other 
key assumptions underlying the DRM process and are therefore needed for complete 
specification of the growth strategy.  In other words, an effective DRM process requires 
more than simply plugging a growth rate assumption into a computer model.  

Some companies have observed that new business loss ratios are typically higher than 
those for renewal business.  Therefore, a growth strategy should increase the loss ratio for 
the entire book, all other things being equal. 

Growth as a result of expansion into areas new to the company poses another source of 
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risk.  Given the uncertainty of outcome for new ventures, it would be prudent for the DRM 
process to incorporate scenarios depicting outcomes for the new venture that are more 
unfavorable than those depicted for the company’s core business.  This approach would test 
whether or not risks associated with expansion pose a material threat to the financial 
strength of the company as a whole.  If such analysis indicates an unacceptable level of risk, 
there may be alternative growth strategies to consider.  The company might be able to 
negotiate an arrangement with a reinsurer that has expertise in the expansion area.  A 
proportional reinsurance cover is one device to reduce the financial risk of a new venture 
and tapping the reinsurance partner’s expertise may help to reduce uncertainty about the 
outcome. 

Other external events could have a material adverse affect on the success of a growth 
strategy.  An economic recession could potentially reduce the aggregate available premium 
volume for all market participants, thereby making it difficult for any market participant to 
achieve its growth target. Therefore, a complete analysis of a growth strategy should 
comprise all plausible scenarios for material internal and external influences. 

3.3 Reinsurance Strategy 

For a small company or a company with substantial exposure to catastrophic losses, 
reinsurance protection is essential.  Reinsurance providers, who also desire to write business 
at a profit, have overhead and marketing costs that need to be included in their price 
structure.  Therefore, reinsurance protection has a net cost, which over time will erode a 
primary company’s profitability especially if the company habitually purchases excessive 
amounts of reinsurance. 

A properly structured reinsurance program can significantly reduce the cedant’s risk 
exposure and capital requirement. However, if improperly designed, a reinsurance program 
may be inefficient in reducing the total risk of the cedant. The DRM process can be used to 
determine an optimal reinsurance program for a company and reduce the overall cost of 
capital. A number of DRM models currently in use have been developed for that purpose. 
Typically, a set of proposed reinsurance structures are selected.  The DRM model simulates 
gross losses in sufficient detail to calculate ceded losses using each of the proposed 
structures.  Catastrophic loss models are commercially available to simulate catastrophe 
losses by zip code, from which the appropriate cessions can be calculated.  Results are 
compared and the optimal reinsurance structure is selected based upon predetermined 
risk/return metrics.  

Another reinsurance related risk is the potential for uncollectible reinsurance.  All other 
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things being equal, the severity of this risk increases with the amount of protection 
purchased.  The concentration of reinsurance protection may also increase uncollectibility 
risk.  Frequently, more than one reinsurance provider may be a party to a reinsurance 
contract.  Therefore, a contract with fewer providers assuming proportionately larger shares 
would also increase the severity of the uncollectibility risk where the failure of a single 
provider is perceived to be the likely manifestation of that risk.  Other criteria bearing on the 
risk of uncollectibility is the financial strength of each provider, the nature of the coverages 
involved, and general reinsurance market conditions.  Under prolonged soft market 
conditions in the reinsurance sector, multiple insolvencies could occur. In that case, even the 
increased number of participants may not necessarily reduce the risk of uncollectibility. 

The DRM process can be used to assess the potential impact of uncollectible reinsurance 
under various default scenarios (frequency), and loss given default (severity) can also be 
tailored to emphasize different aspects of this risk.  For example, where the subject line of 
business has a very long tail, the risk of a single provider default could be modeled by 
assuming default rates that increase over time, starting with a negligible provision during the 
contract year and rising to material levels in later years. 

3.4 Investment Strategy 

An integrated DRM model combines the underwriting and investment strategies of the 
company to promote a better understanding of how business decisions affect the entire 
organization.  There are a number of risk related issues associated with investments strategy, 
including diversification, ratings, liquidity, and call risk, to name a few.   

Because bonds comprise the largest asset class held in property & casualty insurer 
investment portfolios, fluctuating asset values due to interest rate volatility is a major risk 
factor. Amidst the interest rate volatility factor, a number of considerations apply to the 
design of an optimal investment strategy.  Yield rates, cash flow, regulatory constraint and 
tax strategy also play an important role.   

The distribution by term must also be considered for investment strategies. An insurer 
can increase yield by heavily weighting the portfolio with long term bonds; however, an 
adverse movement in interest rates could depress bond values at a time when cash assets are 
needed to cover unusually heavy loss payments.  The risk of a cash shortfall can be avoided 
by investing exclusively in cash or short-term securities. However, the company would then 
be at a disadvantage relative to competitors earning higher yields on a more balanced 
portfolio. 
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The DRM process is an ideal construct for synthesizing these various considerations and 
testing potential investment strategies against a wide range of scenarios.  The scenarios 
selected should include adverse inflation events as well as other events that affect the 
amount and timing of cash flows in addition to scenarios that affect the performance of 
various invested assets. 

3.5 Reserving Strategy 

It may seem odd to think of reserving as strategy; however, companies do make choices 
about resources devoted to the reserve estimation process and about the appropriate reserve 
amount to carry on the company’s balance sheet.  The reserve carried on the financial 
statements represents managements current point estimate, but there is a range of estimates 
that are reasonable.  The amount carried may or may not agree exactly with the amount 
estimated by the company’s appointed actuary.  It quickly becomes obvious that there are 
many different levels of reserve adequacy advocated within the company.  The same is true 
for variations of reserve adequacy levels across companies.  As a result, different companies 
have different levels of reserve adequacy and some companies seem to have consistent 
patterns with respect to levels of adequacy.  

Significant reserving uncertainties stem from how claims are settled, which results from a 
dynamic environment. The level of settlement costs can be affected by claim stipulations and 
commutations, structured settlements, the term structure of interest rates, the impact of tax, 
changes in legal environment and other factors.  

Where a range of plausible estimates has been determined, it would be prudent to include 
scenarios in the DRM process that generate loss development amounts spanning that range.  
It would also be prudent to design scenarios that provide alternative views as to the efficacy 
or expected outcome of claims settlement initiatives.   

The set of scenarios should include appropriate external influences as well. For instance,   
an increase in the rate of inflation can adversely impact reserve adequacy and reserve 
development.  In addition, legislation or judicial decisions may also have retroactive impact 
on reserving strategies. 

3.6 Capital Structure 

A number of strategic issues arise from the deployment of capital.  Firstly, the level of 
capital is a key component here:  too little capital can constrain growth, possibly resulting in 
missed opportunities.  A reduced level of capital also increases the risk of reduced financial 
strength ratings from A.M. Best, S&P, Moody’s, Fitch and others, which also impair a 
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company’s ability to compete.  On the other hand, excessive capital is an inefficiency that 
adversely affects stockholders or other providers of capital, who expect the same return on 
each additional dollar that they provide.  Another capital structure issue is the mix of debt 
and equity capital.  Under Modigliani-Miller (M-M) assumptions, the firm’s value is 
unaffected by its capital structure.  However, firms do not operate under the very restrictive 
set of M-M assumptions required for this statement to hold.  Increasing the level of debt 
e.g., sidecar agreements or surplus notes, potentially reduces the cost of capital.  On the 
other hand, under certain adverse conditions, debt service can become a serious financial 
burden, e.g., during soft markets. 

Similar capital considerations apply to determining the level of stockholder dividends.  
Some companies that pay cash dividends prefer to maintain a constant rate of payout or one 
that increases gradually over time.  Increasing the rate of payout increases the risk of an 
unplanned interruption to the historical pattern.  Also, a high rate of payout could affect the 
amount of capital available for growth opportunities that may arise from time to time. 

DRM can better quantify the appropriate level of capital a company needs to support the 
business risks it is taking, given the uncertainties of future economic condition, interest rate 
levels, and underwriting result. Underlying each of these capital structure issues is the 
suggestion of an optimal course of action that depends upon internal and external influences 
with unknown future impacts. The DRM process can help management understand which 
alternative provides the greatest marginal benefit for the risk and identify these optimal 
capital structure strategies. 

3.7 Optimization of strategies 

One of the goals of DRM is to provide management with a quantitative look at the risk-
and-return trade-offs inherent in various strategic options and, if possible, to identify optimal 
strategies.  Optimal strategies are not forecasts, but are rather providers of optimal decision 
rules that endeavor to make the most of market movements. The objective is to maximize 
the return while minimizing the risk associated with it, rather than trying to predict the next 
market movement or its direction.  For example, regardless of the direction of the 
underwriting cycle, a good strategy will provide the ideal path through this underwriting 
cycle.  

The first step in a typical DRM process is to determine a set of scenarios that adequately 
test all of the proposed strategies. Each proposed strategy is associated with a set of 
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outcomes, one outcome for each scenario.  For each outcome, the performance measure1  
can be expressed in the context of risk-and-return tradeoffs. Thus, it is helpful to have two 
measures: one for risk and one for return. Collectively, these will help us to compare 
performances among different strategies.2   

The appropriate risk measure is not necessarily the same for all applications. For example, 
another common reinsurance application is setting the retention for an excess of loss cover.  
Increasing the retention would increase return by lowering the premium cost of the 
reinsurance program.  The downside of a retention increase is greater loss variability with 
possible additional stress on surplus.  For such an application, expected policyholder deficit 
would not be a practical risk measure.  A more practical measure might be one directly 
related to the increased loss ratio variability, such as, “the expected volume of losses 
exceeding a 3% increase in the loss ratio”.  Therefore, for DRM applications, risk measures 
should not be adopted without careful consideration. 

Once the risk and return measures have been applied across all outcomes, the concept of 
“efficient frontier” can be borrowed from portfolio theory3. A common implementation of 
this concept is to graph the results of competing strategies as points on a grid where the y 
axis is the return measure and the x axis is the risk measure.  This constitutes the diagram 
commonly known as the efficient frontier. 

 
 
 

 

 

 

 

 

 

 

                                                           
1 A random variable which is chosen for describing the performance of the enterprise within the 
modeling context in terms of relevant to the problem 
2 Please see chapter 7 and 8 for detailed discussion of performance measure and risk measure. 
3 The central theme of portfolio theory is that rational investors behave in a way reflecting their 
aversion to taking increased risk without being compensated by an adequate increase in expected return. 
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Using this device, a point that lies directly below or directly to the right of another point 
is determined to be a suboptimal strategy, such that one of the competing strategies either 
provides better return for the same risk or the same return for less risk.  Points that are not 
suboptimal may lie on or close to the efficient frontier, where returns cannot be improved 
without increasing risk and risk cannot be reduced without reducing returns. The rationale 
behind the concept of the efficient frontier can be summarized in three points: 

• For any two strategies the risk measures are the same, the better strategy is the one 
with the higher return measure. 

• For any two strategies with the same return measure, the better strategy is the one 
with the lower risk measure.   

• Finally, if strategy B has a higher return than strategy A and a lower risk than strategy 
A, then strategy B is better than strategy A.   

When all available strategies have been measured and plotted on the risk/return 
coordinate, they roughly form a boundary –the efficient frontier–, which separates the 
unattainable from the suboptimal and contains a one-dimension set of rational strategies 
available to management. In reality, since most business strategies are far more complex and 
multi-dimensional than simple portfolio selection, we do not have such convenient 
mathematical results as convexity.  We can only be theoretically certain that such a boundary 
exists. 

The selection of optimal strategies would be much simpler if there were only one measure 
to deal with instead of two.  Unfortunately, it appears that for most of the problems 
requiring a DRM process to solve, the return measure must be supplemented by a risk 
measure.  If an alternate strategy produces a higher return, it seems that there is usually a 
downside that changes the risk profile and requires a risk measure to permit a fair 
comparison against an alternative strategy. 

There is no universal algorithm for selecting the optimal strategy from those that lie on 
the efficient frontier.  If those that remain are ranked by the return measure, the same 
ranking will apply to the risk measure.  In other words, at the “efficient frontier”, higher 
return is accompanied by higher risk.  Because different companies will have different 
appetites for risk profiles, there is no single selection procedure that will yield the optimal 
strategy for every company. 
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3.8 Conclusion 

Through our examples of insurer strategies, we have illustrated that competitive 
disadvantage is a major risk that affects the evaluation of almost every strategy.  However, 
proper consideration of this source of risk affects the design of scenarios more than the 
design of risk measures.  When constructing scenarios to evaluate a strategy, competitive 
position will almost always be a material consideration.  Viewing a company in isolation 
from the rest of the market could lead to faulty scenario design.  Competitive position 
explains, for example, how a rate increase might actually decrease revenue.  Without a 
consideration of competitive position, one might erroneously assume that a rate increase 
always increases revenues and profits. 

DRM makes a unique contribution to the analytical tools available to evaluating the 
difference in financial result arising from different strategic decision. The DRM process 
assists the insurance executive or risk manager in fully accounting for the interplay between 
the financial results and business strategies.  
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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 
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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. 
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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 
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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.  
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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.  
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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 
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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 
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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 
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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 
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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 
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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. 
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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 
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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      
       
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 4m 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%.   
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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 
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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.  



Chapter IV – Scenarios 
 

IV-16  Casualty Actuarial Society – Dynamic Risk Modeling Handbook 

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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Learning Outcome Statements 

1. Learn the financial risks associated with assets 
2. How to measure and manage asset risk 
 

5. ASSET RISK MEASUREMENT 

Insurers face a multitude of risks. While an insurer’s risks are often driven by events and 
liabilities, they also face significant risks on the asset side of the balance sheet. These risks 
include market risk – risk of adverse changes in asset prices, credit risk – risk of non-
payment from an obligor, interest rate risk – risk of changes in asset values due to changes in 
real interest rates, foreign currency risk – risk of changes in value for which assets can be 
exchanged in different currencies, reinvestment risk – risk that any interest payments, 
coupon payments, or dividends will not be able to be reinvested at the initial investment rate 
of return, liquidity risk – risk that an asset has to be sold at the depressed market price, and 
inflation risk – risk of changes in asset values due to unexpected changes in the inflation rate. 

5.1 Market Risk Modeling 
[need intro] 
Modeling a insurer's financial statements will require us to simulate both the liabilities and 
the assets.  In other chapters we will discuss liabilities, such as hurricanes, and instances 
where liabilities and assets move together, such as future premium growth.  In this chapter, 
we will discuss portions of the model where we are only modeling assets.  In general, this 
is restricted to investment activities, although it can also include currency risks if the 
insurer regularly moves money between units in different companies. 
Modeling assets would be relatively straightforward if we chose to model each individual 
asset.  It would also be very cumbersome, given the large portfolios that most insurers hold.  
Given this difficulty, most modelers will opt to model the investment portfolio through 
some rather large buckets that aggregate their holdings.  This approach will require the use 
of several summary statistics, such as duration and convexity, which are discussed below.   

5.2.1 Duration 

Duration, commonly referred also as Macaulay duration, is a measure of the sensitivity of 
the price of a bond to a change in interest rates. It can also be interpreted as a measure of how 
many years it takes for the price of a bond to be repaid by its internal cash flows. Duration 
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considers the time value of the cash flows expected from the future, i.e. it takes account of the 
timing of the cash flows, unlike term to maturity, which assigns equal weight to all cash flows. 
The concept was developed by Macaulay in 1938 and its strict definition is “a weighted average 
term to maturity where all cash flows are in terms of their present value.” That is, 
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where P is the price of the bond, 
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Obviously, a zero coupon bond has a duration equal to its term to maturity, since C=0. 
High coupon bonds will have a short duration whereas a low coupon bond will have a long 
duration. Intuitively, the high coupon bond will be able to repay the price of the bond faster 
than the low coupon bond. 

The relationship between price and duration is derived from the first derivative of the bond 
price function, which equals the sum of present value of all cash flows i.e. all coupons and the 
final face value payment. 

 
dP Ddy
P

= −  or  dP PDdy= −

where P is the price, D is the duration, dP is the price change and dy is the yield change. 
This key duration relationship shows that the percentage change in a bond price is 
approximately equal to its duration multiplied by the size of the shift in the yield curve.  The 
chart below shows this relationship. 

For example, a two-year 6% bond with face value $100, with semi-annual coupon 
payments, duration is as follows. 
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Time Cash Flow Present Value Weight Time*Weight
0.5 3.0000 2.9277 0.0287 0.0144
1.0 3.0000 2.8571 0.0280 0.0280
1.5 3.0000 2.7883 0.0273 0.0410
2.0 103.0000 93.4240 0.9159 1.8319

101.9972 1.9153

10 basis point increase in yield:
-0.195351494101.9972*1.9153*0.1%dP PDdy= − = − =

 
The weight column is calculated by dividing all the present values by the sum of the PV, 

which is also the value of the bond today. Effectively 1.9153 is the duration of this bond. It 
means for every 10 basis point increase (0.1%) in yield, the price of the bond decreases by 
approximately 0.195. As we can see here, the higher the duration, the greater the price impact 
of a parallel shift in the yield curve.  Accordingly, long-term bonds are more volatile.  

The relationship between duration and price stated above assumes that y (the yield) is 
expressed with continuous compounding. If y is expressed with annual compounding, 
modified duration applies. 

*
1

PdP Ddy P MDdy
y

= − = −
+

 

MD (modified duration)1 = D/(1+y) 

The duration, D, of a bond portfolio is a weighted average of the durations of the 
individual bonds in the portfolio, with the weights being proportional to the bond prices. 

A high level of duration indicates that the bond is more sensitive to changes in interest 
rates. This also indicates that for a given coupon rate and yield to maturity, bonds with a 
longer term to maturity are more sensitive to changes in interest rates than corresponding 
bonds with a shorter term to maturity. One of the applications of duration is to use it to 
protect or “immunize” a portfolio that consists of both liabilities and assets, against small 
parallel shifts in the yield curve. This strategy is often referred to as duration matching or 
portfolio immunization. The basic idea is to match the duration of one's investments with the 
duration of one's liabilities.  Alternatively, one might match the duration of the reserves with 
the duration of the liabilities and invest the surplus at a longer duration. 

It is important to note that either D or MD only explains price changes resulting from small 
parallel yield curve shifts within approximately 25 basis points (“bps”). When the yield curve 
shift is large, another factor, convexity, is important. 

                                                           
1 If the compounding frequency is m times per year, then it would be MD = D/(1+y/m). 
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5.2.2 Convexity 

While duration is an indicator of how responsive the price of a bond is to a small change in 
the yield to maturity, for larger changes in interest rates, duration proves to be insufficient. As 
shown in Figure 1 (modified duration and the price/yield curve), as we move away from the 
initial yield, in this case 10%, the discrepancy between the actual price change and the 
modified duration gets larger and larger due to the curvature of the price/yield curve. This is 
what is referred to as convexity of the curve. A bond with higher convexity is more volatile 
than the one with less convexity. 

Modified Duration and Price/Yield curve
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Figure 1. Modified duration and Price/Yield curve 
 
 
Convexity is derived from the second derivative of the price/yield function. 
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The first term on the right hand side is the duration measure derived earlier. The term 2

2

dy
Pd  is 

referred to as the dollar convexity measure while 
Pdy

Pd 1
2

2

 is referred to as the convexity 

measure. Incorporating these terms into the analysis gives us a better idea of how sensitive 
bonds are to changes in interest rates. 
 
The dollar convexity measure is given as  
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Hence the percentage price change due to convexity is given as  

2y)measure)(dconvexity (
2
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Combining with duration gives us the bond’s sensitivity as ,  

21 ( )
2

dP Ddy C dy
P

= − +  

 
Therefore, to immunize a bond portfolio of assets and liabilities from a relatively larger 

parallel shift in the yield curve one should match both duration and convexity. 

Bond managers typically prefer bonds with a high level of convexity. This can be 
demonstrated by the graph below 
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The two graphs above show the current price/yield relationship between bonds A and B. 
At a yield of 6.0%, the two bonds have the same duration since a small change in yield 
brings about the same proportionate change in the bond price. However bond B has a 
higher level of convexity than bond A, as shown by its more “curved” price/yield line. 
Hence for a large decrease in yield bond B will experience a greater increase in price than 
bond A, and for a large increase in yield bond A will experience a greater fall in price than 
bond B. Hence fixed income managers prefer bonds with a higher level of convexity. 

Two further results concerning convexity are as follows: 

• For a given yield and maturity, the lower the coupon the greater the 
convexity. 

• For a given yield and modified duration, the lower the coupon the smaller 
the convexity. 

The above analysis assumes there is a parallel shift in the yield curve, which brings about 
the change in the yield. In practice, however, such “pure” shifts are rare. A whole host of 
movements in the yield curve are often witnessed and, in particular, the short end of the curve 
is often seen to be more volatile than at the long end of the curve. Hence solely using duration 
and convexity to determine how sensitive the bond portfolio is to interest rate changes is 
insufficient. Much research has been dedicated to measuring the interest rate sensitivity 
brought about by non-parallel interest rate changes. A common technique used in practice is 
the “key rate” analysis technique. Key rates are particular rates, which the analyst believes 
adequately characterize the whole movement in the yield curve. Hence a fixed income manger 
will try to construct a hedge portfolio based on these key rates and so subsequently immunize 
the bond portfolio from interest changes.  

 

5.2.3 Effective Duration and Negative Convexity 

 
The previous discussion of duration and convexity assumes that bonds are option free. 

However, an increasing number of bonds no longer satisfies this assumption. Mortgage-
backed securities (MBS), convertible bonds and asset-backed securities (ABS) are just some 
examples where an option is embedded within the bond.  

As an example, consider the MBS. Holding such bonds allows the bondholder to receive 
coupons, which are dependent on the repayment of mortgage payments by borrowers. 
Mortgages, however, are subject to prepayment risk, which is dependent on the level of the 

6  Casualty Actuarial Society Forum, Season Year 
 



interest rates. For instance, assume a borrower has taken out a 30-year mortgage with a fixed 
interest rate of 10%.  An MBS backed with this type of mortgage will continue to pay coupons 
as long as the mortgage payments are paid. Hence the bond should also have a 30-year 
maturity.  If interest rates fall considerably, however, the borrower may repay the mortgage 
early by refinancing at a lower interest rate.  In this case, coupon payments on the original 
MBS will stop. This would indicate that as interest rates fall the bonds will not increase in 
value as much as option-free bonds and may even fall. This is referred to as negative convexity 
and can be shown in the graph below. 

Negative convexity means that price appreciation will be less than price-depreciation for a 
large change in the yield. For an option-free bond, positive convexity exists where the price 
appreciation is greater than the price depreciation for a large change in the yield. 
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As shown above, a fall in the yield below y1 brings a smaller increase in price versus an 
increase in the yield above y1, which produces a larger fall in price.  

While our original measure of duration proves insufficient when measuring interest rate 
sensitivity on option-free bonds, a new method, referred to as “effective duration,” is 
instead used:  

 

Effective duration = 
))((2 0 yP

PP
Δ

− +−  

 
Where  
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−P  = the new price following a fall in the yield by yΔ  basis points 

+P  = the new price following an increase in the yield by yΔ basis points 

0P  = the original price of the bond 
yΔ  =change in the yield 

 
Similarly, effective convexity is defined as  
 

 Effective convexity= 2
0

0

))((
)(2

yP
PPP

Δ
−− +−  

 
Hence while duration is often used as a measure of interest rate sensitivity, modified 

duration should be used for option-free bonds while effective duration should be used for 
bonds with embedded options. It might be worth mentioning that effective duration is the 
same as modified duration for option-free bonds, for small changes in y.  They are merely 
derived differently.  Effective duration is a more robust method that works for bonds with 
options. 

 

5.2.4 Value at Risk (VaR) 

In 1952, Markowitz provided a quantitative framework for measuring risk and return.[8]  He 
used mean returns, variances, and covariances to derive an efficient frontier where an investor 
could either maximize the expected return for a given variance or minimize the variance for a 
given expected return. In this case, variance, the probability-weighted average of squared 
deviations from the mean, was the key measure of risk.[7] The main advantage of using 
variance as a measure of risk is its simplicity. The disadvantage, however, is that the variance 
measure symmetrical distributions (e.g., returns greater than the mean happen with equal 
probability of returns less than the mean) even though there is significant evidence that the 
underlying distributions are nonsymmetrical. In addition, variance is not very intuitive as it 
defines risk in terms of the square of the deviations from the mean, not dollars. 

Over the past decade, another method has been used to measure downside risk, Value at Risk 
or VaR.  In fact, the idea of VaR in a portfolio context was developed half a century ago by 
Roy, where the concept was called the “safety-first principle”.[9]  It was not until after the 
publication of JP Morgan’s Risk Metrics document in 1994, however, that VaR became so 
widely used.[10] 

 

Definition of VaR 
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The definition of VaR is simple: 

 

VaR is the maximum predicted loss at a given confidence level over a specified time interval. 

 

As one can see, the interpretation of VaR is essentially a probability statement.  For 
example, if VaR = $200 million at 95% probability in one month, the probability statement is 

 

Probability (Portfolio loss will not be more than $200 million over the next month) >= 
95% 

 

Graphical Representation: 

 
 Probability

Portfolio Value 
1 month later 
($ Million) 

5% 

Current Portfolio Value = 
$1,200 million

VaR = $200  
million at 95%  

confidence level 
 

 
Advantages of VaR 

■ It is a nice summary of risk, only a single number is presented.  

■ It is relatively easy to calculate. 

■ It is easy to understand by non-technical managers and executives. 
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Disadvantages of VaR 

■ It has no indication of risk beyond specified confidence level. 

■ It does not capture all relevant information about risks in the market. 

■ Assumes fixed portfolio positions over horizon. 

■ It only captures the risk at a specific future time point. 

 

Calculation of VaR [need consistency in subheadings] 

 

There are several ways to calculate VaR in practice.  The following briefly describes three 
methods.  The reader can refer to JP Morgan’s Risk Metrics document and Smithson’s book. 
[11] 

 

1. Parametric Method [need consistency in subheadings] 

 

Using a parametric approach to calculate VaR for a portfolio can be very complicated due 
to the complexity of the covariance structure of different assets composing the portfolio.  To 
simplify the calculation, it is often assumed that the underlying assets have a normal 
distribution, and the portfolio return is linearly related to the returns of the underlying assets.  
With these two assumptions, portfolio returns will also have a normal distribution with the 
following mean and variance: 
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where iμ and  are the mean and variance of return for asset i, 2
iσ ijρ  is the correlation 

between the returns for assets i and j, and is the weight of asset i in the entire portfolio m.  
All these parameters can be estimated using historical data.  However, the correlation 
relationships among asset returns are not as stable as the mean and variance.  That is, they 
usually vary over time.  A minor improvement of the estimation of 

ia

ijρ  is to analyze the 
historical returns of different assets and to try to find external factors (e.g. high inflation 
period or low interest rate period) in segregating the data.  Then the estimation of ijρ  will be 
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based on the portion of the historical data with similar external factors. 

 

Since portfolio returns are assumed to follow the normal distribution, one can calculate the 
VaR of the portfolio after estimating the mean and variance of the portfolio returns. 

 

2. Historical Simulation 

 

Instead of imposing a distribution assumption for portfolio returns, one can make use of 
historical data by the following procedures: 

 

Step 1:  The main market factors affecting the portfolio value would need to be identified.  
For example, there may be 10 factors (prime rate, exchange rate, inflation, etc.) that are 
identified as the key drivers of a particular portfolio. 

 

Step 2: For each main market factor, trace back its historical movement. 

 

Step 3: Calculate the change in portfolio value based on each set of historical values of the 
main market factors. 

 

Step 4: An empirical distribution of the change in portfolio value can be formed and hence 
VaR can be calculated accordingly. 

 

A simplified version of this approach is to assume the current portfolio mix, derive what 
the portfolio value would have been if the current portfolio mix were used in the past (e.g. last 
100 days, last 50 months) based on the historical values of the underlying assets.  In this way, 
the empirical distribution of the portfolio is created. 

 

3. Monte Carlo Simulation Method 
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The method is similar to the Historical Simulation method discussed above.  The only 
difference is that a distribution assumption is imposed for each main market factor and the 
correlation structure among these factors is also assumed.  The parameters of the distributions 
and correlations are estimated using historical data.  The change in portfolio value will then be 
calculated based on Monte Carlo simulated values of the main market factors from their 
assumed distributions and correlation structure. 

 

Compared to the Historical Simulation method, Monte Carlo simulation requires the 
selections of distributions for the main market factors and their correlation structure.  These 
are usually done by separate analysis based on the historical data of these factors.  Again, like 
the Parametric method, one can segregate the historical data in the analysis to reflect similar 
economic environments. 

 

 

An extension of VaR – Exceedance Probability Curve (EP Curve)

Some property and casualty companies use the Exceedance Probability Curve (EP Curve) 
to capture the whole profile of VaR in understanding their financial risk in catastrophic events.  
The concept can actually be used in a portfolio risk measurement context.  The EP Curve is 
no more than a series of VaR numbers at different confidence levels over a specified time 
interval.  It gives some recognition to the risk beyond the single VaR figure, and it also helps in 
comparing the risk profile among different portfolios. 

 

Graphically, the EP Curve looks like the following:  

[Figure X] 
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Probability 

This particular point at EP Curve has the following meaning: 
At the confidence level of 95%, VaR = $200 million. 

Value at Risk
($ Million) 

5% 

200

EP 

 
 

Other than the fact that it does not capture the risk beyond the confidence level, VaR is 
also criticized because it is not “coherent” (discussed in Chapter 8). To understand the 
deficiency of VaR more clearly, we can interpret VaR as the minimum amount of loss in the 
event of the most adverse situation (e.g. the worst 5%).  To a lot of practitioners, this could be 
severely understating the risk exposure.  To better represent the risk in extreme cases, the 
expected losses in the “tail” seems to be a good choice.  The following graph illustrates the 
idea. 

 

 Casualty Actuarial Society Forum, Season  Year  13 



 
Probability 

Portfolio Value 
1 month later
($ Million)

5% 

Current Portfolio Value = 
$1,200 million

VaR = $200  
million at 95%  

confidence level 

Expected Loss 
for the 5% tail = 

$300 million 
 

 
In the above graph, the expected loss for the 5% tail ($300 million) is called “Conditional 

Value at Risk (CVaR)”. [Clarify further] 

As the above distribution of portfolio value is continuous, CVaR is also known as 
Expected Shortfall or Tail VaR (TVaR).  However, if the distribution is not continuous, 
CVaR, Expected Shortfall and TVaR may be different.  The following is the formal definition 
of these 3 risk measures. 

 

Expected Shortfall 

 

Expected Shortfall = Expected losses strictly greater than VaR at a certain user selected 
probability level 

 

e.g. The user determined a VaR of $200 million at a 5% probability level (or 95% 
confidence level) 

 Expected Shortfall = Expected losses strictly greater than $200 million 
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Tail Value at Risk (TVaR)  

 

TVaR = Expected losses greater than or equal to VaR at a certain user selected probability 
level 

 

e.g. The user determined a VaR of $200 million at 5% probability level (or 95% confidence 
level) 

 Expected Shortfall = Expected losses greater than or equal to $200 million 

 

Conditional Value at Risk (CVaR) 

 

To discuss this Conditional Value at Risk more formally, we need to introduce the 
following parameters: 

 

α = Probability level the user selected in determining the VaR amount (e.g. 5%) 

β = Probability that the losses are strictly larger than VaR at the selected α  

(Note α = β if the distribution of portfolio value is continuous at VaR) 

 

CVaR is essentially the weighted average of VaR and Expected Shortfall: 

 

 Shortfall) (ExpectedVaR-  CVaR ×⎟
⎠
⎞

⎜
⎝
⎛
α
β

+×⎟
⎠
⎞

⎜
⎝
⎛

α
βα

=  

 

One can see that CVaR = Expected Shortfall when the distribution of portfolio value is 
continuous at VaR (i.e. α = β). 

5.2.5 Extreme Value Theory 

Traditionally, returns are modeled as Gaussian or normally distributed, which gives the 
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probability density function (PDF) of the returns a familiar bell shape. However, financial 
market data strongly contradicts this assumption of normality. Most markets experience one or 
more daily moves of at least four standard deviations each year. Under normality, one would 
expect to see only a single four standard deviation move every 125 years. Clearly, using a 
normal distribution for risk management would grossly underestimate the true risk exposure 
(for this reason, VaR measures are often multiplied by a correction factor). 

 The most common alternative to normality is to model the distribution of the return 
shocks as a Student's t distribution. The PDF of a t-distribution has a similar shape to the 
normal distribution, but with fatter tails controlled by an integer parameter called the "degrees 
of freedom" (df) of the distribution; t-distributions with four to six degrees of freedom have 
tails fat enough to match the empirical frequency of extreme moves. 

A more advanced approach is to model directly the distribution of extreme moves using 
Extreme Value Theory (EVT). In EVT, the distribution of extreme moves beyond a certain 
threshold (e.g., four standard deviations) is given by a generalized Pareto distribution. This 
distribution is controlled by two parameters, which allow the risk manager to control both the 
fatness and shape of the tail, and thereby match even more closely the empirical distribution of 
extreme moves. 

The theory of univariate EVT was developed in the early 1920s through 1940s for the 
statistical modeling of radioactive emissions, astronomical phenomena, flood and rainfall 
analysis, and seismic events. It has gradually made its way from uses in the natural sciences to 
actuarial sciences and finance. EVT is by now a standard statistical tool for risk models in the 
insurance industry. Current developments of EVT in finance deal primarily with multivariate 
extensions to measure and model correlations of extreme. The hope ultimately is to use these 
new statistical techniques to improve risk management during financial crises, such as the 
ERM crisis in 1992 and the Russian crisis in 1998, when financial market correlations tend to 
increase. 

Modeling the distribution of extremes, however, is sometimes as much an art as it is a 
science. The problem is that, by the definition of extremes being rare events, we tend to have 
too few extreme observations to draw precise inferences about their distribution. Successfully 
modeling extremes therefore requires extensive experience with the various modeling 
techniques. 

5.3 Credit Risk Modeling 

Credit Risk is the change in the market value of the portfolio associated with changes in 

16  Casualty Actuarial Society Forum, Season Year 
 



expected or unexpected default risks associated with existing positions.  Credit risk arises from 
a number of sources, including suppliers, clients, and investments.  There are two major 
classifications of credit risk: credit spread risk and counterparty default risk. 

Credit spread risk is the change in a portfolio’s value associated with movements in 
observed credit spreads and is relevant to mark-to-market portfolios.  Financial markets 
demand an additional return on the liabilities of some firms, called a credit spread, due to the 
higher level of uncertainty around the viability of the firm.  Given the nature in which it is 
assumed and calculated, credit spread risk should be incorporated into the market risk 
measurement of a firm’s assets, if such analysis is performed under mark-to-market accounting 
rules. 

This section focuses on the latter form of credit risk – counterparty defaults and associated 
losses.  Counterparty default risk results in losses due to the actual default of an obligor, 
supplier, etc.  It focuses on measuring the uncertainty around the potential for and level of 
losses in a portfolio of credit exposures.  In the event of a counterparty default, a company 
generally sustains a loss equal the value not recovered from the outstanding exposure to the 
counterparty.  Recoveries often occur over a period of time and are the product of asset 
liquidation, foreclosure or restructuring. 

There are various approaches employed for managing default credit risk, ranging from a 
simplistic exposure limit approach that requires few, if any, calculations to a more complex 
estimation of distributions of losses and recoveries. 

 
5.3.1 Exposure Limit Approach 

The most basic technique for managing credit risk is to utilize a set of limits that ensure 
that the quantity of risk assumed through a variety of factors is kept within certain bounds.  
The goal is to restrict the exposure to any of the individual underlying factors and, therefore, 
ensure diversification.  This technique does not necessarily require quantification.  Instead, the 
limits can be set based on professional judgment related to the tolerance to assume exposures 
on a relative weighted basis within the context of the firm’s portfolio.  The limits, therefore, 
may not be based on an estimation of likely losses. 

Limits may be set for any individual firm or group of firms, either on an absolute basis or as 
a relative percentage of the portfolio.  These limits can be based on a variety of factors: 

■ Size of position or exposure 

■ Credit rating 
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■ Product type 

■ Industry or sector 

■ Country 

In addition, limits on the tenors or maturities of exposure may be implemented to cap the 
maximum life of an exposure. 

5.3.2 Loss Estimation Approach 

A major drawback of the exposure limit technique is that it does not give an estimation of 
likely losses, nor does it incorporate relationships across a portfolio in terms of diversification 
and concentration.  An enhancement to the limits approach is the modeling of the 
distributions of losses and recoveries. 

All of the underlying methodologies for loss estimation aim to determine the frequency of 
the credit events and associated severity of losses.  The common elements across the various 
methodologies are: 

 Exposure to counterparty 
 Probability of counterparty default  
 Loss severity given default 
 Recovery rate on and timing of loss 
 Estimation of losses incorporating all of the above elements 

5.3.3 Counterparty Exposures 

Exposures to counterparties may arise from a variety of arrangements.  For instance, 
exposures are generated through investments (both equity and debt), hedging positions, 
accounts receivable, or supplies and other inputs to the firm’s activities.  When determining 
the exposure to a counterparty, regard should be had for: 

 Specific structure and terms of instruments or agreements 
 All positions to that firm within the portfolio being analyzed 
 Offsetting arrangements for the exposures between the two firms 

5.3.4 Default Process 

Once the exposure has been determined, the loss estimation incorporates default 
probabilities to compute the frequency of credit events.  The major components of a credit 
risk measurement framework are the specification of the dynamic process governing several 
variables including: state of default and loss severity of the assumed instruments, as well as the 
correlation structure between these variables.  We will outline several common methods.  
There are three common methods used to model the default process: 
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■ Historical-default models: Historical bond default rate experience over 
several historic years is used to estimate a probability distribution for 
counterparty defaults segmented by rating and tenor.  Correlations between 
counterparties are derived using correlations, which often are derived from 
equity price movements for publicly-traded institutions. 

■ Default-intensity models: Counterparty default risk is estimated by tenor and 
rating by extracting the market’s expectations of forward default probabilities 
from the spreads between corporate bonds and riskless (in terms of default) 
assets, such as Treasury securities. 

■ Firm Value or Asset-Pricing Process: Firms use publicly-traded equity price 
information to develop a model for changes in the market value of counterparty 
equity and then simulate future firm valuations to determine the probability that 
firm equity falls below a critical bankruptcy threshold.  Various specific 
methodologies can be applied to determine this distribution. 

There are many theoretical approaches to estimating defaults including historical ratings 
migrations, implying default rates from credit spreads (reduced form), modeling debt as an 
option on the value of the firm (firm value process or structural approach) and 
econometric/hazard models (see Exhibit 1 below).   
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Exhibit 1: Overview of Approaches to Default Process 

Firm Value Process

Merton 
Hull & White 

Brennan & Schwartz

Duffie & White
Jarrow, Lando & 

Turnbull

KMV
Asset-pricing models

Credit Spread Models
Kamakura

Base 
Models

Risk 
Models

Default Intensity 
Process

Kalbfleish & Prentice 

Hazard Models
CreditScores (FICO)

Markov Models

Borrower Default 
Behavior

CreditMetrics
CreditRisk+
DPC Models

Credit Rating
Data

(S&P, Moody’s, 
Z-Score, Internal)

Historical
Default Process

Data

Exposure Current & potential Current & potential Current & potential Current & potential

Default Rate      Historical Implied equity mkt Current mkt bond spread Empirically estimated

Recovery Rate   Historical Historical Historical Empirically estimated

Interest Rate      N/A Treasury yield curve Treasury yield curve Empirically estimated

Correlation        Equity prices                         Factor analysis Factor analysis Empirically estimated

 
[figure needs references] 
 
Historical Default Process 

In quantifying the counterparty risk of financial institutions, a natural starting point is to 
look to the objective credit risk analyses provided by the rating agencies (e.g., S&P, 
Moody’s, Fitch, and D&P [?]).  As objective third-party evaluators of the credit quality of 
institutions, the rating agencies have considerable experience in assessing the credit risk of 
a wide variety of financial services companies.  Thus, public credit ratings are a key input 
into any credit risk measurement process in that they: 

 Provide an independent assessment of the credit risk exposure of each rated 
instrument or entity, factoring in both financial and non-financial risk factors. 

 Are “roughly” comparable across asset classes. 
 Can be translated into historical default and loss rate experience, credit spreads and 

credit risk premia  
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Furthermore, the rating agencies publish default and loss rate historical experience by 
rating, tenor and sector -- key inputs into many counterparty credit risk measurement 
approaches.  Additionally, given that the rating agency estimations are derived from 
historical data and often vary from year-to-year, volatilities can be obtained to provide 
some variation in the historic default rates.  

The advantages of this approach: 
 Transparent and relatively easy to implement 
 Provides a direct link to actual historical default rate experience 
 Captures the value provided by the credit underwriting process of the rating agencies 
 Allows for sectoral correlations to be incorporated using the correlation in equity price 

movements. 

The limitations include: 
 Applicable only to publicly rated institutions. 
 Calibration of the default rate distribution is based on a limited set of historical 

conditions that place a downward bias on the default rates of AAA-A rated 
institutions.  Specifically, the ambient level of economic stress over the past 25 years 
on a national level is generally characterized as a BB-level credit stress environment.  
As a result, limited information is available on the performance of AAA-A companies 
during periods of higher credit stress. 

 Requires the implementation of an internal rating system for unrated institutions. 
 Granularity limited to rating classes and sectors. 

Default Intensity Approach (Reduced Form Models) 
One of the shortcomings of the historical default rate approach is that the methodology 
only uses prior default rate experience as the basis for computing expectations on future 
default probabilities.  That is, the approach fails to capture the market’s current [?] 
assessment of credit risk, as reflected in the credit risk premia required for investing in 
different asset classes.  Recognizing this shortcoming, many institutions have developed an 
additional credit risk measurement tool to enhance the historical default rate model, a 
model that examines how the market prices the default risk of publicly traded bonds vis-à-
vis Treasury securities. 

Credit quality spreads represent the market risk premium required by an investor to 
purchase a risky asset over a riskless-in-terms-of-default Treasury security of a comparable 
maturity.  As expected, credit quality spreads vary by maturity and by ratings.  (Note:  the 
model assumes credit quality spreads are adjusted for liquidity risk or defines credit risk to 
encompass liquidity risk). 

Credit risk premia associated with these spreads represent the risk to the investor of (i) an 
outright default and loss on the asset, (ii) a financial loss associated with delays in 
recovering funds from the defaulted counterparty, and (iii) the potential for a change in 
market value associated with an alteration in the counterparty’s credit rating. 

Thus, using credit risk premia and historic loss severity rates for each rating category and 
asset priority (i.e., seniority) type, a forward curve of default rates can be derived at each 
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forward point in time.  As in the case of the historical default rate approach, this forward 
curve (expected future default probabilities) and the volatility in this forward curve can be 
used to calibrate the default rate distribution for each counterparty by rating, tenor, and 
sector.  The model employed to calculate implied default rates can be generalized to 
include stochastic loss severity rates, correlations across industries, and correlations with 
interest rates. 

Advantages : 
 Captures the additional “intangible” information incorporated into how the market 

prices credit risk. 
 Quickly responds to changing market conditions. 
 Linked to public ratings and rating agency data. 
 Arbitrage-free modeling approach. 
 Allows for consistent valuations across market and credit risk products. 

Limitations: 
 Assumes that liquidity risk premia in bond spreads are immaterial relative to credit 

spreads. 
 Assumes that the default rate process and the level of short-term interest rates are 

independent. 
 Requires more data on the underlying bond positions used to compute the credit 

spreads, subjecting the calculation to the shortcomings in publicly available data (e.g., 
call features). 

 Additional model complexity and model risk. 
 Market expectations of default risk have proven to be volatile from quarter to quarter. 
 Granularity limited to rating classes and sectors. 

Firm Value Process (Structural Models) 
Similar to the default intensity modeling approach, the asset-pricing approach to measuring 
credit risk looks to develop an arbitrage-free, equilibrium model for measuring the 
probability of counterparty default risk.  Unlike the first two approaches, however, asset-
pricing models look to model this risk, not by public external ratings and bond default 
information by rating class, but by examining the probability that the market value of 
equity at a given institution will fall below a threshold that forces the counterparty to 
default on their payment obligation 

Two basic asset-pricing models have been employed to estimate counterparty default risk: 
 Full liability modeling approach: This approach models the counterparty’s liabilities 

as a series of contingent claims issued against a firm’s assets, with the payoffs to 
liability holders in bankruptcy precisely specified.  Bankruptcy is determined by 
modeling the evolution of the firm’s assets in conjunction with all debt covenants.  
This approach has proved difficult in practice due to the need to model both all firm's 
assets and the precise payoff structure and covenants of the counterparty’s liabilities. 

 Fixed liability payoff approach: This approach, which is more commonly applied in 
practice, models the evolution of the firm’s market value of assets relative to book 
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liabilities, but assumes that in the event of bankruptcy, all debt holders collect a fixed 
portion of outstanding obligations, thereby obviating the need to model all liability 
debt structures. 

The basic methodological approach of the asset-pricing model is to measure the 
probability that the market value of firm equity will fall below an absorbing barrier 
threshold after which the only resolution for the firm is bankruptcy.  To do so, asset-
pricing models must specify: 
 Current market value of equity for a given counterparty. 
 Dynamic process for how this market value of equity changes over time in a manner 

that is consistent with general market equilibrium and arbitrage-free constraints. 
 Book value of liabilities. 
 Threshold below which the counterparty is forced into bankruptcy. 

The annual probability of default of each obligor can be conveniently estimated by its 
credit rating and a mapping between default rates and credit ratings. 

Advantages: 
 Arbitrage-free approach 
 Models credit risk of individual institution 
 Sensitive to the balance sheet composition of counterparty 
 Provides a potentially stronger foundation for correlating counterparty risk and 

collateral risk through asset return correlations and portfolio concentrations. 
 Consistent with how the market values individual institutions 

Disadvantages: 
 Complex model that requires educated user 
 Requires data to calibrate absorbing barrier 
 Simplifies bankruptcy process 
 Data requirements are more severe 
 Limited to public-traded institutions. 

5.3.8 Loss Severity, Recovery Rate and Timing 

In the event of a default of a counterparty, the actual costs of the losses are broken down 
into three major components – loss severity, expenses and ultimate net recovery.  Loss 
severity, or loss given default, is defined as the unpaid balance on the exposure at of the 
time of default.  The second component is the workout costs and administrative expenses 
incurred in trying to reach settlement on the defaulted exposure.  Lastly, a firm may 
recover some portion of the exposure over time – both the actual rate of recovery and the 
time period are important factors.  Among other things, asset sales or foreclosures may be 
the source of recovered value. 

In terms of incorporating these elements into the modeling of losses, a firm should 
consider such items as the seniority of the exposure, collateral, complexity of arrangement, 
and the counterparty’s exposures to other institutions. 
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5.3.9 Simulation of losses 

Once we have a methodology for estimating losses, severity of losses, and recoveries over 
time, we must implement this methodology into a process for determining the effect on 
the firm.  This process will depend on the metric chosen, with losses incorporated in 
approximations of future earnings or cash flow or the calculation of economic capital 
required to support the activities of a business.  The process may be through a parametric 
calculation utilizing basic multiplication, similar to credit risk charges levied by some 
regulatory bodies, or through more complex simulation techniques. 

5.4 Interest Rate Risk Modeling 

There is no universally accepted framework for modeling interest rates. One reason for 
this is that the phenomenon – the random fluctuation of the whole yield curve – is much 
more complex than the movements of a single stock or index price.  The nature of interest 
rate derivatives, consisting of caps/floors and swaptions, uses 'the Black framework' where 
the respective forward Libor and swap rates are lognormal but the discount factors are non-
stochastic. Thus, the goal of interest rate modeling is to provide a framework under which a 
large class of interest rate sensitive securities can be priced in a consistent manner.  

The choice of the bond pricing ‘framework’ is determined partly by the actual variable 
used to describe the model, and can be categorized into three families: spot rate, forward 
rate and market models. The three approaches described below lead to distinct 
development, implementation and calibration issues. The theory of derivative pricing may 
be described as the successive efforts to mimic Black-Scholes’ line of argumentation in 
different contexts. When we try to extend the Black-Scholes analysis to interest rates (or 
commodity) markets we quickly realize that models driven by a sole source of uncertainty 
are insufficient. The reason is that the natural object to model in this case is made up of 
potentially infinitely many (correlated) points. 

 

As a result, modeling the evolution of interest rates requires the generalization of Black-
Scholes’ approach to a multi-factor setting. In doing this, many different extensions have 
been proposed, but perhaps the most celebrated is the one proposed by Heath, Jarrow and 
Morton. [reference]  Their approach is based on the idea that forward rates could be taken 
as state variables in the model, as opposed to quantities derived from the spot rate. A key 
issue affecting the performance of these type of interest rate models is the number and 
identity of the factors employed to describe the dynamic evolution of the term structure. A 
technique that has proven quite useful to this end is principal components analysis (PCA). 
PCA allows us to find the most important of the explanatory (one-dimensional) variables 
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by diagonalizing the correlation matrix. 

5.4.1 Spot-rate Models 

The first generation of models developed was generally based on spot rates. This choice 
was due to a combination of mathematical convenience and tractability, or numerical ease 
of implementation. Furthermore, the most widely used of these models are one-factor 
models, in which the entire yield curve is specified by a single stochastic state variable, in 
this case the spot or short-term rate. Examples of these include the models of Vasicek, Ho 
& Lee, Hull & White, Black Derman & Toy (BDT), and Black-Karasinski. [references] 

These models are distinguished by the exact specification of the spot rate dynamics 
through time, in particular the form of the diffusion process, and hence the underlying 
distribution of the spot rate. Although empirically it has been documented that there exist 
multiple factors that affect the yield curve, such as level, slope and curvature, the level 
factor which can be captured by the spot rate accounts for about 90% of the variations of 
the yield curve (e.g., Litterman and Scheinkman 1991, Chapman and Pearson 2000). The 
spot rate is of fundamental importance for pricing fixed-income securities, interest rate 
derivatives, and for managing interest rate risk. 

5.4.2 Forward-rate Models 

An alternative approach to modeling the term structure was offered by the Heath, Jarrow 
& Morton (HJM) structure. [reference] In contrast to the spot-rate approach, these authors 
model the entire yield curve as a state variable, providing conditions in a general 
framework that incorporates all the principles of arbitrage-free pricing and discount bond 
dynamics. The HJM methodology uses as the driving stochastic variable the instantaneous 
forward rates, the evolution of which is dependent on a specific (usually deterministic) 
volatility function.  

Because of the relationship between the spot rate and the forward rate, any spot rate 
model is also an HJM model. In fact, any interest rate model that satisfies the principles of 
arbitrage-free bond dynamics must be within the HJM framework. The force of interest is, 
however, a one dimensional deterministic process whereas the forward-rate curve is two 
dimensional and evolves stochastically. This two dimensionality reflects the difference, for 
example, between an investment in an n-year zero-coupon bond and an investment in the 
short-term money market for n years. 

In the financial economics literature, forward-rate curves play a central role in the 
pricing of bonds. In particular, the general framework described by Heath, Jarrow & 
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Morton(1992) takes the initial forward-rate curve as input (almost regardless of its shape) 
and describes how the curve must evolve thereafter in order to maintain an arbitrage-free 
market. Other models such as those proposed by Vasicek (1977) and Cox, Ingersoll & Ross 
(1985) take only one or two variable factors as inputs (such as the short-term interest rate) 
and estimate other fixed parameters by getting the best match to the observed forward-rate 
curve (for example, see Chaplin, 1998). Such models have necessarily been relatively 
simple in order to facilitate the pricing of derivative instruments. As a consequence, the 
models often fit available data relatively poorly or do not provide an accurate picture of 
how the forward-rate curve actually evolves through time. 

5.4.3 Market models 

The motivation for the development of market models arose from the fact that, although 
the HJM framework is appealing theoretically, its standard formulation is based on 
continuously compounded rates and is therefore fundamentally different from actual 
forward Libor and swap rates as traded in the market. The lognormal HJM model was also 
well known to exhibit unbounded behavior (producing infinite values) in contrast to the use 
of a lognormal Libor distribution in Black’s formula for caplets. The construction of a 
mathematically consistent theory of a term structure with discrete Libor rates being 
lognormal was achieved by Miltersen, Sandmann & Sondermann, and developed by Brace, 
Gatarek & Musiela (BGM). Jamshidian developed an equivalent market model based on 
lognormal swap rates. [need references and citations] 

Spot and forward models must derive the appropriate quantities from the underlying 
state variables to construct the equivalent of the option pricing formulae. By construction, 
market models are based on observable rates in the market and hence (in some measure) 
readily price-standard instruments. The process of calibrating any model must start with 
making the choice of distribution or volatility function.  

Spot rate models require a specification of the dynamics, examples of which include a 
normal or Gaussian distribution (Hull-White), lognormal (Black-Karasinski) or something 
in between (eg, the ‘square root’ type model equivalent of the Cox-Ingersoll-Ross model). 
Variables derived from the spot rate, such as the zero-coupon and Libor or swap rates, will 
have a distribution dependent on that of the short rate; for example the discount bond is 
lognormal for Gaussian spot rate models such as Hull-White. For forward rate models, the 
critical factor in determining the behavior of a model is the form of the (HJM) volatility 
function.  

For reasons of analytic tractability, the most common models in this category are the 
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Gaussian forward rate models, so called when the volatility function is independent of the 
forward rate itself. In market models there is a choice in both the distribution of the 
underlying market variable, or perhaps a function of that variable, and in the functional 
form of the volatility. 

For example, a Libor market model may have a lognormal volatility for the forward 
Libor rate (the original BGM), or we may specify instead the lognormal distribution of one 
plus the Libor rate times the period of accrual. Market models have the advantage when 
calibrating to their associated vanilla product (ie, a Libor model for cap products) in 
allowing a separate fitting to volatility and correlation, since the formulation of this 
category of model allows a decoupling between the two. More effort is required when 
calibrating to products that are not based on the associated rate or have combinations – eg, 
callable reverse floaters, which have swap and cap components within the Libor model. In 
every case, the volatility specification for a model and the covariance property is measure-
independent; only the drift changes. 

We have described three categories of interest rate term structure modeling approaches, 
namely spot, forward and market models, and compared the respective ingredients that 
make up their construction and formulation. Although all of these approaches, by virtue of 
being arbitrage-free term structure models, are equivalent mathematically and are all within 
the general HJM framework, each is distinguished by different methods of constructing the 
effective volatility function, which determines its use in practice. The implementation as 
well as the formulation of the models allows a freedom of pricing measure, and this 
demonstrates to a great extent the different intuition that accompanies each model. It is 
clear that the wide scope of interest rate modeling will undoubtedly spur further 
developments from both the theoretical and practical sides for many years to come. 

 
  

5.5 Inflation Risk Modeling 

[need an intro paragraph] 

5.5.1 The Naïve Model 

The Naïve model is based on the martingale hypothesis, which states that the expected 
value of inflation over the next 12 months is equal to inflation over the previous 12 months.  
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Specifically, 
12 12

12( )t t tE π π+ = , 

where 12
tπ is the 12-month change in the natural log of the price index tp , 

12
12ln lnt tp pπ −= − t , 

and denotes the expectation conditional on date t information. tE 12
12tπ +  is inflation over the 

next 12 months. 

If the martingale hypothesis holds, then the expected inflation in years 2, 3, 4…n following 
date t must also equal inflation over the 12 months prior to date t, that is 

12 12
24( )t t tE π π+ = . 

Effectively, the naïve model forecasts that expected inflation is constant in the years to 
come. The naïve model does a decent job in forecasting short-term inflation (1 year to 2 years) 
shown in Figure 1 [what figure?], where inflation is measured as the 12-month change in 12-
month core inflation. 

5.5.2 Phillips Curve Model 

The Phillips Curve model and its variations are widely used.  

 

Version I:[12] 

In the Phillips curve form, 
e yπ π β= + +ε , 

where π  and y are inflation and the output gap respectively, eπ is expected inflation, and ε  
is an inflation shock term. If the central government has control of the output gap (y), it will 
set policy to minimize a loss function given by  

* 2 2( )L wπ π= − + y , 

where *π is the inflation target, which is not known to the public. A loss function 
characterized by w = 0 represents a central bank that cares only about inflation deviations from 
target, while for w , the central bank cares only about the output gap. Note that there is 
no assumed inflation bias here: central banks target an output level that is consistent, on 
average, with its inflation target. This assumption would appear to be consistent with the 
observed behavior of many economies in recent years, which have experienced relatively low 
and stable inflation. 

→∞
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Version II:[13] 

The model consists of four components, namely an (inverted) expectations-augmented 
Phillips curve 

(1/ )( )e
NU U a π π− = − , 

a monetarist inflation-generating mechanism 

mπ ε= + , 

a policy reaction function or feedback control rule 

1 1( ) ( )T Tm c U U d π π μ− −= − − − + , 

and a definition of rational inflation expectations 

( )e
t tEπ π= . 

Here U and are the actual and natural rates of unemployment, NU π and eπ are the actual 
and expected rates of inflation, m is the rate of nominal monetary growth per unit of real 
money demand (the latter assumed to be a fixed constant except for transitory disturbances), 
ε and μ are random error terms with mean values of zero, is the conditional expectation, 
and the subscripts T and –1 denote target and previous period values of the associated 
variables. 

tE

 

Version III:[14] 

This inflation model is the simplest alternative to the naïve model. 
12 12

12 1 12( )( )t t t t tLπ π α β π π ε+ −− = + − + + , 

where the one-month inflation rate, tπ , is defined by 

1ln lnt t tp pπ −= − . 

tε is an error term, and ( )Lβ specifies the number of lags in the equation. A variation of 
this model could include other variable terms, such as important economic indicators or 
national activity index. 

5.6 Exchange Rate Modeling 

Modeling exchange rate risk is crucial for an international corporation. Most of the models 
to date, however, do not perform as well as one would like. That is, Meese and Rogoff (1983a) 
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found that monetary models did not outperform a simple random walk. Unfortunately, no 
model provides a firm basis for determining or forecasting the exchange rate. Nevertheless, it 
is still important to understand the fundamental theories and monetary models in exchange 
rate determination 

5.6.1 Purchasing Power Parity 

The underlying theory of all monetary models is Absolute and Relative Purchasing Power 
Parity (PPP), which is based on the law of one price. It simply states that the nominal 
exchange rate is determined by the relative price-levels of two countries. 

*
ii tP S P=  

where is the exchange rate, defined as the home-currency price of foreign currency, is 
the price for good i in the home country and is the price for good i in the foreign country. 
For a basket of n goods in a certain price index,  

tS iP
*

iP

1

n

i
i

P P
=

= ∑  

Problem: Which consumer price index should be considered? (All indices are different in 
different countries.(this is a practical problem, not a theoretical one) 

Alternatively, Relative PPP sets exchange rates equal to the differential between the growth 
rates of prices in the home and the foreign country.  

*

1( )
1

kt k t

t t

S
S

π
π

+ +
=

+
 

where π and *π are the inflation rates in the home and foreign country. If relative 
purchasing power holds, this equation determines the value of the spot rate in k years. tS

Problem: Inflation used here contain both traded goods and non-traded goods, such as 
services. This leads to problems when the two countries have different productivities, which 
can be caused by economic growth and many other reasons. 

Further, the stickiness of prices in the short run will prevent PPP from holding at each 
point in time. PPP would be expected to hold over one to two years as wage and prices adjust 
to shocks. 

5.6.2 Interest Rate Parity 

There are two forms of Interest rate parities: covered and uncovered, and both are under 
the assumption of perfectly substitutable assets and perfect capital mobility. 

Covered Interest Rate Parity (CIP) states that investing one unit of currency in the home 
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country, which pays an interest rate of per period or investing one unit of currency in the 
foreign country, which pays per period must yield the same profit. Therefore the investor 
has to convert home to foreign currency at a price of S, exchange rate. At the end, to covert 
back to the home currency, apply the forward rate . Based on the absence of arbitrage 
opportunities: 

%i
*%i

tF

*11 (1t t )
t

i i
S

+ = + tF , or 
*1( )

1
t

t t
t

iS F
i

+
=

+
 

 

Taking the log of both sides and using the approximation that log(1 )x x+ ≈ for small x,  
*

t t t tf s i i− = −  

 

Uncovered Interest Rate Parity (UIP) assumes that markets are efficient so that the forward 
rate is an unbiased predictor for the future spot rate. Therefore, 

*

1 1( ) [
1

kt
t t k

t t

i ]E S
i S +

+
=

+
 

Taking the log both sides, 
*[ ] (t t k t t t )E s s k i i+ − = −  

 

In other words, the expected log exchange rate change is equivalent to the difference in 
interest rates. 

There are a number of studies strongly rejecting UIP. This is due mainly to the assumption 
of the forward rate being equal to the expected spot rate implying there is no risk premium. 

5.6.3 Monetary Model with Flexible Prices 

Monetary models are based on the supply and demand for money in both the home and 
foreign countries. Assuming fully flexible prices, stable money demand function, and PPP, 
then 

* *( ) ( ) (t t t t t t ts m m y y i iα β= − − − + − *)  

where m’s are the money supply from home and foreign, y’s are the incomes, and i’s are the 
interests rate in the home and foreign country. 

Problem: PPP assumption does not hold for short run. 
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5.6.4 Sticky Price Model 

The Sticky Price model, by Dornbusch (1976), assumes market prices of goods are sticky in 
the short run and adjust to a new equilibrium after a lag, due to adjustment costs or lack of 
complete information. In contrast, financial markets are assumed to react immediately, 
meaning that prices adjust instantly in this market. The different adjustment speeds of goods 
and financial markets leads to an initial overshooting of the exchange rate.[15] 

1 ( )t ts p p
λθ

= − s+  
*

t tp m y itφ λ= − +  
*1 ( ( 1) ( )t ts m u y iφδ γ λδ σ

δ
= − + + − − + )t  

ts ~ exchange rate at time t, 

tp ~ price of goods at time t, 

tm ~ money supply at time t, 

p ~ long run equilibrium price value,  

s ~ long run equilibrium exchange rate, 

y ~ income, 

[need to further explanation; provide intuition] 

Problem: Lack of dynamic structure. There is almost no use of lagged variables, or error 
estimation term. 

5.6.5 Real Interest Rate Differential Model 

The differential model by Frankel (1979) constitutes an extension of the sticky price model 
by introducing an inflation differential between two countries, denoted by *

t tπ π− , into the 
model. 

*
1[ ] ( )t t t t t tE s s s sθ π π+ − = − + −  

which follows, 
* *1 [( ) ( )]t t t ts s i i tπ π

θ
= − − − −  

Problem: negligence of long memory of the series. Nelson and Plosser (1982) have found 
that most macroeconomic series exhibit non-stationarity, while Meese and Singleton (1982) 
detected that exchange rates are also non-stationary.[16] 
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7.2.4 Gross versus Net of Reinsurance 

To this point, no distinction has been made as to whether the actuary is modeling losses 

(or reserves) on a basis net of reinsurance or gross of reinsurance.  Clearly, there are 

contexts in which each is appropriate.  In financial statements, for example, net of 

reinsurance is paramount.  However, in a study of corporate risk management, relating to 

the optimal outwards reinsurance structure, a gross analysis would be necessary. 

What is important is that the actuary is aware of the correct (or at least most appropriate) 

approach for the analysis at hand, and is also aware of the potential limitations of their 

choice.  Whether in a dynamic or static modeling situation, it is important that the method 

of estimation receive its due consideration. 

In Actuarial Standard of Practice No.43 - Property/Casualty Unpaid Claim Estimates, the 

Actuarial Standards Board offers the following:  “The scope of the unpaid claim estimate 

analysis may require estimates both gross and net of recoverables. Gross and net 

estimates may be viewed as having three components, which are the gross estimate, the 

estimated recoverables, and the net estimate. The actuary should consider the particular 

facts and circumstances of the assignment when choosing which components to 

estimate.”   

While the guidance does not proscribe any particular approach in a given situation, it 

does point out that an awareness of implicit assumptions are important.  It is also fair to 

say that, from a purely technical point of view, it is generally considered more accurate to 

estimate gross and ceded, thus inferring net via subtraction.  It is also generally accepted 

practice, due to practical considerations, to estimate gross and net, with the difference 

being ceded.  In this discussion, it is our intent to simply point out considerations and 

potential limitations, rather than offering general guidance for the practitioner.   

 

If an actuary is performing a dynamic reserving analysis for a portfolio with only quota 

share reinsurance from inception to date, and none of the terms and conditions of 

reinsurance have changed and the quota share percentages do not vary within reserve 



19 

 

grouping – e.g. line of business and year – then the choice of approach is likely not 

material, but typically an actuary would simply perform the analysis gross, and apply 

ceded ratios at the end. 

If, however, there are multiple types of reinsurance cessions applicable to a reserve 

grouping, the choice is more complicated.  In order to achieve homogeneity by 

reinsurance treaty, the data could be further segmented.  However, if the reduced 

credibility is not offset by greater accuracy, the actuary may need to simply model net 

and gross independently. 

While this latter approach may be dictated by the realities of widely diverging treaty 

parameters12, it does present some limitations: 

In a static or dynamic situation, the gross and net analysis may produce nearly identical 

results.  It is also possible that the net estimates could be greater than gross. 

In a dynamic reserving exercise that requires both net and gross results be considered, 

care must be taken to insure that the scenarios make sense relative to one another.  As an 

example, if the objective is to show management the potential downside of the worst 10% 

of scenarios, care must be taken to insure that the actuary show the same scenarios.  It is 

not sufficient to simply model net and gross independently and take the worst 10% of 

each, because the worst gross years may not produce the worst net years, and vice versa.  

This compilation error could be especially detrimental if the purpose of the project is to 

evaluate various reinsurance programs.  The solution is no less clear.  By definition, the 

relationship between net and gross is clouded by differences and changes in treaty 

parameters, rendering a dynamic relationship between the two similarly difficult to 

estimate. 

                                                                   
12 Indeed, in many, if not most, large companies, it is a practical impossibility to model ceded losses directly.  
Treaty parameters are simply too divergent over years and by business segment to allow such a direct assessment 
in many cases. 
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If the dynamic analysis requires only net output, the previous errors are perhaps limited.  

However, the analysis itself would leave unanswered questions of reinsurance 

collectability, for example. 

As stated previously, estimating gross and ceded amounts separately yields the most 

robust estimates generally, but is also the superior choice in dynamic reserving in 

particular.  The relationships explicitly or implicitly created by reviewing the components 

separately can often avoid the issue of matching up scenarios.  In the case of simulation 

for an excess of loss treaty, for example, a gross loss is simulated, a ceded loss is 

calculated and a net loss is the remainder.  Thus, the underlying conditions creating each 

component are undeniably from the same scenario and thus the structural integrity of the 

results is maintained. 

That said, simply deciding to model gross and ceded does not solve all problems, but 

rather creates new issues if one is modeling aggregate losses rather than individual claim 

data.  For example, the assumptions around the size of loss distribution becomes of 

paramount importance, creating parameter and model risk not present in a simple gross 

and net analysis of loss development triangles, for instance.  Not only does this analysis 

require assumptions of frequency, severity and size of loss, but it also must meaningfully 

comport with the expected value, in aggregate, of the needed loss reserves.  In other 

words, simulating 10,000 years of individual losses which imply a reserve balance 

bearing no resemblance to the expected value does little good in adding to the 

understanding of net versus gross. 

7.2.5 Discounted versus Nominal Values 

Traditionally, loss reserves are stated at their nominal value.  Whatever the historical 

basis for this, or ones feelings about its implicit economic validity, many analyses require 

the actuary to consider discounting.  This adds complexity to the analysis, placing 

emphasis as it does on not only the amounts to be paid, but also when those payments 

will be made.  Considerable debate also has taken place regarding the appropriate interest 
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rate to be used, as well as the added estimation error in assuming an investment return 

many years hence. 

Consideration of investment yields 

The uncertainty inherent in reserve estimates is compounded by the consideration of 

investment yields (discounting) of unpaid claim estimates.  Statutory reserves are 

discounted in three instances: a) tabular discount on long-term disability and similar 

workers’ compensation indemnity benefits, (b) monoline (often single-state) medical 

malpractice carriers, and (c) financially troubled insurers (e.g. Michigan Catastrophic 

Claim Association) with explicit permission for discounting granted by their state 

insurance department.  The discount rates used are those approved by respective states.  

For US GAAP reporting purposes, the discounting is allowed if payment pattern and 

ultimate cost are fixed and determinable on an individual claim basis, and the discount 

rate used is reasonable on the facts and circumstances applicable to the reporting entity at 

the time the claims are settled.  However, there is no clear guidance regarding the 

appropriate discount rates to be used.  Some insurers elect to use the statutory discount 

rates for GAAP reporting purposes, others have adopted an investment-related discount 

rate (e.g. US Treasury yields, investment-grade corporate bond yields).  The IASB/FASB 

(US GAAP and IFRS convergence) Insurance Contract discussions have noted that the 

discount rate should reflect the characteristic of the unpaid claim liability.  It was further 

mentioned that risk-free rate, adjusted for illiquidity, for the appropriate jurisdiction 

should be used.  However, the debate on whether risk-free rate is the most appropriate 

discount rate to apply is still ongoing. 

 
Payment patterns 

The other aspect of discounting of reserve estimates is the payment patterns used in 

conjunction with the selected discount rate to derive the discounted unpaid liability.  For 

the lines of business that are often discounted (usually long-tailed), such as workers’ 

compensation and general liability, an insurer’s own historical payment patterns (if data 

is considered credible) or industry payment patterns based on Schedule P are usually 



22 

 

used.  It is worth noting, however, the claim payout for certain types of business (e.g. 

reinsurance liability, asbestos and other latent claims) are often driven by settlements of 

large claims.  Because such settlements can occur randomly, it is difficult to select a 

reasonable payment pattern with much confidence.   
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7.2.6 Effects of Correlation 

It is rare that an actuarial analysis will involve a single line of business and a single year.  

It is therefore often the case that the actuary will be required to combine various 

estimates over time and across lines of business.  This requires the explicit or implicit 

consideration of correlation.  This is not a straightforward endeavor.  

Estimation of Correlation, Practical Approaches 
 

It has long been recognized that various lines of business within an insurer’s portfolio are 

not perfectly correlated.  In addition, geographic diversification of an insurer’s portfolio 

may also mitigate the total risk faced by an insurer.  Therefore, the aggregate reserve risk 

estimate for an insurer should be less than the sum of the estimates for individual lines 

(geographies) of business.  Nonetheless, there does not appear to be a commonly used 

method to adjust for such correlation.  Some actuaries prefer a mathematical formula to 

calculate the amount of correlation adjustment explicitly, while others choose to consider 

the correlation among lines of business implicitly in their reserve variability estimates or 

disregard the adjustment altogether.  Solvency II prescribes that correlation matrices by 

lines of business are used for reserving purposes.  However, the parameters within such 

correlation matrices are still subject to insurer’s own estimates. 

 

7.3. Interpretation and Application of Model Results 
Perhaps the most complete presentation of the results of a model is the specification of a 

probability distribution of the variable of interest, whether the random variable is the  

aggregate losses or the ACE as discussed earlier.  This presentation can take the form of 

individual iterations from a simulation or a parameterized analytical form that describes 

the results.  In some applications, several alternate scenarios may be modeled and the 

results of each scenario may be presented and reviewed; other times the scenarios may be 

combined through some type of weighting. 
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It is often of value when interpreting and understanding results to also provide supporting 

distributions of underlying parameters or subsets of the modeled circumstances. 

It is also possible that the results of a model are captured in the estimate of a single 

parameter of a distribution.  For example, the model may only need to estimate the 

aggregate loss amount related to some specific probability level, normally a very high 

value in excess of 95%. 

In addition to probability levels, it is often of value to decompose results into elements of 

the modeling process.  Earlier there was discussion of parameter risk (uncertainty), 

process risk, and model risk.  A dynamic reserving risk model may be constructed in a 

manner that addresses each of these components.  Evaluation of the results may best be 

accomplished by reviewing the marginal impact of each of these elements separately. 

7.3.1 Types of Models 

As stated in Chapter 1, in “its ‘simplest’ form, a dynamic risk model can be used to 

analyze a narrowly defined pricing or reserving risk using stochastic simulation of future 

cash flows.  In a complex form, a dynamic risk model can be used to analyze the entire 

cash flow of a corporation, including all aspects of company operations”.  In this Chapter, 

we are exploring reserving risk and describing various ways that actuaries today are 

quantifying and describing that risk.   

Toward that end, we are attempting to describe the estimation of a distribution of 

outcomes related to unpaid loss liabilities.  As stated in The Analysis and Estimation of 

Loss & ALAE Variability:  A Summary Report (1), this distribution of outcomes 

(denoted as the “distribution of future loss payments”) “has a specific statistical meaning 

and actually exists separately from the professional estimating that distribution...”  In 

other words, there is a theoretical distribution of outcomes that exists, regardless of 

whether the tools employed are sophisticated enough to accurately measure said 

distribution.  At one end of the spectrum, the actuary may simply employ several 

standard (deterministic) models and use the results to imply a level of dispersion.  At the 

other extreme, one might include process risk, parameter risk, event risk, judicial risk, 
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operational risk and a host of others to arrive at a more sophisticated estimate of the 

distribution of outcomes.  The models described in this Chapter are certainly more at the 

latter end of the spectrum, but there is still a great deal of diversity in terms of the level of 

sophistication required. 

It is clear from this description that a dynamic risk modeling exercise in the context of 

reserving risk requires the establishment of (a) a model or framework describing how the 

loss process behaves; (b) expected values or projected values of the parameters required 

by the framework; and (c) a distribution of the parameters themselves and/or the 

exogenous factors which are presumed to impact the parameters or outcomes13.   

In a very real sense, then, the dynamic risk modeling of reserving risk is tied quite closely 

to the estimation of reserve variability.  Thankfully, the estimation of reserve variability 

is a topic with no shortage of treatment in the CAS literature.  In his Introduction to 

Selected Papers from the Variability in Reserves Prize Program (2), Gary Venter outlines 

for us several classes of methods or models used in estimating and evaluating reserve 

variability.  We have used these categories as a starting point for this Chapter. 

 

As an example, assume that you are going to construct a dynamic reserving model based 

on paid loss development.  The framework chosen is a multiplicative model of paid loss 

at successive evaluations (monthly, quarterly, annual, etc.) for a given accident year, 

report year or policy year.  The parameters are the expected value loss development 

factors and the variability measure is the standard deviation or standard error of those loss 

development factors. 

Taking the example one step further, one could assume that the development factors 

(LDFs) are distributed as lognormal, as described in Wacek (3).  The historical values for 

the LDFs are then used to parameterize the lognormals at each age.  Using simulation, the 

                                                                   
13 For example, one may assume that LDFs follow a lognormal distribution with mean and standard deviation 
derived from empirical data.  Alternatively, one might also model loss development as a function of claims inflation, 
which could be modeled separately as part of a larger economic scenario model. 
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modeler could produce 10,000 “completed triangles”, from which a distribution of 

reserves could be inferred. 
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7.3.2 Overview of Selected Models 

“The goal of modeling insurance losses is not to minimize process uncertainty, as this is 

simply a reflection of the underlying process that is generating the claims…The goal of 

the analyst should be to select a statistical model(s),…which most accurately describes 

the process uncertainty in the data while also minimizing the parameter and model 

uncertainty.” (1) 

The broad categories of models are taken from Venter (2).  There are certainly other 

legitimate ways to categorize the methods, and there could be legitimate disagreement 

over which methods belong in which buckets.  For our purposes here, these distinctions 

are likely not important, as the goal is to outline in general terms the various approaches 

to estimating variability. 

Methods Based on Variance in Link Ratios  

Generally speaking, loss costs evaluated at an age, D bear some mathematical 

relationship with the same loss costs evaluated at its ultimate age, U.  As most actuaries 

are aware, the link ratio technique makes the assumption that this mathematical 

relationship is linear, with no constant term. 

If the link ratio model is the one chosen14, one can imagine that a variability measure 

assigned to the link ratios themselves can help in determining the variability of ultimate 

loss costs and thus reserves. 

Perhaps the best known of the models in this category is the one first presented by 

Thomas Mack in 1994 (6).  The abstract for the paper describes its contents as follows: 

“The variability of chain ladder reserve estimates is quantified without assuming any 

specific claims amount distribution function. This is done by establishing a formula for 

the so-called standard error which is an estimate for the standard deviation of the 

                                                                   
14 As Venter notes, “Mack showed that some specific assumptions on the process of loss generation are needed for 
the chain ladder method to be optimal. Thus if actuaries find themselves in disagreement with one or another of 
these assumptions, they should look for some other method of development that is more in harmony with their 
intuition about the loss generation process.” (5) 
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outstanding claims reserve. The information necessary for this purpose is extracted only 

from the usual chain ladder formulae. With the standard error as decisive tool it is shown 

how a confidence interval for the outstanding claims reserve and for the ultimate claims 

amount can be constructed. Moreover, the analysis of the information extracted and of its 

implications shows when it is appropriate to apply the chain ladder method and when 

not.” 

Mack uses the implications and underlying assumptions of the link ratio technique to 

develop a measure of variability in the link ratio estimates.  From there, he is able to 

determine confidence intervals for ultimate loss costs and reserves.   

Mack postulates that, not only is the loss-weighted average loss development factor, fk, 

an unbiased estimator of the true underlying factor, fk, but so too are each of the 

individual observations by year (under the independence assumptions spelled out in the 

paper).  Again, these are not assumptions made by Mack, but rather direct consequences 

of choosing the link ratio method, and all of its implicit assumptions. 

With independence by accident year and the unbiased nature of fk, Mack then develops a 

framework for determining the variability of fk, and thus the ultimate loss costs and 

reserve estimates.  Using Mack’s notation, we have the following results: 
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Where: 

1. Cjk = loss costs for accident year j, development age k 
2. fk = loss development factor 
3. s.e.(CiI) = standard error of the estimated ultimate loss costs 

4.  = proportionality constant from the variance calculations 

5.  

A detailed derivation of each of the parameters is beyond the scope of this chapter.  

However, as pointed out in the paper, the distribution of C is completely described by the 

distribution of reserves, R (the difference between the two being a scalar).  Thus, 

s.e.(CiI)= s.e.(RiI) and RiI = CiI – Ci, I+1-i.  With the expected value and standard error 

terms in hand, one can directly estimate a confidence interval for reserves, by assuming a 

distributional format, such as lognormal. 

In his paper, Wacek (3), building on a paper by Hayne (4) among others, takes a similar 

approach, but assumes that the individual age-to-age loss development factors themselves 

are distributed as Lognormal.  “The product of independent Lognormal random variables 

is also Lognormal, which implies that age-to-ultimate loss development factors are also 

Lognormal.”(3)  In similar fashion to Mack, Wacek/Hayne seek to estimate expected 

values and variance parameters for each age of development, thus describing the potential 

uncertainty in the link ratio estimates. 

How might this information be used in so-called “dynamic reserving”?  In some sense it 

depends on how you define that phrase, and in the context for which the work will be 

used.  For some, the act of estimating the standard error of the reserve estimate and 

resulting confidence interval (as shown in Mack), might fit the bill. 
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For other practitioners in other situations, the application may be more involved.  Let us 

take as an example the use of the Wacek and Hayne view of the loss development 

paradigm.  Using a typical 10 x 10 triangle, one could derive a Lognormal distribution for 

each age15.  Making random draws from this lognormal, the actuary could develop 

completed triangles for each of 100, 1000 or even 10,000 years depending on the 

convergence characteristics of the results. 

At this point, we again suggest that this may be sufficient for a given line or a given work 

product.  For example, say that a monoline insurer wishes to stress test the reserve 

estimates underlying their five year financial plan.  This sort of exercise might work very 

effectively. 

Taking this a step further, however, one can see that the process of “dynamic reserving” 

can be further enhanced by: 

 Performing the exercise on multiple lines of business, with assumptions about 

correlation. 

 Estimating “random shocks,” which could be individual large losses or aggregate 

loss development factors well into the tail. 

 Introducing additional variables 

While these methods are relatively straightforward, there are practical considerations to 

implementation.  For example, how does one combine the various estimates and ranges 

developed from paid and incurred data separately?  What if my data appears to violate 

one or more of the basic assumptions underlying the link ratio method? 

                                                                   
15 For ease, assume that all development is completed in advance of the attainment of age 10. 
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exists between ASOP 36 and 43. The topics related to reserve variability is being 

referred to ASOP 43. The new ASOP 36 will be effective May 1, 2011.  

Statement of Statutory Accounting Practices (SSAP) 

In the SSAP 55, the NAIC establishes the statement statutory accounting principles 

for recording liabilities for loss adjustment expenses for property and casualty 

insurance contracts including the variability in the estimate, “Management’s analysis 

of the reasonableness of claim or loss and loss/claim adjustment expense reserve 

estimates shall include an analysis of the amount of variability in the estimate. If, for 

a particular line of business, management develops its estimate considering a range 

of claim or loss and loss/claim adjustment expense reserve estimates bounded by a 

high and a low estimate, management’s best estimate of the liability within that range 

shall be recorded. The high and low ends of the range shall not correspond to an 

absolute best-and-worst case scenario of ultimate settlements because such estimates 

may be the result of unlikely assumptions. Management’s range shall be realistic and, 

therefore, shall not include the set of all possible outcomes but only those outcomes 

that are considered reasonable.” 
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Learning Outcome Statements  

1. Evaluate business strategy by using performance variables  
2. How to construct performance variables 

 3. Expose to various Risk Measures 
 4. Understand Return and Risk tradeoff and use some Risk-Adjusted Measures 
             

1.  INTRODUCTION 

DFA is used for measuring the success of the business and identifying optimal strategies 

for the conduct of the enterprise.  The outcome of applying a particular strategy in a given 

business situation (scenario) is expressed in terms of a (financial) performance measure. 

Performance measure is the generic term used to describe a particular value or characteristic 

designated to measure input, output, efficiency, or effectiveness. It is expressed as an 

outcome random variable, describing the performance of the enterprise within the modeling 

context, which may be relevant to the problem at hand.  Performance measure is usually 

composed of a number and a unit of measure. The two most widely used parameters are the 

expected return and some form of risk or volatility measure of return (e.g. standard 

deviation). 

Any scenario can be characterized in terms of the probability measure imposed on the 

input variables of the DFA model. While using the DFA, we would assume that the modeler 

has chosen a base scenario and a few other scenarios under different strategies. Given a 

scenario or strategy, the performance can usually be expressed in terms of expected return 

and a particular risk measure. Other things being equal, a risk-averse individual will choose 

the greatest return for the least amount of risk.   

In reality, since most business strategies are far more complex and multi-dimensional than 

simple portfolio selection, we do not have such convenient mathematical results as 
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convexity.  We can only be theoretically certain that such a boundary exists.  Usually, the 

choice among these alternatives is a business judgment depending on risk tolerance of the 

concerned party. By risk tolerance, we mean the tendency to accept more or less risk, 

depending on the return. Part of the modeler’s task is to narrow down the choices by prior 

elimination of obvious non-candidates. 

Since performance measure is a yardstick or standard to measure progress towards 

achieving a strategic objective or a tactical objective, there will be situations where a single 

performance measure will not suffice.  An instance of this could arise if management wanted 

to select a strategy that produced not only a favorable economic outcome but would also 

look good on an income statement. In another instance, they may aim for a single strategy 

that would lead to a satisfactory result both in the short run and the long run and would be 

prepared to accept some sub optimality under either measure taken. It is also possible that 

economic performance can only be realized under constraints posed by insurance regulators, 

rating agencies, and general social imperatives.  Amidst the several underlying constraints of 

performance measure, solvency seems to be of most significance.  For instance, in a cash flow 

simulation, as in real life, a momentary effusion of red ink—negative equity—does not 

always imply financial doom.  In several circumstances, by luck and agility, an impaired 

company can survive an accrual crisis and return to viability.  The accrual crisis gives warning 

of an impending cash flow crisis from which there is no such return. Such considerations 

highlight the fact that an efficient model should produce and save multiple performance 

measures, e.g. economic and accounting-based at multiple time horizons, so that correlations 

among the various measures will be readily evident and so that runs need not be repeated 

unnecessarily.  Further more, it may be needed to calculate and save different risk measures 

reflecting GAAP or statutory accounting concepts or the perceptions of the rating agencies. 

As remarked above, one may also wish to see strategic outcomes under different scenarios. 

Such a dominating strategy over a wide range of scenarios is often referred as robust. 

In general, the policyholders and regulators mainly concern about balancing the risk or 

cost of insolvency with the cost of holding capital, while the shareholders and management 

are primarily interested in balancing the risk of inadequate returns with the cost of holding 
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capital.  For the readers who would like to know more detail, the following references are 

recommended: 

Shareholders' perspective 

Gogol, Daniel F., "Pricing to Optimize an Insurer's Risk/Return Relation," PCAS 1996, Vol. 
LXXXIII, 41-74.  http://www.casact.org/pubs/proceed/proceed96/96041.pdf 

Bingham, Russell E., "Risk and Return: Underwriting, Investment and Leverage," PCAS 
2000, Vol. LXXXVII, 31-78.  http://www.casact.org/pubs/proceed/proceed00/00031.pdf 

Mango, Donald F. "Risk Load and the Default Rate of Surplus," CAS Discussion Paper 
Program, May 1999, 175-222.   http://www.casact.org/pubs/dpp/dpp99/99dpp175.pdf 

Mango, Donald F. “Insurance Capital as a Shared Asset,” CAS Fall 2006 Forum, 573-586. 
http://www.casact.org/pubs/forum/06fforum/577.pdf  

Kreps, Rodney E. “Riskiness Leverage Models,” PCAS 2005, Vol XCII, 31-60. 
http://www.casact.org/pubs/proceed/proceed05/05041.pdf  

 
Policyholders' / Regulatory perspective 

Butsic, Robert P., Glenn G. Meyers, "Calculation of Risk Margin Levels for Loss Reserves," 
Casualty Loss Reserve Seminar 1994. 

 

Both perspectives 

Bingham, Russell E., "Rate of Return - Policyholder, Company and Shareholder 
Perspectives," PCAS 1993, Vol. LXXX, 110-147.  
http://www.casact.org/pubs/proceed/proceed93/93110.pdf 

Venter, Gary G., “Profit/Contingency Loadings and Surplus: Return and Ruin 
Implications," CAS Discussion Paper Program 1979, May, 352-366.  
http://www.casact.org/pubs/dpp/dpp79/79dpp352.pdf 

Meyers, Glenn G.,  "Analysis of the Capital Structure of an Insurance Company," PCAS 
1989, Vol. LXXVI, 147-171.  http://www.casact.org/pubs/proceed/proceed89/89147.pdf 

 

In succeeding sections of this chapter, we shall discuss: 

• how to choose performance measures appropriate to the situation being considered, 

http://www.casact.org/pubs/proceed/proceed96/96041.pdf
http://www.casact.org/pubs/proceed/proceed00/00031.pdf
http://www.casact.org/pubs/dpp/dpp99/99dpp175.pdf
http://www.casact.org/pubs/forum/06fforum/577.pdf
http://www.casact.org/pubs/proceed/proceed05/05041.pdf
http://www.casact.org/pubs/proceed/proceed93/93110.pdf
http://www.casact.org/pubs/dpp/dpp79/79dpp352.pdf
http://www.casact.org/pubs/proceed/proceed89/89147.pdf
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• how to define appropriate risk measures based on them, 

• how to involve management in the process  (of appropriate performance measure 
selection) and, 

• how to present the modeling results as a practical aid to management decision making. 

 2. PERFORMANCE VARIABLES 

2.1  Defining the Purpose at Hand 

 One of the primary management goals is to maximize the ownership value of the firm, 

while considering the regulatory, rating, and social constraints. While rating and regulations 

are often considered, social elements are not taken into account. The social constraints could 

mean the careful managing of all internal and external communications between the different 

parties having firm ownership.  Furthermore, your personal risk tolerance (a social element 

to decision making) could be influenced by current world events, your own investment 

experiences—even your inherited views on saving and investing.   As long as the firm 

chooses to be in the insurance business, this also means running an efficient and profitable 

underwriting operation. In addition, it is imperative that capital is managed effectively by 

maximizing the earnings stream net of the cost of capital, needed to support the existing 

business and the orderly profitable growth.   

Regulatory constraints on deployment of insurance company capital make no distinction 

between funds dedicated to support of the underwriting operation and discretionary 

investment capital.  The most influential rating agencies admit that they “grade on the curve” 

by ranking companies by the strength of their capitalization, and award ratings in a fixed 

proportion. This is the case no matter how grossly overcapitalized the highest-ranked 

companies may be.  Further, the tax law, particularly the double taxation of dividends, makes 

exporting capital from the insurance enterprise an awkward and expensive proposition.  

These influences combine to make the property-casualty industry a “black hole” where 

capital is sucked in and trapped, reappearing only in the form of policyholder subsidies at the 

bottom of the underwriting cycle.  The problem is exacerbated by catastrophe exposure.  
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Capital requirements for funding against rare events often differ by an order of magnitude 

from the funding against the routine scheduled events.  Whether such extra capital is held 

within the firm or supplied by reinsurers or bondholders, it adds up to an enormous burden 

and poses a unique challenge to the property/casualty industry. While we are monitoring 

capital flows, we must often consider dividend strategy, in order to conserve the capital to 

the company. All this serves to remind us that sound capital management is just as important 

to a successful strategy as is sound underwriting management. Thus, we are always in search 

of answering the crucial question of 'how much capital is needed''. 

Since these two aspects are often intertwined, any viable measure of performance and its 

associated risk measures must capture both aspects of the insurance enterprise. 

2.2 Constructing Suitable Performance Variables  

The correction for cost of capital will be somewhat arbitrary since few companies 

account for it formally.  One possibility is to state simulated earnings net of a benchmark 

return on equity.  One should note, however, that the benchmark rate of return should be 

consistent with the level of risk implicit in the strategy under consideration. A suitable 

performance measure will reflect earnings net of all material costs. However, a cost element 

that is often overlooked is the cost of capital.  Any business, including insurance, that does 

not earn back its cost of capital, has very dim prospects in the long term. 

In order to simplify the process of selecting the appropriate performance measure we can 

work with the following three basic criteria.1.  Namely, these are: 

• Appropriateness: the measure must capture essential features of the asset return 
distribution, at a minimum risk and return. 

• Clarity: The measure must be easy to explain to a non- technical individual   

• Foundation: The measure should have a solid foundation either in finance theory or 
recognized as a ‘market standard’.  

Another possible approach is to include a special family of strategies: a risk-return 

venture, as a pure investment, or EVA and incorporating of time horizons.  
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Risk-return approach: Risk is generally equated with the potential of an investment to 

generate financial loss. Return is the usual measure of performance. As investments that 

offer higher potential for total return generally carry a higher potential for risk, informed 

investors don’t simply seek to maximize returns. Instead, they focus on risk-adjusted returns, 

that is, the potential returns that correspond to the level of risk with which they are 

comfortable. This is further analyzed in the preceding sections of this chapter. 

Pure investment approach and EVA: One can run the company purely as an investment 

trust, starting with the same equity, while foregoing underwriting cash flows, and ignoring 

the associated claim payments and liquidity constraints.  If such strategies dominate, i.e. if 

the modeled underwriting operation cannot pull its own weight, the firm’s choice to be in 

the insurance business is called into question. Investment ventures usually call for reliance 

only on the initial capital, the universe of investment opportunities, and the economics of 

conducting an investment program.  The plethora of possible investment management 

strategies could plausibly be boiled down to buy and hold for short to moderate time 

horizons since there is little evidence that active management can do better than that.  There 

is little that is peculiar to an individual company, and a single modeling service could provide 

benchmarking information for the whole industry at quite reasonable expense.  This 

discussion also points up the importance of using a measure of risk that is broadly consistent 

and adaptable to different situations. 

 The effort and expense of modeling these expanded investment possibilities should be 

weighed against the fact that modeling the company as a pure investment fund is quite 

generic. Considered in isolation, the pure investment strategies will form their own efficient 

frontier on the Risk/return diagram.  This frontier could be used to define a risk-dependent 

benchmark return, which can be netted from the returns for the underwriting strategies at 

equivalent levels of risk.  This adjustment would provide a modified economic value added 

measure (EVA). 

                                                                                                                                                                             
1 “Selecting a risk-adjusted shareholder performance measure”, Pederson, Christian S. and Alfin, Ted Rudholm, 
pg 4, L959-ART-021. 
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Element of Time Horizons: Another aspect of the problem of defining a performance 

measure is choosing a time horizon.  A short horizon, say one year or two has the 

disadvantage that many strategies cannot have their full effect in such a short time frame.  A 

long horizon, on the other hand, burdens the modeler with simulating management 

decisions and projecting economic variables far into the future. This requires that the 

strategies are specified in elaborate detail, thereby often obscuring the understanding of what 

works and why. Furthermore, over long periods, the volatility of the modeled variables 

compounds, degrading the modeler’s ability to draw conclusions.  Thus, when a standard 

measure must be adopted, for instance, few practitioners work with time horizons exceeding 

five years. 

Aside from the above, many variations of the basic performance measure are possible.  

The modeler may wish to think in terms of ratios, such as return on equity (ROE) and risk-

adjusted return on capital, rather than raw dollars, which has no scientifically useful meaning.  

It is also essential to benchmark against other enterprises. Since management decisions can 

affect the components of these financial ratios, any company’s reported equity or any 

financial measure is a notional unstable quantity. More often they are a function of the 

existing motives of the organization   Thus, such ratios are purely diagnostics and cannot be 

relied upon for optimizing strategy selection. 

2.3 Characterizing the Performance Variable in Terms of Return and Risk 

The DFA approach to financial modeling is overgenerous in that it gives us the entire 

distribution of the performance variable in the form of sorted simulation outcomes for the 

scenario combination being considered.  To enable efficient comparison among strategies, 

we must boil these 10,000 or so pieces of information down to two: the expected return and 

the associated risk measure.   

a) Risk Measures 

An approach favored by financial theorists is to obtain a risk metric by taking the 
expected value of the performance variable on a probability measure transformed to 
emphasize the bad things that can happen in the tail (sinister) of the distribution.  Some 
examples can be cited: 
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i) Mean Net Loss (Simple Average) 

Suppose that X is the random variable for net loss to the enterprise (negative 
earnings) over some period.  Our simulation model output is represented by the 
quantities{ }, 1,...,kX k N= .  The straight sample mean is just 

1
1

N
kN k

X X
=

= ∑ . 

ii) Mean Net Loss (Exponential Twisting) 

One standard method for accentuating the negative is exponential twisting.  The 
twisted mean is given as 

( )
1 1

, 0k k
N NX X

kk k
X X e eλ λ λ λ

= =
= >∑ ∑ . 

The twisting parameter should not be so large as to override the tail behavior of 
the putative distribution underlying the sample.  A closely related approach is to 
assume a utility function and to order outcomes according to the expectation of the 
utility on the simulated empirical distribution. 

iii) Wang Transformation 

Other methods involve applying transformations to the distribution function 
itself. The empirical survival distribution is given by 

( )1
1

ˆ( ) IN
kN k

S x x X
=

= ≤∑ . 

 (The indicator function takes on the value 1 when the argument is true and is 0 
otherwise.)  Tail emphasis can be applied using the proportional hazards transform 
(Wang, 1998): 

( ) ( )* ˆ ,0 1S x S x α α= < ≤ . 

This is usually applied to one-sided distributions.  Applied, in this case, to a two-
sided distribution, it will emphasize the right tail and attenuate the left tail.  An 
example is given in Chapter 9 of this handbook. 

The excess of the expected value on the transformed distribution over the 
unbiased mean provides a risk margin usable in a risk-return analysis.  The margin 
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should give the amount that the company needs to hold as risk capital to ensure 
smooth operation in normal circumstances and a reasonable cushion against 
unexpected adversity for any scenario/strategy combination.  The choice of 
twisting parameter or proportional hazards exponent, or any other risk parameter, 
should reflect the company’s attitude toward risk and its perception of its capital 
needs.  The formalism is used merely to unsure consistency among the various 
scenarios. 

iv) Value at Risk 

Value at Risk (VaR) is a metric much used by banks and other financial 
institutions.  It is defined as the smallest value exceeding a specified threshold in 
probability, say  That is, if F is the distribution function of X, then VaRα(X) = 
min(x | F(x) ≥ α), the α th percentile of X. Note that this definition extends to 
continuous and discrete random variables. In our simulation case, the variable 
under analysis, X, is commonly not continuous but discrete, and VaRα(X) can be 
expressed as,  

( )NkNkXXVaR ,...,1;/|min)( =≥= αα , 

where ( )kX  is the k-th order statistic of X in the simulated sample of outcomes.   

v) Expected Policyholder Deficit 

The Expected Policyholder Deficit (EPD) (Butsic, 1992, on the CAS website at 
http://www.casact.org/library/valuation/92dp311.pdf ) is a metric devised to 
measure the severity as well as the probability of any default.  If the cumulative 
distribution function (CDF) of (negative) net worth outcomes is known, the EPD 
can be defined with respect to a threshold, t, as 

. 

∫
∞

−=>−=
tX xdFtxtXtXEtEPD )()(]|[)(  

In terms of our simulated outcomes, we have 

( )( )1
1

( ) IN
X k kN k

EPD t t X X t
=

= ≤ −∑ . 

http://www.casact.org/library/valuation/92dp311.pdf
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  The threshold, which is directly related to the level of surplus, can be chosen at 
various crisis points: rating change, regulatory scrutiny, etc.  A value of zero 
corresponds to technical insolvency (zero accrued net worth). 

vi) Tail Value at Risk 

A group of Swiss mathematicians has proposed a family of risk measures, 
suitable for application to portfolios of exchange-traded financial instruments, 
called “coherent risk measures” (Artzner, et al., 1997); and there has been some 
work clarifying and adapting these to the DFA context (Meyers, 2000).  These lead 
to risk-adjusted expected values for the instruments in question and have such 
desirable properties as sub additivity, monotonicity in ordering, scaling 
homogeneity, and zero margin for amounts certain.  The subject is too extensive 
and recondite to cover here.  The reader is referred to Chapters 5 and 9 of this 
handbook, or Meyers’ guide to the perplexed posted at 

http://www.casact.org/pubs/forum/00sforum/meyers/Coherent Measures of Risk.pdf. 

It is noteworthy that, while VaR and EPD are not coherent measures of risk, a 
combination of the two, proposed by the authors, is coherent.  The Tail Value at 
Risk (TVaR) is given by 

)](|[)( XVaRXXEXTVaR αα ≥=  

 

))((
1

)]([
)( XVaREPD

XVaRXP
XVaR X α

α
α α−

>
+=  

 

This is proportional to the expected value of X on the conditional 
measure ( )( ) ( ) ( ){ }I 1a Xd x VaR X F x α α≥ − −⎡ ⎤⎣ ⎦ , which is left truncated at the 
VaR threshold. 

Financial pricing theories use arbitrage-free or equilibrium arguments to arrive at 
risk-neutral probability measures suitable for market valuation of financial 
instruments.  The arbitrage-free approach requires construction of an equivalent 
portfolio of tradable instruments, an unwieldy proposition in the DFA context.  
Equilibrium arguments assume that the risk will be distributed in the most efficient 

http://www.casact.org/pubs/forum/00sforum/meyers/Coherent Measures of Risk.pdf
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way achievable, i.e. fully diversified, and usually ignores transaction costs associated 
with hedging risk. 

The choice of a suitable risk measure for DFA outcomes must consider at least two 

factors.  First, the distribution of outcomes is two-sided, obtained by netting loss costs 

and expenses against revenues and investment gains.  This imposes special care when 

using distribution transform methods like the proportional hazards transform since many 

formulas valid in the one-tailed case do not apply.  Second, we are not trying to price risk 

for the financial markets.  What we are doing is closer to a costing or budgeting exercise.  

We want a detailed accounting of the financial risk cost implicit in the strategy being 

examined.  A sound DFA model will take full account of transaction costs for 

underwriting, investment, hedging and reinsurance; and we want to be able to evaluate 

strategies that take advantage of the tradeoff between the cost of risk capital and the 

transaction costs associated with putting together an efficient hedge.  Thus we cannot 

expect financial pricing models to be directly applicable to the problem.  The financial 

models provide unique answer with no parameters left to adjust.  It is not clear that this 

can be achieved in the DFA context. 

The ubiquitous free parameter, whether the cost of risk, or the twisting parameter, or the 
hazard coefficient, should be chosen so that the risk adjustment, the difference between the 
adjusted mean and the sample mean, reflects the risk capital needed to support the business.  
The cost of this risk capital is compound of two factors, the company’s borrowing rate or 
cost of equity, and management’s risk and liquidity preferences—the amount of risk capital 
perceived as necessary.  The choice of a risk measure is elusive, and one may wish to 
calculate several risk measures and make a decision bearing in mind the strengths and 
weaknesses of each measure. 

b) Return to Risk tradeoff 

Suppose that expected return is plotted on the vertical axis and the risk measure on the 

horizontal axis, as shown in the graph below. In terms of the coordinate plane, we will 

always choose a strategy with an outcome above (i.e. higher return) and to the left (i.e. lower 

risk) of the base scenario outcome.  When all available strategies have been measured and 

plotted on the risk/return coordinate, they roughly form a boundary, or the efficient 
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frontier, which separates the unattainable from the sub optimal and contains in a one-

dimensional set the rational strategies available to management.   

In determining an investment strategy, one needs to consider both expected return 

and risk measure at the same time.  It is helpful in comparing various investment 

strategies in terms of the extra expected return that could be gained by increasing the risk 

to a certain amount.  To make such comparison simpler, having a single measure would 

be much useful.  Two measures are described below. 

i) Sharpe Ratio 

Sharpe Ratio is a well-known measure, which put expected return and risk together.  
It is defined as 

 
Expected Return – Risk Free Rate 

 

Standard Deviation of Return 
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While using standard deviation as a measure of risk is often being criticized, 
Sharpe-like ratios may be created by replacing standard deviation by other measures 
like VaR or TVaR. 

ii) Risk Covered Ratio 

Risk Covered Ratio is also trying to quantify the tradeoff between return and the 
risk exposure.  Mathematically, it is expressed as 

 
Expected Return – Risk Free Rate 

 

Frequency of Loss x Severity of Loss 
 
   where Frequency of Loss = Probability (Return < Risk Free Rate), 

   and Severity of Loss = Expected Return below Risk Free Rate given that Return 
< Risk Free Rate 

Note that the denominator is analogous to TVaR for returns. 

 

The following graph illustrates the meaning of frequency and severity of loss: 

 

Probability

Return

Frequency of Loss = 
the shaded area

Risk Free 
Rate

Expected Return in 
the shaded area

Severity of Loss = Risk Free Rate - 
Expected Return in the shaded area
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Learning Outcome Statements  

1. How to set capital requirement 
2. Understand the Desirable features of risk measures – Coherent 
3. Examine Various Risk measures 

 4. Expose to Other Important Topics in Risk Measures Theory 
             

1.  INTRODUCTION 

Insurers need capital to pay claims when premium revenues fall short.  Actuaries have 
long sought a formula that determines this capital directly from the insurer's aggregate loss 
distribution.  The derivation of such a formula is not an obvious process.  Should such a 
formula be found, it could be used to quantify the effects of the cost of capital on a variety 
of pricing and reinsurance strategies.   

As discussed in the beginning of Chapter 8, both from a policyholder/regulator or a 
shareholder/management perspective, it is advisable to set an adequate level of capital.  One 
key element to determine the desired capital requirement is to quantify the risk.  This 
involves using some of the available risk measures with desirable properties.  The paper 
"Coherent Measures of Risk" by Philippe Artzner, Freddy Delbaen, Jean-Marc Eber and 
David Heath (1999) discussed four desirable properties of risk measures, and they called 
those risk measures satisfying these properties “coherent”.  This chapter will focus on the 
risk measures that are “coherent”.  It will describe how to use coherent measures of risk to 
set capital requirements for an insurer.  As coherent measures of risk are described, it may be 
helpful to consider some examples.  First, the case of insurer’s losses being random and 
insurer assets being fixed will be addressed. Later on, the chapter will address examples 
where assets are random as well. 

Let X be a random variable denoting an insurer's total loss.  For simplicity, it is assumed 
that X can take only a finite set of values.  Let ρ(X) be a measure of risk that represents the 
assets that the insurer should have on hand to pay all losses for which it is liable.   

Let’s consider three measures of risk. 

VIII-1 
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Standard Deviation:  

ρ(X) = StdΤ(X) = E[X] + T· σX. 

 Value at Risk:  

ρ(X) = VaRα(X) = αth percentile of X. 

 Tail Value at Risk  

ρ(X) = TVaRα(X) = Average of the top (1 – α)% of X. 

Let’s note in advance that TVaR�(X) is given by Artzner et. al. as an example of a coherent 
measure of risk.   

Table 1 shows 25 scenarios of two random variables, X1 and X2, of losses.  As is typical 
of property/casualty insurance losses, the distributions of X1 and X2 are skewed to the right. 

Table 1 
Loss Scenarios for Examples 

Scenario X1 X2 Rank 
1 264.89 119.86  
2 1552.69 1836.92 1 
3 765.95 787.93  
4 846.00 894.66  
5 699.56 699.42  
6 614.18 585.58  
7 803.76 838.35  
8 669.66 659.55  
9 328.37 204.50  
10 641.32 621.76  
11 951.11 1034.81 5 
12 369.36 259.15  
13 1021.11 1128.15 4 
14 432.44 343.25  
15 459.93 379.91  
16 402.79 303.72  
17 511.71 448.95  
18 894.25 959.01 6 
19 536.98 482.64  
20 1113.53 1251.37 3 
21 562.29 516.38  
22 587.93 550.58  



23 486.17 414.89  
24 1252.53 1436.70 2 
25 731.47 741.96  

    
Average 700.00 700.00  

Standard Deviation 300.00 400.00  

Let α = 80% and let T = 0.8416, the 80th percentile of the standard normal distribution1. 

VaR(Xi) is the 80th percentile of Xi, i.e. the 6th highest value of Xi.  TVaR(Xi) is the average 
of the top 20%, i.e. the average of the top five Xi’s. 

Table 2 gives the values of the three measures of risk for the Xi’s in Table 1.    

Table 2 
Required Assets 

ρ(X) X1 X2

StdT 952.49 1036.65 
VaR80% 894.25 959.01 

TVaR80% 1178.19 1337.59 

The insurer may account for a portion of its assets as a liability to cover what it expects to 
pay, but in some instances more money will be needed. The money set aside for this 
contingency is what we call capital.  In other words, we say that 

Capital = ρ(X) – E[X]. 

Table 3 gives the capital required for each Xi according to the three measures of risk. 

Table 3 
Required Capital 

ρ(X) X1 X2
StdT 252.49 336.65 

VaR80% 194.25 259.01 
TVaR80% 478.19 637.59 

Some observations: 

• In these examples, all three measures imply that required assets are greater than the 
expected losses.  This will always be true for the StdT and TVaRα measures of risk.  It 
is possible for the assets required by VaRα to be less that the expected loss.  
Consider for example, the case when losses are zero for more than α% of the 
scenarios.  Here the VaRα will be zero.  

                                                 
1 In practice, we expect that the typical insurer will want to choose higher T’s and/or α’s.  The choice of lower 
T’s and α’s allow more compact examples. 
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• In these examples, there was a proportionally larger increase in the assets required by 
the TVaRα measure than for the other two measures.     

The point of these examples and subsequent comments is to suggest that not all measures 
of risk are equally appropriate for setting capital requirements.  The point of the “coherent 
measures of risk” theory is to specify properties of risk measures that are desirable, and find 
which measures satisfy these properties.  We now turn to this task.  

 

2.   DESIRED PROPERTIES OF RISK MEASURES 

 

RISK MEASURES 

 
If Χ∈X where X is a random variable representing the payoffs from a portfolio of 

assets and liabilities and is the set of admissible portfolios that an agent may hold then a 
risk measure, as defined by Artzner, is function 

Χ
ℜ→XR : , where R(X) is the amount of 

extra cash that the agent needs to hold in addition to the risk position X to invest prudently 
to be allowed by a regulator to proceed with his plans. “Investing prudently” as defined by 
Artzner et. al. is taken to imply with zero interest and R(X) for the holder of X is defined as 
risk capital.  

If then money needs to be added to the position and represents a cost to the 
agent, while if  then money can be taken out of the position and can be considered 
a gain to the agent. 

0)( >XR
0)( <XR

 
 
Coherent Risk Measures 
 
A coherent risk measure is a risk measure which satisfies four axioms. Artzner et al stated 
these axioms from the perspective of an agent that may hold a portfolio of assets and/or 
liabilities, where X represents the random net worth of the agent’s portfolio. If the axioms 
were stated from a perspective more apt to actuarial analysis, and X represented random 
losses (losses having a positive sign), the axioms would be stated as follows: 
 



1. Translation Invariance 
 ( ) ( ) αραρ +=+ XX  

2. Subadditivity for all X,Y∈G 
      ( ) ( ) (YXYX )ρρρ +≤+  
3.   Positive homogeneity : for all X∈G and ℜ∈λ  
     ( ) (XX )λρλρ =  
4.   Monotonicity : for all X,Y∈G with YX ≤ , 

( ) ( )YX ρρ ≤  

where ( )⋅ρ  is the risk measure; X, Y are the losses; and G is the set of all risks.   

A brief description of the meaning of these axioms in terms of insurer losses would be:   

• The translation invariance axiom means that if each loss is increased by an amount, 
α, the total assets needed are increased by the same amount, α. 

• The subadditivity axiom captures the meaning of diversification.  When two insurers 
merge, they do not need to increase their total assets.  In fact, if the merger is 
effective, they can reduce their total assets.  

• The positive homogeneity axiom means that if an insurer buys a λ percent quota 
share reinsurance contract on its entire book of business, it can reduce its assets by λ 
percent.  

• The monotonicity axiom means that if Insurer A always has losses, X, that are less 
than Insurer B losses, Y, it will need less total assets.   

 
Hence if the acceptance set satisfies the four axioms defined previously, the risk measure 

defined in (1) is coherent. Likewise if the risk measure is coherent then the acceptance set as 
defined in (2) satisfies the acceptance set axioms as defined above. 

We now give some examples of some commonly used risk measure and show if they are 
coherent. The four risk measures considered are the following: 

1) Standard deviation  
    E[X] + a*SDev[X]  where SDev[X] represents the standard deviation of X 
 
2) Value at Risk (VaR)

    VaRα(X)=min(x|F(x) ≥ α ) 
 
This a quantile measure and states what is the smallest value x of a random variable X such 
that the probability of X being less than that value x is greater than α  
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3) Tail Value at Risk (TVaR) 
 

    ( ) ( ) ( ){ } ( ) ( )[ ]αα
α

ααα VaRXVaRXEVaRXVaRTVaR >−⋅
−

>
+= |

1
Pr  

 
This can be thought of as the expected value of X given that it has exceeded the VaRα (X) 
level. Note that in the second term of the right side of the equation, E[X- VaRα (X)|X> 
VaRα (X)] ≡ EPDX(VaRα (X)). 

 
4) Wang Transform
 

WT(α )=E*[X] which is the expectation of the random variable under a distorted 
probability distribution F* where F*(x)= ( ) ( )( )α11 )( −− Φ−ΦΦ xF  and Φ  denotes the 
standard normal cumulative distribution. 

The Wang transform is considered an “improvement” on TVaR since TVaR considers 
only losses above the VaR level and so no incentives exist to reduce losses below the VaR 
level. The Wang measure aims to overcome this problem. 

 
Check for “Coherent” for Various Risk Measures 
 
1) Standard Deviation 
 

The Standard Deviation Risk Measure in essence aims to take the average of the 
distribution and then apply a loading to it. The advantage to this measure is its ease of 
computation. However, this risk measure does not satisfy the monotonicity of risk 
measures. This is demonstrated below: 

 
Loss of Risk X Prob X Loss of Risk Y Prob Y 
1 0.95 2 0.95 
2 0.04 2 0.04 
2 0.01 2 0.01 

 
The expected loss of Risk X is 1.05 and the standard deviation is 1.0723. The expected 
loss of Risk Y is 2 while the standard deviation is 0. Hence by taking a=1 in the standard 
deviation risk measure we have  =2.122 and  =2. Hence this 
implies . But, as we can see from the chart above, risk Y is riskier than risk 

)(Xp )(Yp
)()( YpXp ≥



X, since at every state the loss from Risk Y is at least as great as Risk X. Hence this is not 
in agreement with the monotonicity argument as defined in the coherent section above. 

 
 
For the next three risk measures we consider the following risks X and Y 
 
Risk X: 
 

X P(X=x) 
0 0.93 
1 0.04 
2 0.03 

 
 
Risk Y: 
 
 

Y P(Y=y) 
0 0.96 
0.5 0.005 
2.5 0.035 

 
 
2) Value at Risk 

 
The Value at Risk measure at level α is often defined as a quantile measure. 
Mathematically VaRα (X) will be denoted as Qα(X) and is defined as  

Qα(X) = min(x | F(x)≥ a) 
A similar measure is defined by:  

Qα 
+(X) = max(x | F(x)≤ a) 

 
These are the same for continuous distributions but for discrete distributions they take 
different values. For the risks defined above, we can construct a new table showing the 
new cumulative density distributions (see next page) from which we can derive the new 
Value At Risk figures. Hence this gives us, for Risk X, 1)(95.0 =XQ  while for Risk Y, 

.  Also note that  and Q .  0)(95.0 =YQ 0)(95.0 =+ XQ 0)(95.0 =+ Y

 
 

Risk X F(X=x) Risk Y F(Y=y)
0 0.93 0 0.96 
1 0.97 0.5 0.965 
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2 1 2.5 1 
 
Suppose we now combine the two distributions together, assuming independence, as 
shown in the graph below: 

 
Risk X + Risk Y F(X+Y= x + y)
0 0.8928 
0.5 0.89745 
1 0.93585 
1.5 0.93605 
2 0.96485 
2.5 0.99755 
3.5 0.99895 
4.5 1 

 
 
This gives us a combined Value at Risk denoted by )(95.0 YXQ +  equal to 2. Hence 

 which shows VaR is not subadditive and hence not 
coherent for all risks/distributions. 

)()()( 95.095.095.0 YQXQYXQ +≥+

 
 
3) Tail Value at Risk 
 

The TVaRα(X) is intuitively defined as “the expected value of the loss, given the loss is 
greater than the VaR”. Hence, mathematically TVaRα(X) is defined as  

( )[ ])(|)(
1

)]([
)()( XQXXQXE

XQXP
XQXTVaR αα

α
αα α

>−
−

>
+=  

We can define a similar measure referred to as the Conditional Tail Expectation (CTE) 
and this equal to  

( ) ( ) ( )( )[ ]XQXXQXE
XQF

XQXCTE
X

αα
α

αα >−
−

+= |
)(1

1)()(  

 
In the case of continuous distributions, CTEα(X) is equal to the TVaRα(X). 

Examining our risks X and Y, the TVaR figures are =1.6 and 
=1.8. For the combined portfolio, 

)(95.0 XTVaR
)(95.0 YTVaR )(95.0 YXTVaR + =2.4215. Hence 

. )()()( 95.095.095.0 YTVaRXTVaRYXTVaR +≤+



 
4) Wang Transform 
 

The table below shows the probability distribution of both X and Y as well as the 
modified probability distribution under a Wang Transform. 

 
Payoff X P(X=x) P*(X=x) Payoff Y P(Y=y) P*(Y=y)
0 0.93 0.432 0 0.96 0.542 
1 0.04 0.160 0.5 0.005 0.024 
2 0.03 0.407 2.5 0.035 0.434 

 
Hence under this new modified probability distribution WTF(X)=0.974 and 
WTF(Y)=1.096.  

The payoff of the sum of X and Y, and its distribution, is shown by combining the two 
portfolios. 

 
Risk X+Y f(X+Y=x+y) F(X+Y=x+y) f*(X+Y=x+y) 
0 0.8928 0.8928 0.343365 
0.5 0.00465 0.89745 0.009462 
1 0.0384 0.93585 0.097825 
1.5 0.0002 0.93605 0.00632 
2 0.0288 0.96485 0.114291 
2.5 0.0327 0.99755 0.313159 
3.5 0.0014 0.99895 0.045031 
4.5 0.00105 1 0.076235 

 
Using this new modified distribution the Wang Transform of the combined portfolio is 
1.61565. Hence it can be seen from this that )()()( XpYpYXp +≤+ , and so satisfies 
the subadditivity argument of coherency. 

 
As we have shown above both the Standard Deviation and the VaR risk measures failed 

to satisfy coherency. However, while we showed that the TVaR and the Wang Transform 
measure satisfied the subadditive argument of coherency this is not sufficient to guarantee 
the coherency of a risk measure. We now give some results, as shown in Wang’s paper which 
gives a more complete result. 

Definition 1 

Let  be an increasing function with g(0)=0 and g(1)=1. The transform 
F*(x)=g(F(x)) defines a distorted probability distribution.   

]1,0[]1,0[: ⇒g
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Definition 2  

We define a family of distortion risk-measures using the mean –value under the 
distorted probability F*(x)=g(F(x)): 

 

∫ ∫
∞−

−∞

−+−==ρ
0

0

))]((1[))(()(*)( dxxFgdxxFgXEX  

 
It can be proven that (reference) this risk measure is coherent if and only if g(.) is 
continuous. 

With VaR, the distortion function is defined as  

 

 g(u)=  
⎩
⎨
⎧

α≥
α<

u  when
u  when

1
0

 
This has a jump at α  and hence is not continuous. As a result the VaR is not coherent.   

In contrast the distortion function regarding the TVaR measure is given below: 

 

g(u)= 
⎪⎩

⎪
⎨
⎧

α≥
α−
α−

α<

u whenu
u  when

1

0
  

 
This is continuous and hence the TVaR measure is coherent. However, this is not 
differentiable at .   α=u

 
The publication of Artnzer et. al. paper on coherent risk measures led many to believe 

that any suitable risk measure must satisfy the axioms determining coherent risk measure. 
Hence, the deficiency of the VaR risk measure to satisfy the subadditive condition led many 
to question the suitability of this measure.  

However, there are arguments suggesting coherent risk measures are not always 
satisfactory in measuring risk.  Goovaerts and others have argued that the characteristics that 
a risk measure should satisfy should be dependent on what the risk measure is being used 
for; premium calculation or capital allocations and what type of distributions are being 



analysed, independent or dependent and heavy tailed or short tailed distributions.  Consider 
the case where the risk measure is being used as a premium calculation. For instance in the 
case where catastrophic risks are being considered, risks may well be strongly dependent and 
so implying a condition of subadditive can be extremely dangerous.  

 

3. ASSET RISK 

Having discussed the Coherent risk measures in the previous section, let’s turn back to 
the task of setting capital requirement.  The examples in the introduction section consider 
assets to be fixed.  In this section we show how to determine if an insurer has adequate 
assets to support its underwriting risk when assets are random. 

Suppose that the random loss X takes on the values { } 1

n
i i

x
=

 and the random asset A takes 
on the values{ } .  Then the net value of the insurer, X – A

1

n
i i

a
=

2, takes on the 
values{ .  If ρ(·) is a measure of risk, then an insurer is said to have adequate assets 
to support its business if ρ(X – A) = 0.  When this is the case, we define the value of the 
required assets as E[A]. 

} 1

n
i i i

x a
=

−

Note that if the assets, A, are fixed, this definition is equivalent to that given in the 
introduction as a consequence of the translation invariance axiom. 

For a given exposure, it is prudent for the insurer to assemble assets of sufficient quantity 
and grade to satisfy the condition that ρ(X – A) = 0.  To illustrate how to do this, consider a 
set of outcomes from a single stock.  The scenarios from $1000 worth of stock are paired 
with realizations to scenarios from Table 1, and this pairing is shown in Table 8. 

For loss random variables X1 and X2, the insurer needs to calculate how much stock it 
needs to hold to satisfy the condition ρ(X – A) = 0.  Table 9 illustrates this calculation for 
X1 using the TVaR80% measure of risk.  Table 10 gives the results for X1 using the VaR80% 
measure of risk. Table 11 summarizes the result of similar calculations for X1 and X2 with 
the other measures of risk.    

Table 8 
Loss and Asset Scenarios 

Scenario X1 X2 Assets 
1 264.89 119.86 1217.33 

                                                 
2 Even though it would usually result in a negative amount, the net worth is here defined as X-A to preserve 
consistency in the sign of X, of losses being positive. Defining net worth as X-A, Liabilities minus Assets, 
would be counterintuitive in most other contexts. 
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2 1552.69 1836.92 956.78
3 765.95 787.93 1136.63
4 846.00 894.66 998.81
5 699.56 699.42 1111.55
6 614.18 585.58 887.72
7 803.76 838.35 1040.70
8 669.66 659.55 804.38
9 328.37 204.50 909.05
10 641.32 621.76 951.76
11 951.11 1034.81 1174.28
12 369.36 259.15 1006.87
13 1021.11 1128.15 973.16
14 432.44 343.25 864.71
15 459.93 379.91 1056.31
16 402.79 303.72 1018.58
17 511.71 448.95 842.58
18 894.25 959.01 1082.40
19 536.98 482.64 969.84
20 1113.53 1251.37 996.48
21 562.29 516.38 901.57
22 587.93 550.58 1046.75
23 486.17 414.89 1087.13
24 1252.53 1436.70 958.73
25 731.47 741.96 1005.89

    
Average 700.00 700.00 1000.00

Standard Deviation 300.00 400.00 100.00

 



 

Table 9 
Required Assets for X1 and TVaR80% 

 

Scenario Liabilities Assets Difference Rank Liab - s × Assets
1 264.89 1217.33 (952.44)  (1191.26)
2 1552.69 956.78 595.91 1  408.21 
3 765.95 1136.63 (370.68)  (593.66)
4 846.00 998.81 (152.81)  (348.76)
5 699.56 1111.55 (411.99)  (630.05)
6 614.18 887.72 (273.54)  (447.69)
7 803.76 1040.70 (236.94)  (441.10)
8 669.66 804.38 (134.72) 5  (292.52)
9 328.37 909.05 (580.68)  (759.02)
10 641.32 951.76 (310.44)  (497.16)
11 951.11 1174.28 (223.17)  (453.54)
12 369.36 1006.87 (637.51)  (835.04)
13 1021.11 973.16 47.95 4  (142.96)
14 432.44 864.71 (432.27)  (601.91)
15 459.93 1056.31 (596.38)  (803.61)
16 402.79 1018.58 (615.79)  (815.61)
17 511.71 842.58 (330.87)  (496.17)
18 894.25 1082.40 (188.15)  (400.49)
19 536.98 969.84 (432.86)  (623.12)
20 1113.53 996.48 117.05 3  (78.44)
21 562.29 901.57 (339.28)  (516.15)
22 587.93 1046.75 (458.82)  (664.17)
23 486.17 1087.13 (600.96)  (814.23)
24 1252.53 958.73 293.80 2  105.72 
25 731.47 1005.89 (274.42)  (471.76)
  

Average 700.00 1000.00 (300.00)  (496.18)
Average of 5 highest 183.99  0.00
Standard Deviation 300.00 100.00 322.75  329.63

 

For the risk measure TVaR80%, the insurer calculates the amount of stock it needs to hold so 
that the average of the largest five differences is equal to zero. In the above example, it is 
necessary to hold s=1.1962 shares of stock. 

 

Table 10 
Required Assets for X1 and VaR80%

Scenario Liabilities Assets Difference Rank 
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1 264.89 1013.45 (748.56)  
2 1552.69 796.54 756.15 1 
3 765.95 946.27 (180.32)  
4 846.00 831.53 14.47 5 
5 699.56 925.38 (225.82)  
6 614.18 739.04 (124.86)  
7 803.76 866.40 (62.64)  
8 669.66 669.66 0.00 6 
9 328.37 756.80 (428.43)  
10 641.32 792.36 (151.04)  
11 951.11 977.61 (26.50)  
12 369.36 838.24 (468.88)  
13 1021.11 810.17 210.94 4 
14 432.44 719.89 (287.45)  
15 459.93 879.40 (419.47)  
16 402.79 847.99 (445.19)  
17 511.71 701.47 (189.75)  
18 894.25 901.12 (6.87)  
19 536.98 807.41 (270.43)  
20 1113.53 829.59 283.94 3 
21 562.29 750.57 (188.28)  
22 587.93 871.44 (283.51)  
23 486.17 905.06 (418.89)  
24 1252.53 798.16 454.37 2 
25 731.47 837.43 (105.96)  

     
Average 700.00 832.52 (132.52)  
StDev 300.00 83.25 311.34  

 

For the risk measure VaR80%, the insurer calculates the amount of stock it needs to hold so 
that the sixth largest difference is equal to zero. 

 
Table 11 

Required Random Assets for X1 and X2 with Various Measures of Risk  

ρ(X) X1 X2

StdT 965.23 1048.01 
VaR80% 832.52 886.00 

TVaR80% 1196.18 1346.13 
 



To ease comparisons, we repeat Table 2. 

Table 2 
Required Fixed Assets for X1 and X2 with Various Measures of Risk 

ρ(X) X1 X2

StdT 952.49 1036.65 
VaR80% 894.25 959.01 

TVaR80% 1178.19 1337.59 
 

Note that the StdT and the TVaR80% measures of risk increase the needed assets when asset 
risk is introduced, while the VaR80% decreases the needed assets when asset risk is 
introduced.  To some this may seem to be a curious result, so let’s discuss it. 

 

In the examples, the coefficient of correlation between the losses and the assets is exactly 

zero.  Here, the only discussion will be of the case when losses and assets are independent 

variables3.   So, if losses and assets are independent, is it true that the VaR80% will generally 

decrease the needed assets when asset risk is introduced? The answer is no. In the example, 

the distribution of loss minus assets has a large, but short tail.  If the top 5 loss minus asset 

are big but the rests are small, the measure VaR80% will likely decrease the needed assets. 

However, this is not the general situation. In Appendix B - Mathematic Analogue for Asset 

Risk, we will prove that the measure VaR80% will also increase the needed assets if both loss 

and asset follow normal distribution.  There are also mathematics analyses for the StdT and 

the TVaR80% calculation in Appendix B - Mathematic analogue for asset risk. 

4.  A GRAPHICAL REPRESENTATION OF TVARα

The tail value at risk can be represented as an area on a graph using the approach given 
by Lee (1988).  Plot the loss amount, x, on the vertical axis and plot the cumulative 
probability, F(x), the horizontal axis.  For discrete distributions, F(x) is a step function with 
the steps being taken at the discrete loss amounts, xi.  The resulting graph can be represented 
as a series of strips with height xi.  Figure 1 shows the Lee graph for the random variable X1 
of Table 1.    

                                                 
3 If the assets are perfectly correlated with the losses, one can construct a perfect hedge with the value of 
the assets is equal to the expected value of the losses.  So increasing asset risk can lead to a decrease in the 
required assets for all 3 measures. 
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Figure 1 

TVaR80%(X1) = 1,178.19 
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The TVaR80% is the average of the top 20% of the losses.  This is equal to the area under the 
curve and to the right of the cumulative probability of 0.80, divided by the probability that 
X1 is above the 80th percentile, 0.20. 



In the previous section, we proposed a standard that an insurer would be deemed to have 
sufficient assets if ρ(X – A) = 0 for a measure of risk. Figures 2 and 3 show the Lee graphs 
corresponding to Tables 2 and 11 for X1 – A, for fixed and variable assets respectively. 

Figure 2 

TVaR80%(X1 – 1178.19) = 0 
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To be consistent with the interpretation of the Lee graphs, the strips that are below the zero 
point on the vertical axis have negative area.  The graphical interpretation of the expression 
TVaRα(X – A) = 0 means that total area above the αth percentile is equal to zero. 
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Figure 3 

TVaR80%(X1 – A) = 0 for Random Assets A 
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The Lee graphs also provide a graphical interpretation of the VaRα.  Τhe expression 
VaRα(X – A) = 0 means that the αth percentile of X – A is exactly zero.  Figure 4 shows the 
Lee graph for the VaR80% of X1 with random assets A. 

A comparison of Figures 3 and 4 should make it clear that a highly volatile X – A will 
lead to a big difference in the assets required by TVaRα and VaRα.  In our examples, adding 
uncorrelated volatility to the assets resulted in a small increase in the required assets for the 
StdT and TVaRα measures of risk.  The volatility of X – A in the tail leads to a decrease of 
the required assets for the VaR measure of risk. 

Figure 4 

VaR80%(X1 – A) = 0 for Random Assets A  
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9.5. CLASSES OF COHERENT MEASURES OF RISK 

 

So far, we have identified Maximum(X) and TVaR(X) as coherent measures of risk.  
There are others.  In the following sections, we will give several generalized descriptions of 
coherent measures of risk.  There, we will dig deeper into the mathematics of coherent risk 
measures.  We will prove the following proposition in Section 6 below.  

Proposition 

Let x1,…, xn be sorted in increasing order.  Let X be a random variable that takes on each 

value of xi with equal probability.  If g1 ≤  g2, ≤ …, ≤  gn  with 
1

1
n

i
i

g
=

=∑ , 

then ( )
1

n

G
i

i iX g xρ
=

= ∑  is a coherent measure of risk.                                                (9.5.1) 

In the examples in Sections 1 and 3 above, we can calculate the TVaR80% using this 
formula by first sorting the xi’s and (xi – ai)’s in increasing order.  Next set  

g1 = … = g20 = 0 and set g21 = … = g25 = 1/5 and apply the above formula. 

The gi’s can be thought of as risk adjusted probabilities for the xi’s (see Section 6).  

 

 

The Representation Theorem 

Artzner et. al. give a complete characterization of coherent measures of risk that we now 
describe.  

Let Ω denote a finite set of scenarios.  Let X be the loss incurred by the insurer under a 
particular business plan.  Each loss is associated with an element of Ω. 

The representation theorem states that a risk measure, ρ, is coherent if and only if there 
exists a family, Π, of probability measures defined on Ω such that 

 ( ) [ ]{ }Π∈= PXEX P |supρ  (9.5.2) 



One way to construct a family of probability measures on Ω is to take a collection 

 of subsets of Ω with the property: { } 1

m
i i

A
=

=A
1

i
i

A
=

m

= ΩU .   Let ni be the number of 

elements in Ai.  Assume that all elements in Ω are equally likely.  Define the probability 

measure, Πi, on the elements ω ∈ Ω as the conditional probability given that the element is 

in the set Ai, and 0 otherwise.  That is  

 ( )
1  if 

 0  if 

i
ii

i

A
n

A

ω
ω

ω

⎧ ⎫∈⎪ ⎪= ⎨ ⎬
⎪ ⎪∉⎩ ⎭

P .  

The authors refer to the collection of probability measures, Π, on the set of scenarios as 
“generalized scenarios.” 

Let’s look at an example.  The following table gives a set of scenarios and associated 
losses. 

Table 12 

Scenario X 
1 0 
2 2 
3 2 
4 6 

 

Let A1 = {1,2} and A2 = {3,4}.  We then calculate the expected values  

[ ]
1

1E X =P and [ ]
2

4.E X =P  

The associated coherent measure of risk, ρA(X), is then given by 

( ) [ ]{ }i
sup 1,2 4.X E X iρ = = =A P  

We can similarly construct a second coherent measure of risk, ρΒ (X), on the scenarios in 
Table 12 with the subsets BBi = {i}.  In this case we have ρΒ (X)= 6. 

There can be varying degrees of conservatism imposed on coherent measures of risk by 
varying the choice of generalized scenarios. 

From this point forward, we assume that all random variables take their values on a finite 

set of n scenarios, with each scenario having equal probability.  While this does not lead 
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to the most general results possible, it does reduce the complexity of the mathematics 

needed to understand the main ideas below.  Keep in mind that models built on more 

general assumptions can be approximated to any desired degree of accuracy by a model built 

on this assumption.   

6.  RISK-ADJUSTED PROBABILITIES 

Lastly, we will discuss another important concept in the risk measure theory -- “Risk-
Adjusted Probabilities”.  This section will illustrate the concept of risk – adjusted 
probabilities using a simple example.  The reader can refer to Appendix C for more on the 
theory. 

Suppose an insurer has the opportunity to write a risk with the following possible 
outcomes: 

 

Table 13 

Event Event Amount of
Number Probability Loss

1 20% 0.00
2 45% 50.00
3 30% 100.00
4 5% 250.00
  

Average  65.00
 

The insurer would like to calculate a risk load, and charge a premium for writing this risk of 
65 (expected loss) plus the risk load. 

One approach to assessing the risk might be to assign some judgment-based weights to 
the more severe outcomes, as follows: 

 

Table 14 
Event Event Amount of

Number Probability Weights Loss
1 20% 1.00 0.00
2 45% 1.00 50.00
3 30% 1.50 100.00



4 5% 2.00 250.00
  

Average  1.20 65.00
Weighted Average 92.50
 

These weights could be based on the potential adverse impact on the company from the 
more severe events.  The indicated premium of 92.50 includes an extra charge for the 
higher-loss events. 

In actual practice the weights can be parameterized (equivalently, set the risk-adjusted 
probabilities) more objectively by using values derived from a traded market (e.g., recent 
stock market prices). The concept is that risk can (or should) be measured & priced 
consistently across financial and insurance contexts, as discussed by Wang in several papers 
and also by Kreps in his "Investment-Equivalent Reinsurance Pricing" paper. 

It could be argued that this risk charge is too heavy because the weights have an overall 
expected value of 1.20, which alone inflates the premium by 20%. We can balance the 
weights back to an average value of 1.00 by simply dividing all of them by 1.20, which gives: 

 

Table 15 
Event Event Amount of

Number Probability Weights Loss
1 20% 0.83 0.00
2 45% 0.83 50.00
3 30% 1.25 100.00
4 5% 1.67 250.00
  

Average  1.00 65.00
Weighted Average 77.08

 

This set of weights surcharges for higher-severity events and gives a lighter weight to 
favorable, low-severity events.  The net effect is to generate a risk-loaded price of 77.08 
which is approximately a 19% risk load on expected loss.  Once the weights are balanced to 
an expected value of one, it is possible to consolidate them with the probabilities and 
produce "risk-adjusted probabilities": 

 

Table 16 
 Event 

Event Risk-Adjusted Amount of
Number Probability Loss

1 16.7% 0.00
2 37.5% 50.00
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3 37.5% 100.00
4 8.3% 250.00
  

Average  77.08
 

Each risk-adjusted probability is the product of a weight with the corresponding actual 
probability.  Risk-adjusted probabilities resemble actual probabilities in that they are between 
zero and one and add up to 100%.  They incorporate both the actual probability of an event 
and its associated risk in a single "risk-adjusted probability" figure.  Taking the expected 
value of the loss amounts using the risk-adjusted probabilities gives the same result as the 
weighted expected value, a premium indication of 77.08. 

"Several well-known risk measures, such as TVaR4, can be implemented using risk-
adjusted probabilities in the method of 'co-measures' (Kreps 2004)" referencing Kreps' 
recent PCAS submission on co-measures. 

Risk-adjusted probabilities play a central role in finance theory, specifically with regard to 
risk measurement and derivatives. There is much more to understand about their meaning 
and significance than is shown here.  This exposition is only a bare introduction. Readers are 
strongly encouraged to consult a finance text such as Financial Economics, edited by Panjer 
(Actuarial Foundation) or Brealey and Myers. 

 

 

APPENDIX 

 

Appendix A:  Mathematic analogue for asset risk  

Let’s discuss each of the three measures of risk with random asset. 

Standard Deviation:  
ρ(X - A) = StdΤ(X - A) = E[X - A] + T· σX-A. 

= E[X - A] + T· (σX
2 +  σA

2 – 2Cov(X, A))½ = 0 . 

                                                 
4 TVaR is the same as a risk-adjusted probability distribution, where the probabilities of non-tail events are set 
to zero and the probabilities of tail events are scaled up so they sum to one. Equivalently in the example's 
framework, give weights of zero to non-tail events and weights of one to tail events, then proceed. 



Hence: 

  E[A] = E[X] + T· (σX
2 +  σA

2 – 2Cov(X, A))½ 

 

If X and A are independent, required assets will be increased according to standard 

deviation measure of risk 

Value at Risk:  

For normal distribution, VaR is equivalent to standard deviation measure of risk if we set T 

= Φ-1(α) 

Since Φ((VaRα(X) - E[X])/ σX) = α 

VaRα(X) = E[X] + Φ-1(α)· σX 

This is exactly the standard deviation measure of risk when T = Φ-1(α) 
 
When asset A is also random, 

Φ(0 – (E[X] - E[A])/ σ X-A) = α   Φ((E[A] - E[X])/ σ X-A) = α   

σ X-A = (σX
2 +  σA

2 )½   >  σX        E[A] > E[X] 

So if both random loss and random assets are normally distributed and they are 
independent, required assets will be increased according to the VaR calculation. 

Similarly in a uniform distribution, for example, random assets will also require more 
assets according to the VaR calculation. 

However, for some distribution, even σ X-A >  σX      as X and A are independent. VaRΑ(X) 
could still be small than VaRα(X) for certain α when the distribution of X – A scattered in a 
certain way.  

Tail Value at Risk:  

If X follows normal distribution, X ~ N(E[X], σX
2), V = VaRα(X) 

 

The tail value  dx  
2

x   (X)TVaR
V

2
[X]) -(x -e 2

2

∫
∞

= X

E

x

σα πσ
 

) -  E[X](1   
2

   e 2
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σ += X
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If asset A also follows normal distribution and independent from X 
X – A will follow normal distribution N((E[X] - E[A], σX

2+  σA
2) 

If we denote Y = X – A, σY = (σX
2+  σA

2) ½  ,  E[Y] = E[X] - E[A] 

) -  E[Y](1   
2

   (Y)TVaR e 2
))((-

2-1

α
π

σ α

α +=
Φ

Y  

We would want TVaRα(Y )  =  TVaRα( X – A )  =  0 

Hence: 0  ) -  E[Y](1   
2

 e 2
))((-

2-1

=+
Φ

α
π

σ α
Y  

Therefore:   
2) - (1
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))((-
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Therefore:    
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))((-
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πα
σ Φ
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Therefore, for random asset, 

 E[X]   
2) - (1
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))((-
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==
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α πα
σσ AX    

Comparing with the result for fixed asset we got before: 

) -  E[X](1   
2

    (X)TVaR  e 2
))((-

2-1

α
π

σ α

α +==
Φ

X  



Obviously, tail value at risk for random asset is bigger. 

We are not aware of a general analogue for VaRα and TVaRα.  Ηowever it is worth 
noting that if TVaRα(X – A) = 0, then VaRα(X – A) ≤ 0, with strict inequality being the 
norm.  Thus the assets required by VaRα are no greater than the assets required by TVaRα, 
again with strictly less assets being the norm.  

 

Appendix B:  More on Risk – Adjusted Probabilities 

Define ρG(X) to be equal to the expected value of X under the distribution transformed 
by G.  Given our standing assumption that each scenario is equally likely, we can calculate 
ρG(X) by the following steps. 

1. Set g1 = G(1/n).  For i = 2 to n, set gi = G(i/n) – G((i – 1)/n).  Note that g is a 
nondecreasing function with g(0) = 0 and g(1) = 1.  

2. Sort the scenarios, indexed by i, in increasing order of xi. 

3. Calculate ( ) ( ) ( )1 1 1
2 1

( ) ( ( ) ( ( )
n n

G i i i
i i

i iX x G F x x G F x G F x g xρ −
= =

= + − =∑ ∑ . 

Shaun Wang, Virginia Young and Harry Panjer (1997) propose a set of axioms that are 
satisfied if and only if a measure of risk, ρG(X), can be represented as the expected value of a 
risk-adjusted probability measure as described above.  

We say that two risks, X and Y, are comonotone if (Xi-Xj)(Yi-Yj) ≥ 0 for all scenarios 
i and j.  The Wang/Young/Panjer axioms replace the subadditivity axiom with an axiom that 
requires ρ (X + Y) = ρ (X) + ρ (Y) for comonotone X and Y.   

If in addition, g is concave up, then ρg(X) satisfies all of the axioms that define a coherent 
measure of risk.  Let G be a nondecreasing function that maps the closed interval [0, 1] to [0, 
1].  Given a random variable X with cumulative distribution F(x), one can use G to calculate 
a transformed cumulative distribution function for X equal to G(F(x)).   

The sorting operation, (9.5.1), described in Step 2 above distinguishes ρG(X) from the 
characterization of coherent measures of risk given in the representation theorem (9.5.2) 
above.  Thus it is necessary to prove that, or as it turns out, when ρG(X) is a coherent 
measure of risk. 

Let P ={p} be the set of all permutations of the scenarios from 1 to n.  Let p(i) be the ith 
number in permutation p ∈ P.  Define the G-Coherent measure of risk as: 
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x( ) ( )
1

Sup
n

GC i p i
p i

X gρ
∈ =

⎧ ⎫= ⎨ ⎬
⎩ ⎭
∑

P
 

ρGC(X) satisfies the conditions of the representation theorem for coherent measures of risk.  
The distinction between ρGC and ρG is important when you combine risks.  Let xi and yi be 
losses associated with the ith scenario in our set of n scenarios.  If the xi’s are sorted in 
increasing order, the yi’s may not be. ρGC calculates the coherent measure of risk that is 
independent of the order of the xi’s and yi’s.   

Below, we will given an example where ρGC(X) ≠ ρG(X).  In this example, ρG(X) is not a 
coherent measure of risk.  But first we give a sufficient condition on G that assures that 
ρGC(X) = ρG(X). 

Proposition 

If g1 ≤ g2 ≤ …,   then ρGC(X) = ρG(X).  That is to say, ρG(X) is a coherent measure of risk.   

Proof 

Let { } be the permutation of the set of losses where:ip x′  

( ) ( )
1

n

GC i p i
i

X g xρ ′
=

= ∑  

Suppose that ( ) ( )  for some . p i p jx x′ ′> <i j jThen, since ,ig g≤  one can exchange 

( ) ( )with p i p jx x′ ′  and increase ( )GC Xρ .  Since this contradicts the definition of ( )GC Xρ , it 
follows that Thus( ) ( 1)  for all 1,..., 1. p i p ix x i n′ ′ +≤ = − ( ) ( ).GC GX Xρ ρ=  

Now each gi is proportional to the slope between Gi and Gi-1.  Thus the condition 

g1 ≤ g2 ≤ … means that the slope of G is nondecreasing.  That is to say, the graph of G is 

concave up.     



Let’s look at some examples. 

Example 1 – The Tail Value of Risk  

Define G(u) = Max(0,u–α)/(1–α).  A graph of G(u) for α = 90% is on Figure 5 below.  
Let i be the first integer such that i/n is greater than α.  Then  

0 = g1 = … = gi-1 ≤ gi ≤ gi+1 = … = gn.  Thus ρG(X) is a coherent measure of risk that 
equal to TVaRα(X). 

Example 2 – The Wang Transform 

Define ( )( 1( )G u u )λ−= Φ Φ − , where Φ is the cumulative distribution function for the 
standard normal distribution.  λ is a free parameter representing risk aversion.   

Wang has used this transform to establish links between traditional actuarial pricing 
methodologies and financial pricing methodologies, such as the Black-Scholes option pricing 
formula and the Capital Asset Pricing Model. 

Figure 1 shows that the Wang transform is concave up for λ = 1.2.  We now prove that 
this is true for all values of λ. 

According to the mean value theorem of calculus: 

( ) ( )
i

/ ( 1) / 1( ) for some c ,
1/ i

G i n G i n i iG c
n n

− − −⎛ ⎞′= ∈⎜ ⎟
⎝ ⎠n

. 

Then: 

( )( )
( )( )

1 1

1

1

1

1 1for some , .

i

i
i

i

i ig
n n

c i ic
n nc

λ λ

φ λ

φ

− −

−

−

⎛ ⎞ ⎛ − ⎞⎛ ⎞ ⎛ ⎞= Φ Φ − − Φ Φ −⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠⎝ ⎠ ⎝ ⎠

Φ − −⎛ ⎞= ⋅ ∈⎜ ⎟Φ ⎝ ⎠n
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Note also that: 
2
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2
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u e e e
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e
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λφ λ
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−
−

−

−

−
= = ⋅  

which is an increasing function of u. 

As i increases, ci increases, Φ-1(ci) increases and by, the two equations immediately above, 
gi increases. 

Hence the Wang transform is a coherent measure of risk. 

Table 13 provides a sample calculation of ρg(X) for the Wang Transform with λ = 2.  We 
will leave it as an exercise to the reader to verify that TVaR85%(X) = 4.33 and  

TVaR90%(X) = 4.50.  

Table 13 

xi Pi F(xi) W(xi) W(xi)-W(xi-1)

1 0.50 0.50 0.0228 0.0228 

2 0.20 0.70 0.0700 0.0473 

3 0.15 0.85 0.1676 0.0976 

4 0.10 0.95 0.3612 0.1936 

5 0.05 1.00 1.0000 0.6388 

E[X] = 2.00  ρg(X) = 4.3784 

 

Example 3 – A transform using Student’s t distribution 

Define ( ) ( )( )( 1G x Q Q F x )λ−= −  where Q is the Student’s t distribution with ν degrees 
of freedom.  λ is a free parameter representing risk aversion.  Note the similarity of this 
transform to the Wang transform above. 



Figure 5 below shows that this transform for v = 1 and λ = 1.5 is not concave up.  We 
now demonstrate that ρGC(X) ≠ ρG(X) and that ρG(X) is not a coherent measure of risk. 

Table 14 

Gi gi xi yi xi + yi

0.0685 0.0685 1 4 5 
0.1065 0.0380 2 3 5 
0.1344 0.0279 3 2 5 
0.1596 0.0252 4 1 5 
0.1872 0.0276 5 5 10 
0.2244 0.0373 6 6 12 
0.2904 0.0660 7 7 14 
0.4608 0.1704 8 8 16 
0.8202 0.3593 9 10 19 
1.0000 0.1798 10 9 19 

 ρG(X) = 7.548 7.548 15.416 
 ρCG(X)= 7.953 7.953 15.691 

In Table 14, the Gi’s were calculated using a Student’s t distribution with ν = 1 for Q.  We 
chose λ = 1.5.  For X, Y, and X + Y, ρG(·) < ρCG(·).  Also, ρG(X) + ρG(Y) < ρG(X + Y) and 
thus ρG is not a coherent measure of risk.    
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Figure 5 
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Since any measure of risk written in the form of ρG(X) above is coherent, we now have a 
good supply of coherent measures or risk which are comonotone additive.   Are all coherent 
measures of risk comonotone additive?  The answer is no.  Table 14 gives an example of a 
coherent measure of risk that is not comonotone additive. 



Table 14 consists of three scenarios.  The measure of risk is a maximum of the expected 

values over two probability measures. 

Table 14 

Scenario X Y X+Y p1 p2

1 1.0 0.0 1.0 0.4 0.3 

2 2.0 0.0 2.0 0.3 0.6 

3 2.0 1.0 3.0 0.3 0.1 

E1 1.6 0.3 1.9   

E2 1.7 0.1 1.8   

ρ 1.7 0.3 1.9   
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We close this section adding the Wang Transform to the list of measures included in Table 

2.  We deliberately chose λ = 1.447 so that the assets required for X1 are equal to those for 

TVaR80%.  This will make it easier to make comparisons between the two measures in this 

example, and those to follow.     

Table 2' 

Required Assets for X1, X2 and Fixed Assets with Various Measures of Risk 

ρ(X) X1 X2

StdT 952.49 1036.65 
VaR80% 951.11 959.01 

TVaR80% 1178.19 1337.59 
Wang1.447 1178.19 1337.58 

 

Table 11' 

Required Assets for X1, X2 and Random Assets with Various Measures of Risk  

ρ(X) X1 X2

StdT 965.23 1048.01 
VaR80% 832.52 886.00 

TVaR80% 1196.18 1346.13 
Wang1.447 1202.84 1362.99 
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CAS Working Party on Executive 
Level Decision Making Using DRM  

 The Working Party on Executive Level Decision Making Using Dynamic Risk Modeling 
(DRM) was formed to give practicing actuaries help in developing effective DRM 
presentations for senior management.  

The Working Party has produced the following items to help practicing actuaries with 
their presentations:  

• A written report from the working party 
• A PowerPoint template that can be used as a source for presentation slides 
• A paper describing how the slides in the PowerPoint template help solve some of 

the unique presentation problems for DRM studies 
• Three sample DRM PowerPoint presentations based on the template, discussing: 

o reinsurance 
o investment 
o mix of business options 

• A collection of guidelines for the assembly and presentation of DRM concepts 
and results. 

The Working Party report is a summary document with the items listed above linked as 
attachments. The entire package can also be downloaded as a Zip file (3.7 MB)  

All of the documents noted above represent the completed work product of the Working 
Party on Executive Level Decision Making Using DRM. The DRM Committee reviewed 
these documents and thanks the Working Party members for all of their hard work and 
valuable contribution to the profession. The DRMC (and the Working Party) also 
recognize that these documents may need to be updated from time to time, and that other 
examples could be added. The DRMC therefore invites all interested parties to submit 
any and all comments, suggestions, corrections, and additions to the Committee for its 
review and possible inclusion with these documents. Please submit your feedback to the 
current chair of the DRMC. 

 

http://www.casact.org/members/committees/index.cfm?fa=drm_wp
http://www.casact.org/research/drmwp/WP%20Report.doc
http://www.casact.org/research/drmwp/DRM%20presentation.ppt
http://www.casact.org/research/drmwp/DRM%20Presentation.doc
http://www.casact.org/research/drmwp/DRM%20Presentation%20Reins.ppt
http://www.casact.org/research/drmwp/DRM%20Presentation%20Inv.ppt
http://www.casact.org/research/drmwp/DRM%20Presentation%20Mix.ppt
http://www.casact.org/research/drmwp/Guidelines%20for%20Presenting%20DRM.doc
http://www.casact.org/research/drmwp/DRMpptWP.zip
http://www.casact.org/members/CDRM/index.cfm?fa=cdrm
mailto:Nathan.babcock@zurichna.com
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C. GLOSSARY OF TERMS 

The terms that follow were compiled from various chapters in the Handbook as well as 
other sources.  The terms are listed alphabetically, with some terms having more that one 
definition.  The source for each definition is included. 

 

Alternative Scenarios for a Deterministic Model – The running of the model with 
alternative selections of one or more particular variables and their particular values.  Source: 
Scenarios paper, 11/19/99 update, p. 7 

Alternative Scenarios for a Stochastic Model – The running of a model with different 
parameterizations of some or all of the stochastic elements within the model.  Source: 
Scenarios paper, 11/19/99 update, p. 8 

Asset Adequacy Analysis – An analysis of the adequacy of reserves and related items, in 
light of the assets supporting such reserves and related items, to meet the obligations of an 
insurer.  Source: ASOP No. 22 & ACG No. 4, ASB Glossary, 3/99 update 

Assumption Universe – For each demographic assumption, a universe consisting of the 
possible options that the actuary might reasonably use for the specific assumption. For 
example, an assumption universe for a mortality assumption might reasonably include 
relevant published mortality tables and possible adjustments, such as projections of mortality 
improvement. For some pension plans, an assumption universe for a specific assumption 
might reasonably include a table or factors developed specifically for that plan.  Source:  
Exp. Draft, Demographic Assumptions, ASB Glossary, 3/99 update 

Base Case Scenarios – Base Case scenarios describe the most reasonable or selected 
expectations about the future.  The exact meaning of “base case” will differ depending on 
whether the model is deterministic or stochastic.  Source: Scenarios paper, 11/19/99 update, 
p. 7 
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Base Case Scenario for a Deterministic Model – This is an area of the scenarios paper 
that might need to be fleshed out a bit, so as to either produce a definition for this item or to 
align with a definition that might be as follows:  “The base case consists of pre-determined 
values for each variable and model input.  The pre-determined values are typically best 
estimates of the underlying variables and inputs.”  Source: Scenarios paper, 11/19/99 
update, p. 7 

Base Case Scenario for a Stochastic Model – The base case scenario includes the 
parameters and distributions used to model each variable and, when appropriate, the 
correlation between variables.  Source: Scenarios paper, 11/19/99 update, p. 7 

  • “Parameter” Scenario – Under this definition of a stochastic scenario, the 
parameterization if each variable is the base case. 

• “Run” Scenario – Under this definition of a stochastic scenario, the base case is the 
output of the model using predetermined values for each variable.  

Cash Flow Testing – The process of projecting and comparing, as of a given date called 
the valuation date, the timing and amount of asset and obligation cash flows after the 
valuation date.  Source: ASOP Nos. 7, 14, and 22, ASB Glossary, 3/99 update 

Deterministic Model – 1) A model in which the variables used to describe the various 
aspects of an insurance enterprise are given specific values.  Source: Steve Morgan Glossary, p.2 

2) An application of a model in which all of the simulations are done with pre-determined 
parameter values.  Source: Steve Morgan Glossary, p.2 

3) A model that uses point estimates for the value of each variable and as input into the 
model.  A model of this type is used to answer “What-if” questions.  Source: Scenarios paper, 
11/19/99 update, p. 2 

4) A model that treats all estimated cash flows as though they are certain.  Source: Models 
paper, 9/30/99 update, p. 6 

Deterministic Modeling Approach – A modeling approach that uses point estimates 
for the value of each variable and as inputs into the model.  Source: Had been in an earlier 
version of the Scenarios paper… 

Deterministic Model Scenario – A run of the model listing the particular variables and 
their particular values.  Source: Scenarios paper, 11/19/99 update, p. 2 

Dynamic Financial Analysis – 1) A systematic approach to financial modeling in which 
financial results are projected under a variety of possible scenarios, showing how outcomes 
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might be affected by changing internal and/or external conditions.  Source: Executive 
Summary, p. 1 

2) A way of studying the behavior of industrial systems to show how policies, decisions, 
structure, and delays are interrelated to influence growth and stability.  DFA integrates the 
separate functional areas of management -- marketing, investment, research, personnel, 
production and accounting.  Each of these functions is reduced to a common basis by 
recognizing that any economic or corporate activity consists of flows of money, orders, 
materials, personnel, and capital equipment.  Source: Models paper, 9/30/99 update, p.2 

3) An analysis that considers all the material components of a given system (e.g., an 
insurance enterprise), and their interrelationships in one integrated model, which projects 
income and cash flows over a period of time. Source: Risk and Return paper, p. 2 

Dynamic Financial Model – A model that  

• Incorporates both asset and liability processes 

• Has asset values evolve over time 

• Models the insurance enterprise as an ongoing business 

• Can incorporate stochastic variables and support a simulation-type analysis 

• Expresses fundamental processes as cash flows 

  Source: Risk and Return paper, p. 2 

Dynamic Model – 1) A stochastic model that allows feedback loops and management 
intervention decisions to be incorporated into the model logic structure.  Source: Executive 
Summary, p. 6 

2) A model in which the key variables evolve over time.  Source: 6/3/98 VFAC Meeting 
Minutes, p. 2 (Tom Warthen Taxonomy) 

Financial Budgeting Model – A static model which uses one set of assumptions about 
a company’s future operating results.  Source: Executive Summary, p. 3 

Feedback Loops – 1) An attempt to incorporate within a model’s logic structure 
management’s reactions to intermediate model results.  Source: 6/3/98 VFAC Meeting 
Minutes, p. 2 (Tom Warthen Taxonomy) 

2) Automatic conditional decisions or algorithms that make calculations for each modeled 
time period dependent on values calculated for earlier periods.  Source: Models paper, 9/30/99 
update, p. 10 
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3) A model with the capability to impose some rudimentary management decisions during 
the course of a model run to react to the realization of the modeled experience.  Source: Risk 
and Return paper, p. 7 

General Economic Inflation – Price changes over the whole of the economy. The most 
widely used indices are the Consumer Price Index and the Gross National Product price 
deflator.  Source: ASOP No. 6, ASB Glossary, 3/99 update 

Holistic Model – A model that examines and models the environment, the enterprise’s 
competitors and the enterprise itself.  Source: 6/3/98 VFAC Meeting Minutes, p. 2 (Tom 
Warthen Taxonomy) 

Inflation – General economic inflation, defined as price changes over the whole of the 
economy.  Source: ASOP No. 27, ASB Glossary, 3/99 update 

Internal Model – A model that examines only the enterprise itself, not the enterprise and 
the external environment.  Source: 6/3/98 VFAC Meeting Minutes, p. 2 (Tom Warthen 
Taxonomy) 

Model – 1) A set of assumptions that lead to the generation of scenarios.  Source: 
Scenarios paper, 11/19/99 update, p. 2 

2) An information structure, such as a set of mathematical equations, logic, or algorithms 
that is used to represent the behavior of specified phenomena.  Source: ASB Glossary, 3/99 
update 

Scenario – 1) 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.  Source: Models paper, 9/30/99 update,  

p. 20 & Scenarios paper, 11/19/99 update, p. 1 

2) A set of economic and operating assumptions on the basis of which cash flow testing 
is performed. Source: ASOP No. 7, ASB Glossary, 3/99 update 

3) A set of economic, demographic, and operating assumptions on the basis of which 
projections are made.  Source: ASOP No. 32, ASB Glossary, 3/99 update 

Scenario vs. Strategy – A scenario affects the outcome of a strategy while a specific 
strategy affects the impact of the scenario.  Source: Scenarios paper, 11/19/99 update, p. 1 

Social Inflation – The impact on insurance costs of societal changes such as changes in 
claim consciousness, court practices, and judicial attitudes, as well as in other noneconomic 
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factors.  Source: ASOP No. 13, ASB Glossary, 3/99 update 

Static Model – A model whose key variables do not evolve over time.  Source: 6/3/98 
VFAC Meeting Minutes, p. 2 (Tom Warthen Taxonomy) 

Stochastic Model – 1) A model in which the variables used to describe the various 
aspects of an insurance enterprise are randomly generated (stochastic).  Equations are used 
whose parameters are related to the underlying data.  Source: Steve Morgan Glossary, p.2 

2) A model in which the variation from scenario to scenario is illustrated by having one or 
more parameter values chosen at random from specified probability distributions.  Source: 
Steve Morgan Glossary, p.2 

3) A model that allows one or more underlying assumptions to be varied through a 
process of random sampling from predetermined probability distributions to quantify a 
company’s exposure to the assumptions being changed – this type of model produces ranges 
of possible outcomes rather than discrete outcomes.  Source: Executive Summary, p. 5 

4) A model that uses variables that are selected randomly from probability distributions.  
Source: Scenarios paper, 11/19/99 update, p. 2 

5) A model that reflects the uncertainty in a company’s estimated cash flows by treating 
one or more components of the cash flows as random variables from specified probability 
distributions.  Source: Models paper, 9/30/99 update, p. 6 

Stochastic Modeling Approach – A modeling approach that uses values for each 
variable that are selected randomly from probability distributions.  Source: Had been in an 
earlier version of the Scenarios paper… 

Stochastic Model “Parameter” Scenario – A scenario that contains a description of 
the distributions used in the model.  Source: Scenarios paper, 11/19/99 update, p. 2 

Stochastic Model “Run” Scenario – An individual run of a parameterized stochastic 
model.  Source: Scenarios paper, 11/19/99 update, p. 2 

Strategy – 1) A planned response to observed results.  It involves actions within the 
control of management.  Source: Steve Morgan Glossary, p.2 

2) A strategy is a series of decisions made with the goal of achieving certain objectives.  
Source: Scenarios paper, 11/19/99 update, p. 1 

Stress Test Model – A static model which allows one or more underlying assumptions 
to be varied to quantify a company’s relative exposure to the assumptions being changed.  
Source: Executive Summary p.4 
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Stress Test Modeling Approach – An extension of the deterministic modeling 
approach in which more than one set of possible outcomes are calculated by manually 
varying one or more of the point estimates used as model inputs.  “Stress” means a range of 
discrete values are given to the variables in a model.  The effects on the financial results are 
determined for each set of values.  The stress comes from the impact the change in values of 
the variables has on the financials of the company.  Source: Steve Morgan Glossary, p.2 
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