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It aids in assessing risk exposures and is a decision tool for 

management. This thesis intends to emphasize the usefulness of 

dynamic financial analysis in the challenging environment Property and 

Casualty Insurers face today.   

The first chapter gives an overview of the operating environment of 

Property and Casualty insurance companies concerning risks and 

regulatory restrictions. It also summarizes accounting standards and 

reserving methods for Property and Casualty insurers. In the second 

chapter, the concept of asset liability management with duration and 

convexity matching is discussed and specifically applied to Property and 

Casualty insurance companies. The third chapter gives an introduction 

to the objectives and methodology of dynamic financial analysis. 



Moreover, it outlines the basic characteristics and features of dynamic 

financial models. Chapter four gives an impression of possible 

applications of dynamic financial analysis. In chapter five an actual 

dynamic financial analysis model is presented, concluded with a sample 
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      Abstract 

Dynamic financial analysis is a holistic approach for modeling 

Property and Casualty insurers’ investment and underwriting operations. It 

aids in assessing risk exposures and is a decision tool for management. This 

thesis intends to emphasize the usefulness of dynamic financial analysis in 

the challenging environment Property and Casualty Insurers face today.   

The first chapter gives an overview of the operating environment of 

Property and Casualty insurance companies concerning risks and regulatory 

restrictions. It also summarizes accounting standards and reserving 

methods for Property and Casualty insurers. In the second chapter, the 

concept of asset liability management with duration and convexity matching 

is discussed and specifically applied to Property and Casualty insurance 

companies. The third chapter gives an introduction to the objectives and 

methodology of dynamic financial analysis. Moreover, it outlines the basic 

characteristics and features of dynamic financial models. Chapter four gives 

an impression of possible applications of dynamic financial analysis. In 

chapter five an actual dynamic financial analysis model is presented, 

concluded with a sample run.    

 



1 

 

 
 

CHAPTER I 

INTRODUCTION 

 

 
Property and Casualty (P/C) insurance companies face increasing 

challenges and risks. They are confronted with competitive pressures 

and regulatory restrictions so that it has become ever more essential for 

them to analyze the risks inherent not only in their underwriting but also 

in their investment operations and most importantly their interaction. 

This thesis aims to illustrate the efforts P/C insurance companies as well 

as regulators have made to overcome this situation and create a more 

controlled and stable operating environment. The development of risk 

analysis and financial modeling techniques is outlined starting with the 

regulatory risk-based capital system and company internal asset liability 

management. The most current methodology is Dynamic Financial 

Analysis, an integrated approach to modeling all processes relevant to a 

Property/Casualty insurance company. With its aid effects of corporate 

strategies can be analyzed under various environmental conditions, 

inherent risks can be disclosed and mitigated, correlations and 

dependencies can be investigated and risk and return tradeoffs can be 
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examined in a sophisticated manner. Its final purpose is to serve 

management in the process of decision making. 

P/C insurance companies differ significantly from life insurance 

companies in their nature. Whereas life insurers are faced with benefit 

payments that are definite to a certain degree (e.g. nominal amounts are 

usually set in advance), the P/C insurer basically faces claims which are 

indefinite and uncertain. As a consequence, the primary risks for both 

types of company are not the same and profits are made in different 

ways.       

This first chapter is designed to convey a basic understanding of 

the operations within a P/C insurance company concerning accounting 

and reserving and its regulatory framework. Additionally, an outline of 

the general and specific risks that a P/C company is confronted with and 

a closer look onto the regulatory effort of solvency monitoring through 

the risk-based capital system are provided.  

 

1.1 Overview of Accounting for P/C Insurers 

Depending on the legal structure of the company and the intended 

use of its financial information, P/C insurers have to follow more than 

just one set of accounting rules. Accounting statements, determined for 

investors and the general business community, are realized in 

accordance with the generally accepted accounting principles (GAAP) and 
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required for all stock companies, which are publicly held. The regulatory 

Statutory Accounting is uniquely designed for insurance companies and 

mandatory for them. It will be introduced and explained in the following 

section. Yet another accounting format is used for tax statements.    

 

1.1.1 General Ideas of Statutory Accounting 

Insurance companies are required by state law to present their 

results in form of an Annual Statement, which shows their financial 

condition and operational results, to the regulators (Troxel and Bouchie, 

1990). This document contains a balance sheet, an income statement as 

part of an “underwriting and investment exhibit”, and various schedules 

to disclose information among other topics about assets (Schedule A to 

D), about reinsurance (Schedule F), and about reserving details and 

claims data according to major lines of business (Schedule P). A blank of 

this document can be found in the appendix of Troxel and Bouchie’s 

(1990) publication. This requirement holds for all states in which a 

company is licensed to do business. The rules for this type of accounting 

were developed with the objective of protecting the policyholders and 

stress the ideas of solvency, liquidity and fairness. In order to prevent 

insurance companies from insolvencies and thus create more stability in 

the economy and fulfill social goals, regulatory bodies have been 

instituted starting in 1851. Until today the development of regulation 



 
 

4 

rules and means carries on. The National Association of Insurance 

Commissioners (NAIC), which was founded in 1871, has since 

contributed to the development of uniform regulation among the states 

and developed the statutory accounting rules. The basic functions of 

regulatory bodies can be summarized as licensing and monitoring 

insurance companies to the degree that policy conditions and reserving 

as well as the fairness of pricing are supervised with the purpose of 

solvency assistance and costumer protection.  

The Statutory Accounting Principles (SAP) share some elements 

with GAAP, but their objectives differ (Troxel and Bouchie, 1990). GAAP 

focuses on matching revenues to expenses while SAP is more concerned 

about an insurer’s ability to pay future claims (Mooney and Cohen, 

1991). Statutory accounting is based on more conservative valuation 

rules, which is mostly due to its primary objective, the prevention of 

insolvencies in the insurance industry. The two key ideas to pursue this 

goal are: first the statement of policyholders’ surplus (equity) should be 

conservative and second sharp fluctuations in policyholders’ surplus 

should be avoided. These principles have an immediate impact on the 

valuation of assets, which are to be listed at a conservative value, and 

liabilities, which should be stated at a conservatively high value. 

Furthermore, the selection of assets is restricted to some degree, as 

certain types are considered non-admitted assets and not assigned any 
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value on the balance sheet. Among the non-admitted assets are relatively 

illiquid securities such as furniture, equipment, automobiles, and 

securities not allowed by statute such as overdue reinsurance and 

uncollected premiums over ninety days due. Further restrictions 

concerning investment in equity securities vary among the states, which 

aims at diversification of the asset portfolio and hence stabilizing the 

surplus. The usage of amortized cost for bond values, i.e. the principle 

that the price is gradually adjusted from purchase to par value, further 

stabilizes the policyholders’ surplus, as it ignores interest rate 

fluctuations. Other means of statutory accounting refer to the liabilities 

such as the requirement of minimum loss reserves for certain lines of 

business. For the purpose of inhibiting loss underestimations there exist 

statutory formulas that have to be applied in addition to the actual 

estimation method used, which will be introduced in a later section.   

  

1.1.2 Assets and Liabilities 

Among the admitted assets that appear on the asset side of the 

P/C insurance company’s balance sheet are bonds, stocks, mortgages 

and real estate.  

Bonds amount to usually more than half of all assets and thus 

constitute the largest asset category. They are to be shown at their 

amortized cost, if they are in “good standing“ meaning if they belong to 
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NAIC approved classes and are not in default. If this is not the case or if 

bonds have to be prematurely sold, they have to be accounted for with 

their market value assigned by the NAIC. This valuation under statutory 

accounting basically shields the value of bonds from fluctuations in 

interest rates. Consequently, the Annual Statement does not reflect the 

company’s exposure to this type of risk but emphasizes stability as far as 

bonds are concerned. Naturally the value of a bond is inversely related to 

changes in interest rates and the more exposed to this risk the longer its 

maturity and the lower the coupon payments.     

Stocks make up the next largest group among assets and are 

usually assessed at market value. Hence stock values reflect fluctuations 

of the market. This treatment contributes to the idea of solvency 

protection rather than the idea of stability as is the case with bond 

valuation. Distinguishing between the two asset categories in such a way 

is reasonable considering the significant difference in their risk 

potentials. Schedule D of the Annual Statement contains a listing of all 

bonds and stocks a P/C insurance company holds. As mentioned above, 

with laws varying from state to state the percentage invested in stocks 

may be restricted and especially the investment in affiliate stocks can be 

reduced by the regulation. Investment above these limits is seen as 

investment in non-admitted assets and therefore reduces the surplus.  
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Mortgage loans are only a small asset group for P/C insurers, 

because of their long term character and because the more liquid second 

mortgages are determined to be non-admitted assets (Troxel and 

Bouchie, 1990). Here too the amount invested may be limited depending 

on state regulation. They are generally valued at cost or purchase 

amount. In cases, where there is a difference between the paid 

consideration and the unpaid principal balance – the mortgage loan is 

bought at a premium or a discount – this difference has to be spread over 

the lifetime of the loan on an amortized cost basis. This method adjusts 

interest earned and negotiated interest at purchase and is precisely 

described in the NAIC annually published Valuation of Securities manual. 

Real estate may be owned by an insurance company as a form of 

investment or to provide business space. As it is a relatively illiquid 

asset, P/C insurers invest in it to a minor degree.  

The liability side of the balance sheet showing the claims against 

the company’s assets can generally be decomposed into three parts. 

Liabilities representing claims of losses or loss adjustment expenses (loss 

and loss adjustment expense (LAE) reserves), liabilities representing 

claims which extend into the future (unearned premium reserve) and 

surplus. The former part is by far the largest among the liabilities. 

As policyholders pay premiums for their insurance coverage in 

advance this money is not completely and immediately seen as income by 
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the company. Instead most of the collected premium is intended to pay 

for future losses and loss expenses such as adjusters’ fees and litigation 

costs and therefore reserved after deduction of all acquisition expenses in 

the unearned premium reserve. It then is earned on a pro rata basis over 

the lifetime of the policy and is available to set up loss reserves and LAE 

reserves. The latter two reserves thus represent the insurer’s liability for 

losses and their expenses which occurred before the statement date, 

whereas the unearned premium reserve is an expression for the losses 

yet to come between statement date and policy expiration date. The costs 

that occur in the process of selling the policy on the other hand are not 

spread until the policy expires. Unlike under GAAP, where expenses can 

be deferred, under statutory accounting these costs have to be 

subtracted immediately from the surplus in their full amount. 

In contrast to life insurance practices, loss and LAE reserves for a 

P/C insurer are only set up for insured events that have already 

occurred (Mooney and Cohen, 1991). Also, loss reserves are not 

discounted for most lines of business under both GAAP and statutory 

accounting, which is meant to have an extra cushioning influence for 

adverse developments. Exception to this rule is workers’ compensation 

because of its annuity type benefits. Loss and LAE reserves are necessary 

because of the delay between loss occurrence and loss payment. 

Depending on line of business and individual case the process of settling 
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a claim can take weeks to years and claims can even be reopened for 

additional payments. At the crucial date of balance sheet preparation 

there are several stages a loss may be in: 

• Incurred, reported, settled, not yet paid 

• Incurred, reported, unsettled 

• Incurred, but not yet reported (IBNR) 

First of all a loss may be perfectly settled, i.e. the payment amount 

is well known, but the payment has not yet been fully made. In this case 

loss reserve can be set up accurately. Then there are claims that are still 

in the adjustment process, the amounts of loss payment and of expenses 

are unclear, but have to be estimated for the loss and LAE reserves 

causing different levels of uncertainty depending on the line of business. 

Most property insurance like fire and marine is short-tailed, meaning 

that the time between occurrence and payment of the loss does not 

exceed more than several months. Among the longer-tailed lines of 

business are liability and workers compensation. In general, the longer-

tailed the line of business, the more uncertainty and inaccuracy will be 

involved when estimating the respective reserves. Another stage a loss 

could be in is prior to being reported. According to the above described 

principle the loss reserve is responsible for all losses incurring before the 

statement date regardless of when they are reported. Obviously the 

estimation of this reserve, also called incurred but not reported reserve 
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(IBNR), bears some problems and can be done on the basis of past 

experience of the insurance company. Reserving methods will be more 

thoroughly discussed in the next section. 

Other liabilities exist, denoting commissions owed to agents and 

brokers, taxes, due business expenses and withheld funds due to 

unauthorized reinsurance only to name a few, but these positions are 

comparatively small.  

Surplus or net worth is called “policyholders’ surplus” under 

statutory accounting and serves as initial capitalization and ongoing 

cushion against insolvency, similar to what is known as owners’ equity 

under GAAP. It is equal to the difference in admitted assets and 

liabilities. Whereas stock insurance companies are initially financed by 

issuing stock, mutual insurers rely on their original policyholders or an 

interested party to pay in a surplus. State insurance laws require fixed 

minimum values of initial and continuing surplus depending on the line 

of business. This will be further discussed in the section about risk-

based capital.   

 

1.2 Reserving Methodology in P/C Insurance 

Determining accurate loss reserves, i.e. present liabilities 

associated with future claim payments is a crucial task for the actuaries 

of a P/C insurance company. Understatement of reserves lets the 
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company’s financial situation appear better than in reality and in the 

long run endangers solvency because it overstates profits and might lead 

to premium reductions. Overstatement of loss reserves on the other hand 

might constrain competitiveness, as profits are understated and 

therefore premiums might be increased. Consequently, both 

unintentional under- and overstatement of loss reserves are undesirable 

situations and should be averted by the actuary.   

However, there is no uniform procedure for determining loss 

reserves in P/C insurance. Internally, the insurance company may 

generally use any estimate for loss reserves its actuaries consider best, 

but it must additionally provide the difference between its estimate and 

the regulatory required minimum amount in cases, where the 

requirement is higher than the estimate for the statutory accounting. The 

minimum requirement is prescribed by state statutes and based on the 

so called formula method, one of various general approaches of 

determining loss reserves. Four of the important ones as mentioned by 

Troxel and Bouchie (1990) as well as Mooney and Cohen (1991) are 

presented below. 

The formula or loss ratio method is fairly simple to apply but 

depends on good estimates for the loss ratios pertaining to the lines of 

business of the reserves in consideration. To obtain the estimated loss 

reserve first an assumption for the ratio of loss costs and loss 
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adjustment expenses to premiums has to be made which is then 

multiplied to the volume of earned premium and third the losses and loss 

adjustment expenses paid to date are subtracted, i.e.  

 Estimated loss reserve = 

         date)-to-paid (losses - premium) (earned ratio) loss (Expected ×  

Because of its inaccuracy due to the vagueness of the estimated loss 

ratio, this method is not commonly used. Exceptions are new lines of 

business and the statutory minimum requirement checking. The 

minimum loss reserves have to be calculated according to a formula 

given by the NAIC in Schedule P of the Annual Statement. 

 Another more fundamental method is the individual estimate or 

case-basis method. Case reserves serve as initial estimate and are 

established using the aggregate value of all individual claim file 

estimates. These estimates come from judgments of personnel such as 

home or field adjusters and thus are the more accurate the more definite 

the claims are which is more likely to be the case in the short-tailed 

property lines. Nevertheless, there is need for additional e.g. bulk 

reserves to correct for errors or bias and to include not yet reported 

claims. This method is also relied upon in lines with few claims when 

averages fail to yield representative claim statistics. 

 The average value method is founded on categorizing claims and 

establishing average values for each category based on knowledge of past 
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claim settlements. Afterwards the number of claims and the estimated 

number of not yet reported claims in each category are multiplied to the 

corresponding average to get the reserve estimate. This method is 

particularly useful in short-tailed lines of business, when claims are 

numerous and there is little variation among loss amounts. 

 Applicable only for lines of business, whose benefits depend on 

contingencies, is the tabular value method. Depending on the state the 

insurance company operates in, tables used for establishing reserves 

according to this approach might be compulsory.  

 The above discussed methods basically state the loss reserve as an 

ultimate total, not addressing amount and timing of the actual liability 

cash flows, which may not be paid in a lump sum, but with interim 

payments during the settlement process. Thus loss reserves are only the 

starting point for an analysis of the economic liability of a P/C insurer by 

studying loss development patterns (Babbel and Klock, 1994). Loss 

development is analyzed using past claims data about the initial reserve 

estimates and the yearly revisions up to the final settlement date for 

claims from consecutive accident years in a certain line of business. Loss 

development factors are then assigned as a ratio to the transitions of the 

annual reserve estimates between development years and averaged over 

the different claim age-groups. On the one hand this methodology 

produces a way to predict ultimate incurred losses starting with the 
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initial loss estimate and accumulating to the ultimate value by 

multiplication with the according loss development factors, on the other 

hand the factors themselves provide an expression of the development 

pattern. In pursuit of the original goal of converting the lump sum loss 

estimates to cash flows, one must additionally use data of payout patters 

and develop average payout rates as for instance provided by periodic 

studies of the A.M. Best Company.  

 Methods which utilize loss development patterns are frequently 

used in the actuarial work of loss reserving. Important among these 

techniques is the chain ladder method, which relies on stable loss 

payment patterns. Additionally, modified expected loss ratio methods, 

combining ideas of loss development and the loss ratio method, are 

common such as the Bornhuetter-Ferguson and Stanard-Bühlmann 

techniques. The following paragraphs give an overview about these three 

methods as discussed in greater detail by Feldblum (2002).  

For all three techniques loss payout data is used to determine 

payout patterns in terms of loss development factors in a similar way as 

described above. Issues here are the way of averaging between the 

accident years, because several ways of weighting are conceivable, the 

elimination of outliers and the incorporation of inflation and other 

adjustments. To determine the loss reserve with the chain ladder method 

the accident years of claims have to be known so that initial loss 
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payments can be accumulated with the appropriate loss development 

factors (Brown, 1993): 

Estimated ultimate loss = (cumulative losses paid to date) ultf× , 

where Õ= jult ff with jf  being the loss development factor from year j-1 

to year j. Problems with using loss development factors arise, when the 

current and future loss payment practices differ from past practices 

which are underlying the development factors.  

 The Bornhuetter-Ferguson method combines the ideas of finding 

the expected ultimate loss via applying an assumed loss ratio to earned 

premiums and of integrating the loss payout pattern via employing loss 

development factors (Brown, 1993). The method is based on the following 

idea: 

      ),
ultf
1-(1 * loss ultimate estimated  reserve loss Estimated =    

above. as defined is  where ultf  

Contrasting these two techniques it is worth remarking that the 

chain ladder method is more focused on cumulatively paid losses, 

whereas Bornhuetter-Ferguson relies on estimated ultimate losses. Thus 

unusually high or low fluctuations of cumulative losses are reflected in 

the former method while there are completely disregarded by the latter 

method. To alleviate these effects, for mature losses the chain ladder 
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method may be favored and for immature losses with higher variability 

Bornhuetter-Ferguson might be the method of choice. 

The Stanard-Bühlmann method is fairly similar to Bornhuetter-

Ferguson, but does not depend on a loss ratio estimate and uses 

observed data instead (Feldblum, 2002). It is most useful for reinsurance 

actuaries who lack the original premium data to compute the estimated 

ultimate losses in the Bornhuetter-Ferguson fashion. It employs the 

product of loss development factors in the loss lag: 
ultf
1 , which is the 

complement of the factor in the Bornhuetter-Ferguson formula.  

The main idea is here that for any year: 

,unreported percentage expected ratio loss expected  premium adjusted        
  reserve lossbulk 

××
=

 

where the premium is adjusted for adequacy and the expected loss ratio 

is unknown but equal throughout the years. Summation over all years in 

consideration yields a linear equation in which both the reserve and the 

expected loss ratio are unknown. Using the relationship that the sum of 

total reported losses and total bulk reserve should equal the total 

expected losses, the system of linear equations can be solved. For details 

and examples refer to Feldblum (2002). 

 The illustrated methods are just a choice among a multitude of 

techniques. Since 2001 the statutory accounting principles require that 
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the insurance company’s management also provide best estimates of 

their loss reserves along with a variability analysis. This all calls for in 

depth analysis as can be performed by dynamic financial analysis 

models. 

 

1.3 Risks for P/C Insurers 

  The first step in analyzing and evaluating risks is identifying and 

defining them. In this section the general and specific risks for a P/C 

insurance company are characterized according to the suggestion by the 

Dynamic Financial Analysis Committee of the Casualty Actuarial Society 

(DFA Committee of the Casualty Actuarial Society, 1999).  

 

1.3.1 Asset Risk 

Asset risk is generally understood as the uncertainty, whether the 

amount and timing of cash flows originating from assets will meet the 

expectations or not due to any cause apart from changes in interest rate. 

Critical elements are default rates, liquidity issues and equity values.  

The regulators aim to limit these uncertainties by discouraging 

investment in risky assets e.g. by the non-admitted status or by 

restricting the permissible percentage of investment as outlined above. 

But this is no substitute for proper internal risk management specifically 

designed for each insurance company’s risk profile. 
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1.3.2 Liability Risk 

Liability risk comprises the uncertainty about timing and amount 

of cash flows associated with liabilities for reasons other than interest 

rate change. It emerges from the underwriting and loss adjustment 

operations of the company and can be classified into the following parts:  

• Reserve risk 

• Premium risk 

• Loss projection risk 

• Catastrophe risk 

• Reinsurance risk 

• Expense risk 

Reserve risk is the uncertainty about sufficiency of estimated 

reserves for reasons different from changes in interest rates. This might 

emanate among others from factors as inflation of claim costs (not 

induced by interest rate changes), changes in the legal environment, 

randomness of the claim process and incentives on a corporate level, 

which have an impact on claim payments or the case reserve estimate. 

Again regulation is involved and aims to attenuate this risk by 

demanding minimum reserves, which of course is not sufficient to 

eliminate reserve risk altogether. This is why P/C companies seek to 

develop ever more elaborate ways of analyzing this risk. 
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Premium risk is the uncertainty whether the current pricing level 

will be sufficient to pay for all occurring losses. Crucial aspects are 

competitive pressures, which may take away important clients, 

regulatory constraints, which might force premiums to be different from 

the desired amounts or force the company to do involuntary business, 

and agents’ fees that differ from assumptions. The main purpose of 

regulatory interference regarding premium charges is customer 

protection. For the insurer this implies that there might be unfavorable 

circumstances in which price changes perceived as necessary cannot be 

realized. 

 Closely related to reserve risk, loss projection risk is the 

uncertainty regarding assumptions about future loss costs and loss 

adjustment expenses. Causes for inaccurate assumptions may be 

unexpected changes in loss costs from a historical point of view, effects 

of adverse selection or changes in adjustment practices.  

Catastrophe risk is the uncertainty about costs of natural disasters 

and therefore part of the loss projection risk. It is based on the 

uncertainty about the frequency and severity of catastrophic events and 

the danger of concentration of insured values. Impacts of catastrophes 

are an important modeling problem and need to be carefully examined. 

Maintaining a minimum capital can serve as cushion against these 



 
 

20 

adverse scenarios, which is an argument for the regulatory risk-based 

capital system discussed in the next section.  

The uncertainty about the cost and availability of reinsurance and 

the associated risk of default are referred to as reinsurance risk. While 

analyzing the aforementioned liability risks it is vital for the P/C insurer 

to consider the accompanying reinsurance risks implied by the specific 

assumptions. 

Expense risk is the combined uncertainty about taxes and 

expenses other than loss adjustment expenses. Critical items are 

commissions to agents, marginal expenses of new business, policyholder 

dividends and income taxes.  

 

1.3.3 Interest Rate Risk 

The uncertainty about amount and timing of cash flows from 

assets or liabilities due to changes in interest rates is commonly called 

interest rate risk.  

Changing interest rates have an impact on both cash in- and 

outflows. Naturally, the focus of modeling this risk is on the most 

important cash flows, which on the asset side emanate from bonds and 

on the liability side from loss payments and loss adjustment expenses 

and collected premiums for a P/C insurer. Although the liabilities appear 
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undiscounted in the statements and few values are marked to market, 

this does not mean that they are immune to interest rate changes. 

In connection with effects of interest rate risk, one needs to 

distinguish between the exact sources of the risk. Relevant in this 

context are not only level and shape of the term structure of interest 

rates, but also the movement or volatility of interest rates (Fabozzi, 

1998). Commonly used in actuarial risk management is the technique of 

measuring the sensitivity to changes in the level of interest rates via 

duration, i.e. the negative percentage of change of the security’s price for 

a given percentage change in the interest rate or the weighted average 

time to maturity of the security. This technique is discussed in terms of 

asset liability management in the next chapter.  

To evaluate the interest rate risk for its assets a P/C insurer is 

especially interested in effects on bonds. Most bonds have fixed cash 

flows as opposed to interest sensitive cash flows like most loss payments. 

When interest rates go up bond values are low first and approaching time 

to maturity will rise, whereas at times of decreasing interest rates their 

values will be high at first and not rise too much approaching the 

maturity date. These are the effects of disinvestment risk, the 

uncertainty of sufficiency of funds and therefore danger of premature 

disinvestment, and reinvestment risk, the uncertainty about available 

rates to reinvest after maturity.  
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Considering a P/C insurer’s liabilities it can be generalized that 

interest rate risk has a greater impact on longer-tailed lines of business. 

This is explained by the concept of average time to maturity, according to 

which the exposure to interest rate changes is the greater the longer the 

lag of time from initial loss estimate to final claim settlement is and the 

smaller interim payments are. Nevertheless interest rate exposure of 

liabilities is less of an issue for P/C insurers than for life insurers 

because of the nature of their claims regarding their maturities. Fixed 

liabilities cause a negative impact in times of decreasing interest rates, 

while interest sensitive liabilities may alleviate this effect given they move 

along the same direction. The degree to which the loss payments are 

interest sensitive varies by line of business and therefore asks for 

extensive modeling.   

 

1.3.4 Mismanagement Risk 

The uncertainty about incorrect or fraudulent actions of 

management can be identified as mismanagement risk. In the context of 

this thesis this type of risk will not be object of analysis.  

 

1.4 Risk-Based Capital  

The risk-based capital system continuously evolves and 

experiences modifications and add-ons. This thesis will outline the 
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original version as developed by actuaries and regulators, and adopted 

by the NAIC in 1994, loosely following the discussion of Feldblum (1996). 

 

1.4.1 Overview of Risk-Based Capital Requirements 

All P/C insurance companies have to meet minimum requirements 

concerning capital and surplus. State insurance statutes prescribe 

minimum fixed amounts, but these values are completely independent of 

the insurer’s size or risk profile and therefore may have little significance. 

Triggered by an increasing number of insolvencies, the risk-based capital 

(RBC) system for P/C insurers was instituted in 1994 and is designed to 

be adaptable to the company’s individual risk profile. With this system 

the NAIC intends to upgrade its solvency assistance and control and to 

extend it beyond only requiring a fixed minimum capitalization. Every 

P/C insurer is expected to meet both requirements. The RBC system 

provides a formula by means of which the required minimum capital can 

be calculated based on the company’s mix of assets, liabilities, and risk. 

It also provides a list of measures, the so called four “action levels”, for 

regulatory intervention in the event of violation of the RBC requirement.  

 

1.4.2 The RBC Formula 

The RBC formula for P/C insurers was developed from its life 

insurance counterpart and in its first development stages distinguished 
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between four major risk categories: asset risk, underwriting risk, interest 

rate risk and other risks (Feldblum, 1996). These categories, initially 

similar to the ones described in the section above, were further broken 

down and modified to match the P/C application in the version that was 

adopted. Within each category the formula defines risk charges, which 

have to be multiplied to the respective statement values. Furthermore 

these values are adjusted for covariance between the major risk groups 

to obtain the final RBC requirement. The last step is determining the 

RBC ratio, i.e. adjusted surplus over risk-based capital requirement, 

which is used as triggering value for the action levels discussed below. 

The risk categories are: 

• R0 – Investment in insurance affiliates 

• R1 – Fixed income securities (cash, bonds, mortgages)  

• R2 – Equity investment (common and preferred stock, real 

estate) 

• R3 – Credit risk  

• R4 – Reserving risk  

• R5 – Written premium risk 

There are crucial differences between life and P/C insurers 

especially in regard to asset risk, which is represented by the categories 

R0, R1 and R2. Most life insurance business is a combination between 

insurance protection and long term investment, whereas P/C insurance 
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mainly focuses on protection only. This implies that life insurers generate 

their profits more from investment returns, P/C insurers more from the 

underwriting business. Thus asset risk is generally a more important 

issue for life insurers, which reflects in the assigned risk charges. E.g. 

investment grade bonds are valued with the same factors for both life 

and P/C insurers, below investment grade bonds on the other hand 

receive a higher risk mark when evaluated for life insurers. Also the 

common stock (unaffiliated) charge for P/C insurers is half the life 

insurance’s charge. A chart of NAIC risk charges for P/C insurers for the 

most important assets is presented in Table 1: 
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Table 1: NAIC RBC Charges 
 
Security Rating RBC Category Charge *
Fixed Income US Treasury US Treasury 0.0%
Fixed Income AAA, AA, A Class 1 0.3%
Fixed Income BBB Class 2 1.0%
Fixed Income BB Class 3 2.0%
Fixed Income B Class 4 4.5%
Fixed Income CCC, CC, C Class 5 10.0%
Fixed Income CI, D (Default)  Class 6 30.0%
Preferred Stock Class 1 2.3%
Preferred Stock Class 2 3.0%
Preferred Stock Class 3 4.0%
Preferred Stock Class 4 6.5%
Preferred Stock Class 5 12.0%
Preferred Stock Class 6 30.0%
Common Stock Common Stock 15.0%
Real Estate Real Estate 10.0%
Cash 0.3%
* charges as percentage of market value  

(Source: Feldblum, 1996) 

 

 

To provide a better reflection of diversification effects in bond portfolios, 

the original version of the RBC incorporates a bond size adjustment 

factor which is the lower the more issuers are involved in the company’s 

bond portfolio. It is applied to the bond charge determined by the charges 

listed above. As further motivation for diversification an asset 

concentration factor is given, which doubles the risk charges for the ten 
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largest single investments, excluding certain types like Treasury 

securities and class 1 bonds. 

 The evaluation of R0 charges encompasses determining charges for 

affiliate investments, for which the reader is referred to the NAIC 

instructions, pp. 28-29, and charges of 1% for off balance sheet risks like 

non-controlled assets, guarantees for affiliates and contingent liabilities, 

NAIC instructions, p.14. 

 The charges for categories R0 through R2 outlined above are mainly 

intended to reflect the inherent default risks. No special consideration for 

interest rate risk in contained in the first adopted version of RBC. 

 The R3 credit risk category mainly corresponds to uncertainties 

regarding reinsurance, focusing on the default risk of the involved 

reinsurance companies. The original version arranges for a 10% charge 

for recoverable reinsurance on losses, not distinguishing between 

qualities of reinsurance companies, making risk reduction through this 

method fairly costly from the RBC point of view. Another 5% charge is 

considered for credit risk originating from other receivables. 

   Underwriting operations are the most important source of risk for 

P/C insurers, which is mirrored by high charges in the R4 and R5 

categories of the RBC system. Whereas R4 deals with risk involved in 

past business, R5 is concerned with the uncertainties of future business. 

Both charges are determined separately for each line of business, which 
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are defined in compliance with the Schedule P classification, to reflect 

the different levels of risk inherent to different business lines. Large scale 

calculations have been made by the NAIC to arrive at the appropriate 

risk charges: 

For R4 data about past loss reserve development was taken from 

numerous P/C insurance companies for all fifteen lines of business and 

for a time period of nine years. With this data adverse loss development 

ratios, i.e. development of reserve estimate over initial reserve estimate, 

were set up for each line of business with averages over all companies. 

Thereupon the worst case with the highest reserve deviation was selected 

from the nine years for each business line. The next step is to apply this 

worst case factor to the discounted loss reserves of the company for the 

specific line of business to obtain a charge percentage. The idea behind 

the discounting, for which the NAIC prescribes a rate of 5% and 

procedures following the Internal Revenue Service (IRS) model, is that the 

undiscounted statutory reserve position implies a cushion, which would 

be double counted in the RBC charge without discounting. In addition to 

this industry wide data, the individual company’s risk profile has an 

impact on its RBC reserve charge. The company’s individual average loss 

development over the past nine year period is calculated and compared 

to the corresponding industry average. Their ratio is used to decrease or 

increase the industry worst case factor and adjust it to a company 
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specific factor. Then the average of these two factors is taken and applied 

to the discounted loss reserve for the concerned line of business. 

The last category R5 is deals with written premium risk, i.e. the 

danger of unprofitable business to be written in the future. The method 

of deriving the risk charges is based on data about industry loss and loss 

adjustment expense ratios similarly to the approach described for the R4 

category. A time horizon of one year is chosen and data about the most 

recent year is used to approximate the business within that year. Again 

individual company adjustment completes industry worst case factors to 

derive the premium risk charges.   

The RBC system does not contain any charges for the business 

already written, but not yet earned. The reasoning behind this is that the 

unearned premium reserve has to be kept gross of all expenses, which is 

considered cushion enough by the NAIC. 

After determining the risk charge value in each risk category, 

another adjustment has to be made: Half of the R3 charge is to be 

transferred to the R4 charge, which contributes to the great importance 

of reserving risk for the P/C insurer. To determine the final capital 

requirement the square root rule is applied: 
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There are no covariance terms involved, because the correlation between 

most risk categories is assumed to be negligible. The R3 and R4 risks are 
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an exception to this, but their correlation is already accounted for by the 

prior adjustment. Consequently, this formula method tends to 

underestimate capital requirements in times when the correlation 

between risk categories is stronger than assumed. The reasoning for 

leaving the R0 charge outside the root is that the capital requirement 

should be unchanged by the organizational structure of the insurance 

company, i.e. moving capital from non-affiliate investment to affiliate 

investment should not decrease the capital requirement. 

 The RBC formula bears the downside effect of giving incentives to 

report inadequate reserves (Feldblum, 1996). This problem arises 

because of the comparatively high reserve risk charge that discourages 

strong reserves and lets risk-based capital ratios look weak.  

 

1.4.3 Action Levels 

The Authorized Control Level (ACL) is defined as half of the RBC 

requirement. Based on the ratio of adjusted capital, defined as statutory 

surplus with tabular discounts but with non-tabular discounts removed, 

to the ACL benchmark there are five levels of action:  

• No action (ratio above 200%) 

• Company action level (ratio of 150% to 200%) 

No state regulatory action is required, but the company is obliged 

to file a plan to the state insurance commissioner in which the 
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financial condition of the company is analyzed and corrective 

improvement measures are suggested. The report also needs to 

contain projections of the financial condition with and without the 

corrective measures. If the company does not follow this 

stipulation, the regulatory action level becomes effective. 

• Regulatory action level (ratio of 100% to 150%) 

In a similar manner as in case of the company action level, an 

action plan has to be composed by the company and sent to the 

state insurance commissioner. Additionally, the commissioner is 

granted the right to carry out any desired examination of the 

insurer’s operations and to give corrective orders.  

• Authorized control level (ratio of 70% to 100%) 

Beyond the actions of the above described action levels, the 

regulators may now take control of the insurance company. 

Although the insurer might actually still be solvent, this right is 

granted to the regulators automatically.  

• Mandatory control level (ratio below 70%) 

Under these circumstances the regulators are required to take 

control of the insurance company and rehabilitate or liquidate it. 
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CHAPTER II 

ASSET LIABILITY MANAGEMENT 

 

 

The following chapter provides an overview about the techniques 

generally employed in asset liability management (ALM) and about its 

specific application to Property/Casualty insurance companies. The 

overall goal of ALM is to protect the company’s assets from being 

insufficient to pay for the company’s liabilities due to changes in interest 

rates. ALM comprises methods of regularly managing the company’s 

surplus by means of balancing the risk characteristics of assets and 

liabilities. The fundamental question posed for P/C insurance companies 

in this context is how the market values of cash flows of securities, 

especially payment patterns of reserves, are influenced by changes in 

interest rates.  

 

2.1 General Methodology of Asset Liability Management 

Connecting the investment and the underwriting processes with 

each other has become an important issue for P/C insurance companies. 
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Originally, the two functions have been treated more or less separately, 

until the necessity to match certain characteristics of assets and 

liabilities to maintain a stable surplus under changing interest rates 

became evident. The characteristic most discussed is the price sensitivity 

to changes in interest rates and it is measured via duration, which will 

be explained in the following. 

 

2.1.1 The Concept of Duration and Convexity 

The sensitivity of a security to changing interest rates is the most 

important risk characteristic for ALM. It can be described by the 

security’s duration. However, there is no unique definition of duration, it 

can be perceived as the rate of change in price of the security if interest 

rates moved up or down or as the weighted average time to maturity. For 

fixed income securities such as bonds it can be formula defined, for 

securities whose cash flows are interest sensitive such as most liabilities 

of a P/C insurer it can be given as an empirically determined implied 

duration or an approximated effective duration. The inflation and thus 

interest rate sensitivity of a P/C insurer’s liability cash flows constitutes 

a major difference to life insurers. Life insurers have nominally fixed 

liabilities, which are not responsive to inflation but of a long term 

character and therefore exposed to interest rate risk (due to reserve 

discounting) to a higher extent than the comparatively short term 
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liabilities of a P/C insurer. The focus of interest rate risk for P/C 

liabilities rather lies in the effects of the relationship between interest 

rates and inflation. Because of these priorities life insurers were earlier to 

employ ALM techniques.  

The definition of modified duration in general is as follows see also 

(Gajek, Ostaszewski and Zwiesler, 2004): 
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where i is the market interest rate, )(iP  is the price of the security and 

iD is the percentage change in interest rate. Its interpretation as 

percentage change in price of the security per unit of interest rate can be 

seen from the approximation via difference quotient. The modified 

duration is a local approximation for the linearity between the security’s 

price and the interest rate around an arbitrary interest rate i0 and is 

taken from the first term of the Taylor expansion: 
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Another instrument used in asset management techniques is the 

convexity of a security. Whereas the duration refers to the first derivative 

with respect to interest rate, the modified convexity refers to the second 

derivative: 
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It is linked to the second term of the Taylor expansion and thus 

measures the degree of nonlinearity in the relationship of security price 

and interest rate. Using both modified duration and convexity terms from 

the Taylor expansion, a good approximation for changes in the security’s 

price for given changes in the interest rate can be made, refer to (Golub 

and Tilman, 2000): 
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2.1.2 The Concept of Duration and Convexity – Fixed Cash Flow 

Securities 

For financial assets with fixed cash flows, in the P/C context 

primarily non-callable bonds, the definition of modified duration (2.1) can 

be interpreted as follows see also (Gajek, Ostaszewski and Zwiesler, 

2004): 
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iP  is the price of the 

security with cash flows tA  at time t and iD is the percentage change in 

interest rate.  
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 Another version of duration is the Macaulay duration, which is the 

first formulated measure of interest rate sensitivity for fixed income 

securities and was developed by Frederick Macaulay (1938):   
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where )( tAPV is the present value of the security’s cash flow At at time t.  

This approach illustrates the duration’s interpretation as weighted 

average time to maturity, taking the fractions of present value of the 

respective cash flow over price of the security, i.e. the percentage of value 

contributed in the respective time period, as weights. Each weight 

corresponds to the proportion of the security’s price represented by the 

cash flow of that time period. Additionally, this approach explains that 

the modified duration for fixed income securities is a modified version of 

the Macaulay duration: 
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The modified convexity in the context of securities with deterministic 

cash flows can be expressed as follows: 
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2.1.3 The Concept of Duration and Convexity – Interest Sensitive Cash 

Flow Securities 

Determining the duration of a P/C insurance company’s liabilities 

has to be done in a different way. As noted above, many of the liabilities 

are not nominally fixed, but at least partially sensitive to changes in 

interest rates since they are sensitive to inflation, which is correlated 

with interest rate changes. This behavior of changing cash flows induced 

by changing interest rates is also displayed by elements of the asset 

portfolio such as callable bonds or mortgage backed securities, which are 

dependent on prepayment decisions by the borrower. 

The duration and convexity measures for financial assets with 

interest sensitive cash flows are generally estimated with approximations 

based on the Taylor series expansion called the effective duration or 

effective convexity. These terms reflect the sensitivity of the present 

values of the cash flows, the prices, to changes in interest rates: 
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The duration is derived from the first order term of the expansion 

averaging the approximations of )( iiP D+  and )( iiP D- . The expression for 

convexity stems from the same Taylor approximations, which are added 
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up to yield the formula for convexity.  

 Another concept is the implied or empirical duration, which is based 

on statistical modeling techniques. This method employs historic 

information contained in market prices and interest rates to estimate 

inherent interest rate risk. Specifically, regression analysis is used to 

establish a relationship between the change in interest rate as 

independent variable and the price change of the security as dependent 

variable. The empirical duration can then be characterized as the 

negative slope of the following regression model (Golub and Tilman, 

2000):   
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2.1.4 Asset Liability Managing Techniques 

The general method of ALM is to compose the investment and 

underwriting portfolios in such a way, that the duration of the surplus is 

equal to zero. This has the effect that the values of assets and liabilities 

move in exactly the same amount in the same direction when interest 

rate changes occur – they are duration matched. For this purpose, it is 

necessary to measure both the liabilities’ and the assets’ current 

durations, and then balance the asset quantities so that the liabilities’ 

duration is met. This procedure is called immunization via duration 
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matching or duration hedging and mitigates interest rate risk. The 

immunization effect is not universally true, instead there are limitations 

due to several assumptions:   

• Existence of only one market interest rate, implying a flat yield 

curve 

• Changes only of this one interest rate are considered, 

corresponding to parallel shifts of the flat yield curve 

Because of these assumptions the method of duration hedging only 

mitigates risk against parallel shifts in the yield curve and only for small 

shifts, because of the local confinement of the approximation of duration 

with only the first order term of the Taylor expansion. The convexity 

adjustment eliminates the latter deficiency, it cannot make up for the 

fact, that only parallel shifts are considered. Convexity hedging is the 

technique to both balance duration and convexity of the surplus to zero. 

Thus both first and second order terms of the Taylor approximation are 

considered as relevant, which is necessary when interest changes are 

large, because then 2)( iD does not allow for the second order term to be 

disregarded.  

Now a numerical example for modified duration and convexity 

hedging is appropriate. Let there be three different coupon bonds A, B, C 

with face values of 100 monetary units (MU), maturities of TA=10, TB=5 

and TC=3 years and annual coupons of 5, 6 and 7 MU respectively. At an 
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interest rate of 5% their prices are  100
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modified durations and convexities lead to the following results: 
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C(PB(.05))=23.4440 and C(PC(.05))=9.9829. Under the assumption, that 

the quantity of bond B is fixed to unity, the following two equations have 

to be satisfied, to find quantities qa and qc to invest in the respective 

bonds and therefore make the portfolio both modified duration and 

convexity hedged:  
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In this example the solutions are qa= -0.1634 and qc= -1.1207. This 

means the portfolio is hedged, when per unit of bond B held, .1634 units 

of bond A and 1.207 units of C are shorted. 

Most importantly the whole concept of duration matching only 

works for correct approximations of the financial asset’s duration. Even 

small mismatches do not have the desired balancing effect on the 

surplus and therefore are not efficient in immunizing against interest 

rate changes. The risk of misestimating the duration is especially 
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prominent, if the asset’s cash flows are not fixed, but variable with 

interest rate fluctuation and inflation as it is the case for the liabilities of 

a P/C insurer. The following section will provide an approach to more 

accurately determine the duration of a P/C insurance company’s 

liabilities.      

 

2.2 Asset Liability Management for P/C Insurers 

Although ALM is very common among other financial institutions 

such as banks and life insurance companies, rather little has been done 

to adjust this methodology to the needs of a P/C insurer, whose special 

feature is the inflation sensitivity of liabilities. The focus of ALM is on 

interest rate risk, which is not perceived as significant as catastrophe 

risk for a P/C insurer. An impairing condition is also, that balance sheet 

positions scarcely reflect interest rate fluctuations because of the 

conservative statutory valuation rules, which do not involve discounting 

or booking to market. Nevertheless, interest rate fluctuations have a 

substantial influence on asset and liability portfolios on an economic 

basis and thus a properly specified ALM system can contribute to 

stabilizing the P/C insurer’s surplus. Of crucial importance for the 

specification is the modeling of the true interest rate effects on the P/C 

insurer’s loss payments. This proves to be a complex task, as the 
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correlation between interest rates and inflation is imperfect and obscured 

by lags.  

 In the following sections first the properties of the various liability 

cash flows will be described in the context of their inflation and interest 

sensitivity, and second two inflation adapted mathematical models for 

the effective duration of liability cash flows will be introduced (D’Arcy and 

Gorvett, 2000). 

 

2.2.1 Characterization of Liability Cash Flows 

As outlined in chapter I, the major components of a P/C insurance 

company’s liabilities are the loss reserve, LAE reserve and unearned 

premium reserve. The cash flows of all of them are influenced by changes 

in interest rates and inflation and thus their durations can be estimated 

using the approach of effective duration.  

In order to make statements about the interest and inflation 

sensitivity of the loss reserve, differentiation between loss cases is 

necessary. The degree of sensitivity varies also with the loss payout 

pattern for the business lines in consideration. Little interest sensitivity 

is present for all losses, which are settled and close to payment. Here the 

nominal loss amount would not change with interest rates, and due to 

the relatively short time until payment also the present value would 

change only slightly. Cases, where a loss amount is namely agreed on, 
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but disputes continue and delay payments, are quite similar. Nominal 

values are fixed, but here the longer time frame allows for a more 

significant influence of interest rate changes on the present value of the 

loss. For IBNR type losses both nominal and economic value are subject 

to interest rate changes, as the nominal loss amount depends on 

inflation, which is correlated to interest rates, and the economic value 

changes with the discount rate. When the settlement process is in full 

swing, as at hand for the majority of claims, part of the loss amount is 

known and part is not. This implies that part of the loss only responds to 

interest rate changes on an economic level, whereas the other part is 

sensitive both on a nominal level, through inflation sensitivity, and an 

economic level.        

For the calculation of duration, the loss reserve is therefore divided 

into a fixed and an inflation sensitive part, which is hence interest 

sensitive (D’Arcy and Gorvett, 2000). Estimating inflation effects on the 

loss costs of the interest sensitive part involves varying degrees of 

challenge. Inflation indices are determined and applied to tangible losses, 

such as property damage, wage losses and medical expenses. In 

contrast, inflation effects on intangible losses from liability claims are 

harder to evaluate. Yet intangibles such as pain and suffering are 

believed to be influenced by inflation as well. Generally speaking, the 
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various lines of business have to be closely examined for their inflation 

sensitivities and the reserves must be partitioned accordingly.  

The LAE reserve can be divided in a similar way as the loss reserve, 

because expenses are assigned to the claims by accident year and paid 

out through the settlement process much alike the loss costs. The main 

difference is that loss expenses are fixed to a lesser degree, since a 

relatively large portion is frequently known and paid out only after the 

final settlement.  

The unearned premium reserve (UPR) is completely sensitive to 

inflation and so to interest rate changes, because none of the losses its 

money is reserved for has occurred yet. The loss payments will follow the 

same or a similar pattern as present losses paid from the loss reserves. 

Because annual policies are spread over the year, the mean loss is going 

to be paid from the unearned premium reserve after the first quarter.  

Before mathematical models to find appropriate effective durations 

of liability reserves will be introduced, a short example for duration 

hedging is given. Its purpose is to stress the significant difference 

between appropriate and inappropriate approximations of the durations 

of the liability reserves. Let L be the value of liabilities, and DL their 

duration. Similarly let A be the assets, and DA their duration. Then the 

duration DS of the surplus can be calculated as follows: 
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S
LDADD LA

S
×-×

= . It is equal to zero, when 
A
LDD LA ×= . Table 2 shows 

sample data of a workers compensation insurer: 

 

 

Table 2: Example of Asset Liability Management for a Hypothetical 

Workers Compensation Insurer 

Loss and LAE Reserves 590 4.271 3.158
UPR (portion for losses and LAE only) 30 3.621 1.325
Other Liabilities 90  0.952  0.952
Total Liabilities 710 3.823 2.801
Total Assets 1000 2.714 1.989

($ figures are in millions)
Dollar 
Value

 Modified 
Duration

Effective 
Duration

 

(Source: D’Arcy and Gorvett, 2000) 

 

 

The total duration values were established as volume weighted averages. 

To get the desired duration of assets the expression 
A
LDL ×  has to be 

evaluated. The use of modified duration results in 714.2
1000
710823.3 =×=AD  

whereas the more appropriate effective duration requires the asset 

duration to be 989.1
1000
710801.2 =×=AD . The modified duration matched 

portfolio would thus have the following duration (assuming that the 
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effective duration is the true duration): 501.2
7101000

710801.21000714.2
=

-
×-×

=SD . 

This mismatch causes, that each increase of interest rate by one percent 

decreases the surplus by 2.501 percent. 

This example also reflects that P/C insurers have relatively short 

duration liabilities in comparison to their life insurance counterparts. 

Duration matching techniques generally suggest investment in equally 

short duration assets like Treasury bills or commercial paper, i.e. short 

term unsecured promissory notes issued by corporations and foreign 

governments exempt from registration through the Securities and 

Exchange Commission (SEC). Since common stock prices feature a 

similar responsiveness to inflation as P/C liabilities, common stock is 

also suggested for investment (Feldblum, 1989). Investment in equities 

can effectively reduce the overall risk for a P/C insurer by reducing 

inflation risk (Panning, 1987). The downside of this investment is the 

addition of systematic market risk inherent to stock, that cannot be 

diversified away, to the portfolio. Duration evaluation models for equity 

will be discussed in the next section. 

 

2.2.2 Duration Models for P/C Liabilities  

Two models will be discussed, a simple and a more complex 

approach, both presented by D’Arcy and Gorvett (2000). The first model 
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is based on the assumption, that the liability cash flows in consideration 

are fully interest sensitive, so it cannot be applied in situations with 

partially fixed reserves as discussed above. Furthermore, the model 

assumes a reserve payout pattern in the form of proportional decay, i.e. 

every year the constant proportion c is paid out. Thus the formula for the 

reserve at time t  is 1)1( --= tt RcR . Let i  be the current interest rate. Then 

the present value of the cash flow emanating from the initial reserve, 

when the proportion c is paid out each year is: 
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The formula for effective duration (2.9) introduced in the last section 

gives the following result:  
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PV
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    (2.13) 

This term considers only the direct effects of interest rate changes on the 

value of the reserve through the discount rate. Neglected so far is the 

impact of inflation on the cash flows themselves. Because inflation and 

interest rate are correlated, changes in interest rates are assumed to 

occur along with or triggered by inflation. Supplements are made to take 

inflation into account. Let therefore +r  and -r be the inflationary 

adjustments made after interest changes in the according direction. Then 

the present value )(PV
0

iiR D+ is adjusted in the following manner: 
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The adjustment of )(PV
0

iiR D-  is done respectively and the values are 

then used to compute the effective duration according to (2.13): 
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 The second model involves a more thorough reflection of the loss 

reserve. The loss costs are divided into three parts: a fixed portion known 

at loss occurrence (or shortly afterwards), which is hence neither interest 

nor inflation sensitive, another portion, which is completely indefinite 

until final settlement and therefore fully sensitive, and the remainder, for 

which is unknown at which rate the costs become fixed. The model 

provides for linear, convex or concave development patterns for this rate. 

To express this concept in a formula, i.e. the amount f(t) of loss cost fixed 

at time t, the following variables are used: 

settlement final until time
tdevelopmenconvex  for , 1
tdevelopmen concave for , 1

remainder of tdevelopmen linear for parameter shape ,   1 
 

settlement until fixed not portion
loss of portion fixed 
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With the help of this formula (2.16) the fixed and the still inflation 

sensitive portions of each claim can be determined separately for each 

business line and accident year. To these numbers can then be applied 

the modified or the effective duration formulas respectively. 

This model requires further specification of numerous parameters. 

Apart from the above mentioned parameters and economic parameters, 

such as the interest rate, the correlation between interest rate and 

inflation and growth rates within the underwriting process, the loss 

payout pattern has to be defined. In their study, D’Arcy and Gorvett 

(2000) concentrate on two major lines of business, workers compensation 

(WC) and private passenger auto liability (PPAL). To determine payout 

patterns, they use aggregate industry data from A.M. Best. The data for 

the first ten years is presented in Table 3: 
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Table 3: Cumulative Proportion of Ultimate Accident Year Losses Paid  

PPA Liability Workers Compensation
Age (Years) Empirical Empirical

1 .386 .225
2 .701 .486
3 .843 .635
4 .919 .727
5 .958 .785
6 .977 .822
7 .986 .847
8 .991 .867
9 .994 .880

10 .995 .891  

(Source: D’Arcy and Gorvett, 2000) 

 

 

A significant difference between the two lines is the comparatively slower 

payout in WC insurance, which is the longer tailed business line of the 

two. The PPAL data was extrapolated to 15 years and WC data to 30 

years. The task of determining the proportions of fixed and variable costs 

does not turn out to be easy, because of a lack of available data. To 

constitute a base case, an interest rate of 5%, 40% correlation of inflation 

and interest rate, k=15%, m=10% and n=1 were chosen. Table 4 contains 

the computed values of Macaulay, modified and effective duration for the 

base case plus additional results derived from one at a time variations in 

k, m, growth rate g and inflation and interest rate correlation: 
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Table 4: Analysis of the Sensitivity of Effective Duration Measures of 

Loss Reserves 

PPAL Empirical  WC Empirical
Macaulay Duration 1.516 4.485
Modified Duration 1.444 4.271
Effective Duration
Base Case 1.089 3.158
Inflation-Interest Relationship:

80%  0.733 2.036
60%  0.911 2.596
40% 1.089 3.158
20% 1.267 3.721
0% 1.445 4.286

         k=                     0.25 1.128 3.284
0.20 1.108 3.221
0.15 1.089 3.158
0.10 1.069 3.095
0.05 1.049 3.032

        m=                    0.20 1.067 3.104
0.15 1.078 3.131
0.10 1.089 3.158
0.05 1.099 3.185
0.00 1.110 3.212

n=                     1.40 1.045 3.040
1.20 1.065 3.092
1.00 1.089 3.158
0.80 1.120 3.245
0.60 1.160 3.362

g=                     0.20 1.070 2.849
0.15 1.079 2.985
0.10 1.089 3.158
0.05 1.101 3.367
0.00 1.116 3.589  

(Source: D’Arcy and Gorvett, 2000) 
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It is evident, that effective durations are consistently less than Macaulay 

and modified durations, which implies that accounting for inflation 

sensitivity truly makes a difference for a P/C insurer. Another important 

result is, that effective duration values are most sensitive to the 

assumption of interest rate and inflation correlation, since in this case 

the variation of outcomes is greater than for the other parameters. For 

the assumption of no correlation, modified and effective duration 

coincide as expected and for very high correlation assumptions the 

effective duration becomes extremely short. Therefore it can be concluded 

from the table, that an appropriate determination of the correlation 

parameter is more important than the exact specification of the cost 

determination factors k, m and n. For more detailed findings refer to 

D’Arcy and Gorvett (2000).   

 

2.2.3 Duration Models for Equity 

Both interest and inflation rate changes have an impact on stock 

prices. In the long run, the issuing company will adapt to rising interest 

and inflation rates such that its stock does not decline in value. But the 

short term consequences are different. On the one hand costs increase 

and demand may not, which causes common stock values to decline, on 
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the other hand demand for long term bonds increases in times of high 

interest rates, which decreases demand for stock and therefore its value 

(Feldblum, 1989). Thus the correlation of stock value to inflation is first 

slightly negative and turns positive after a lag.  

Past efforts to compute the duration of stock such as the dividend 

discount method were based on the expected dividend cash flow, which in 

turn depends on the currently measured dividend growth rate (Feldblum 

1989). Present value of dividend cash flow calculation (2.17) and 

duration computation using modified duration (2.18) are shown in the 

following formulas:  

   (2.17) 

,   (2.18) 

where  stands for the current dividend, is the annual dividend growth 

rate and i is the discount rate. This duration is unduly long, especially 

for small differences between discount rate and assumed growth rate of 

dividends. A deficiency of the method is that changes in the growth rate 

induced by inflation are not accounted for at all. 

 Newer, more sophisticated models exist, namely the approach to 

determine the implied equity duration (Dechow, Sloan and Soliman, 
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2004). The proposed model is again based on the discounted expected 

cash flows emanating from the equity. It uses financial statement data to 

estimate these cash flows up to a finite time horizon T, beyond which the 

remaining value of the stock is distributed as a level perpetuity. The 

duration formula which is applied to these cash flows is derived from the 

Macaulay duration. The critical aspects of its extension to accommodate 

equity are the potentially infinite number of dividend payments and the 

uncertainty of their amounts and timing in contrast to the fixed cash 

flows of fixed income securities. The first problem is addressed by 

dividing the duration formula into two parts corresponding to the 

mentioned cash flow partition and the latter problem is considered in the 

estimation of the cash flows CFt up to the horizon T. Considering a 

terminal expression beyond a forecasting period is a standard approach, 

whereas the type of terminal expression – perpetuity of remaining value – 

is uncommon, but proved appropriate in empirical studies (Dechow, 

Sloan and Soliman, 2004). An expression for the equity’s duration is 

hence given by the value weighted durations of these two cash flows: 

,  (2.19) 

where  is the cash flow at time t ,  is the expected return on equity 

and P is the market capitalization (stock price times shares outstanding). 
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The formula (2.19) can be further simplified using the assumption that 

the perpetuity represents the remainder of value after the present value 

of cash flows before time T is subtracted from the market capitalization P 

and the fact that the formula for duration of such perpetuity equals 

: 

  (2.20) 

The model uses the following relation based on the accounting identity 

expression of cash distributions to forecast the cash flows: 

    (2.21) 

where Et stands for accounting earnings and BVt for book value of equity 

both at the end of period t. Return on equity (ROE) and growth in equity 

in turn have to be estimated, for which purpose the authors suggest 

first-order autoregressive processes. For any details and examples refer 

to Dechow, Sloan and Soliman (2004). 

 

2.3 Considerations 

Current ALM procedures have their limitations and deficiencies. 

Because the yield curve is upward sloping most of the time, insurance 
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companies which invest in short duration assets miss the higher yield 

margins of longer duration assets. This means that duration matching 

hedges against a speculative risk, which has ambiguous effects. P/C 

insurance companies use the cushioning effect of higher yields to 

mitigate catastrophe risk. Hence a risk and return tradeoff decision has 

to be made and the importance of interest rate risk and catastrophe risk 

have to be weighed against each other. 

Moreover, accommodations for non-parallel shifts in the yield curve 

have been asked for and are developed in models such as dynamic 

financial analysis models, which incorporate stochastic interest rate 

generators. These approaches will be discussed throughout the next 

chapters.  

Furthermore, it has been called for expanding ALM analyses 

beyond the focus of the correlation of interest rate risk with inflation to 

other economic variables such as stock prices (D’Arcy and Gorvett, 

2000).  
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CHAPTER III 

INTRODUCTION TO DYNAMIC FINANCIAL ANALYSIS 

 

 

This chapter should give an overview over the nature and the 

concepts of dynamic financial analysis (DFA) for P/C insurance 

companies, its development, its uses and potential applications and 

important features of its model design. DFA should be conceived as 

dynamic risk modeling and should be integrated into the P/C insurance 

company’s risk management. It is understood as stochastic simulation 

applied to the financial cash flows of a P/C insurance company 

(Kaufmann, Gadmer and Klett, 2001).  

 

3.1 Background Basics 

DFA is a comprehensive and newly developed type of analysis 

employed by P/C insurance companies to analyze the sensitivity of their 

operations to environmental uncertainties. It aids in recognizing the 

scope of various risk exposures and in evaluating different potential 

measures, which the company might employ to mitigate these exposures.    
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3.1.1 Motivation and Definition 

The motivation for the development of DFA was of practical nature, 

primarily because of the need for more elaborate and comprehensive 

solvency testing tools. Statutory accounting provides only an insufficient 

basis for solvency analysis and so do regulatory measures like the risk-

based capital requirement. The risk potential contained in underwriting 

operations as well as in investment operations was strived to be more 

thoroughly analyzed and most importantly in unison. In the past the two 

sides were analyzed separately. Underwriting risks were mitigated via 

reinsurance, whereas investment risks were alleviated via hedging 

methods. DFA is an integrated way of analyzing the investment and the 

underwriting operations of a P/C insurer and a method to explore their 

mutual risk balancing effects. Also diversification effects from business 

in different lines can be modeled and analyzed in the scope of DFA. 

Generally, DFA employs complex simulation models, with the help of 

which business strategies can be compared on a risk and return basis. It 

is a tool to aid management in its decisions about these strategies. The 

Casualty Actuarial Society (CAS) has so far been the driving force of the 

DFA development. It has created a committee on DFA, which defines DFA 

in the following way: DFA is a systematic approach to financial modeling 

in which financial results are projected under a variety of possible 
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scenarios, showing how outcomes might be affected by changing internal 

and/or external conditions.   

 

3.1.2 Potential Applications 

Generally, DFA is used to control the various risks a P/C insurer 

faces. For this purpose it is especially important to not only model both 

asset and liability risk, but also their interplay. If thus properly designed, 

a DFA model provides a good basis for comparisons of various business 

strategies. Among the aspects of these strategies that can be analyzed 

are the following: 

• Strategic asset allocation: allocation to investment classes, 

portfolio rebalancing 

• Capital allocation and adequacy: allocation to lines of 

business, level and structure of company capital 

• Market strategies: impact of new products and markets 

• Business mix: balancing volumes of business in different 

lines 

• Reinsurance: structuring per line of business and overall, 

distinguishing by contract types and parameters 

• Mergers and acquisitions: insight into resulting synergies 

Examples for many of these applications along with a description of the 

employed DFA models will be presented in Chapter IV. Whichever the 
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focus of the model might be, it operates under the general framework of 

maximizing shareholder value and maintaining customer value while 

remaining solvent. Within these boundaries it can be used to provide 

insight into the above mentioned topics. There is no universal DFA 

model, instead its design will depend on its main purpose and its 

audience.  

 

3.2 Model Development and Design 

There have been several stages in the development of modeling. 

First only deterministic models were well known, which employ one set of 

future assumptions at a time and may only distinguish between best and 

worst cases. More advanced are stochastic models, which associate 

probabilities to entire ranges of outcomes. DFA is based on such models 

with the additional feature of feedback loops which makes them dynamic 

models.  

DFA models incorporate external economic risk factors, termed 

scenarios, which are defined by the CAS as a set of economic, 

demographic, and operating assumptions on the basis of which projections 

are made. To these external factors belong interest rate volatility, 

inflation, restricting regulatory guidelines, claim frequency and severity, 

and catastrophes. Which of these factors, that represent different types 

of risk, are most important depends on the purpose and the beneficiaries 
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of the DFA model. The driving factors of the most important risks will be 

generated via stochastic simulation models in great detail, others will be 

deterministic values. Stochastic modeling of these factors involves 

parameterization of distributions. Usually a base case scenario is 

associated with the DFA model, which includes the standard or basic 

parameterizations, additionally alternative scenarios exist to test for 

robustness and sensitivity.  

Internal operational influences are expressed in terms of strategies 

in the DFA model. The CAS defines these as a series of management 

decisions that have the goal to achieve certain desirable objectives. Among 

these strategies are pricing, reserving, reinsurance, investment and the 

determination of growth targets. These strategic assumptions influence 

the impact of the scenario, whereas scenarios affect the outcome of a 

strategy. Additional company specific data from the underwriting and 

investment operations has to be entered to the model. Then the DFA 

model is run with various strategies both under the base case and 

alternative scenarios and thus produces output on the basis of which a 

risk and return tradeoff decision between the employed strategies can be 

made. Figure 1 shows this general concept of a DFA model: 
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Figure 1: General Concept of a DFA Model  

(Source: Kaufmann, Gadmer and Klett, 2001)  

 

 

The first step in creating a DFA model is thus to set up the 

scenario generator, second parameterize the underwriting operations (all 

the time considering interrelationships) and input company specific data, 

third identify potential strategies that are worth comparing and then 

determine the desired output format and risk and return measures that 

are going to be applied to the generated probability distribution of the 

surplus.  

These steps will be described in greater detail in the following 

subsections.   
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3.2.1 Scenario Generator 

Crucial for generating scenarios is identifying all important 

external risk sources and environmental variables, which affect the P/C 

insurer’s cash flows both from assets and liabilities. The next step is to 

decide which of these random variables are to be modeled stochastically 

and for which ones a deterministic approach suffices. Also, correlations 

between variables have to be considered to account for interdependencies 

of different risks.  

In practice this means, that the scenario generator of a DFA model 

usually incorporates separate models or modules for the different risk 

sources. Among the important random variables which can be modeled 

stochastically are interest rates and inflation, stock returns, catastrophic 

events, frequency and severity of non-catastrophe losses and loss 

payment patterns. Correlations should be assumed such as between 

interest rate and inflation.  

An overview about the relation of the main variables of the DFA 

model, and a suggestion concerning the way they can be modeled is 

presented in Figure 2: 
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Figure 2: Stochastic and Deterministic Modeling of Important 

Variables  

(Source: Kaufmann, Gadmer and Klett, 2001) 

 

 

The following subsections allow a closer look at the stochastic 

modeling of the main components of the DFA model. 

 

3.2.1.1 Interest Rate and Inflation 

Within a DFA model for a P/C insurance company the interest rate 

model is the main driver, because interest rates have a huge impact on 

the economic conditions and thus influence many other stochastic 

variables. Interest rates and underlying inflation not only influence asset 
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returns and the amount and timing of loss payments, but through 

discounting also the amount of premium estimated to be sufficient for 

each policy. The provision of insight in these matters justifies extensive 

modeling of interest rates. Nevertheless, the accuracy of the interest rate 

model should always be balanced with ease of use and also be 

approximately level with the accuracies of other important models. 

Numerous ways of modeling the fluctuations of interest rates are 

proposed in literature. There are one factor models, which only specify 

the evolution of the short rate and from this derive the whole yield curve 

and multifactor models, which explicitly consider the long term rates and 

thus give more realistic approximations of the yield curve. In DFA 

usually the former type of modeling is employed. However, these models 

hold the potential danger of understating interest rate fluctuations, 

because they do not reflect as wide an array of yield curve shifts as 

multifactor models do. The degree of importance of this understatement 

depends on the application of the model and is analyzed by Ahlgrim 

(2000). But the benefits of multifactor models often fail to outweigh these 

disadvantages, because they are slower and more complicated to 

implement, due to the fact, that each random factor is modeled with its 

own stochastic process. The following descriptions will therefore mostly 

focus on one factor models, for the discussion of two and three factor 

models refer to Venter (1997). 
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In general, one factor models are expressed as stochastic 

differential equations and obey the Markov property, i.e. the change of 

the short rate at each instant only depends on its current value and not 

on its past development. They are comprised of two components, the drift 

),( trµ , i.e. the average rate of change of the short rate r at each instant t, 

and the instantaneous volatility ),( trs of the short rate and make use of a 

normally distributed random increment (Fabozzi, 1998): 

)(),(),()( tdztrdttrtdr sµ +=   (3.1) 

Thus the change in short rate over the next instant equals its average 

change over an infinitesimal short time plus a volatility-adjusted random 

increment, which is usually expressed in terms of a standard Brownian 

motion or Wiener process, i.e. a time continuous stochastic process 

}{ 0| >tX t  with Markov property where each tX  is normally distributed 

with mean tµ and variances t2s  (Venter, 1997). The models developed by 

Vasicek (1977) and Cox, Ingersoll and Ross (1985) are popular among 

the one factor models based on a general equilibrium as opposed to 

arbitrage free models such as proposed by Hull and White (1990). The 

difference between the two bases is, that the latter one fits the initial 

term structure, whereas the former approach cannot exactly reproduce 

the current yield curve. The equation for the Vasicek model is as follows: 

 ttt dBdtrdr sqk +-= )( ,     (3.2) 



 67 

where tr  is the instantaneous short rate, k  is the coefficient of mean 

reversion of the short rate towards its long-run mean q   and s  is the 

instantaneous constant volatility of the short rate. tB  is a standard 

Wiener process. The mean reversion factor ensures that the random 

short rates show the tendency to return to their mean in the long run, 

the closer the factor is to zero, the weaker is this tendency. 

Disadvantages of this model are the assumed constant volatility, 

contradicting the observable sensitivity of volatility to the level of short 

rates, and the probability of occurrence of negative short rates. A model 

that overcomes these two deficiencies is the Cox, Ingersoll and Ross (CIR) 

model. Its setup is as follows: 

 tttt dBrdtrdr sqk +-= )(    (3.3) 

The improvement is here, that the model expresses the dependence of 

volatility on the instantaneous level of the short rate: when rates 

decrease, also the volatility decreases, which in turn decreases the 

probability of negative short rates (Ahlgrim, 2000). If a certain 

adjustment is made to the Vasicek model, it can be fitted to the current 

yield curve, which property is not shared by the models described above. 

The transformation involves making the mean reversion parameter time 

dependent and was proposed by White and Hull (1990): 

 ttt dBdtrtdr skq +-= ))((    (3.4) 
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White and Hull (1990) also considered a two-factor model, wherein the 

stochastically modeled instantaneous short rate rt reverts to an also 

stochastically modeled long term rate ut, using Wiener processes B1 and 

B2 respectively. Therefore two reversion coefficients a, b are used to 

express the reversion: 
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A more general framework for multifactor models is given by Heath, 

Jarrow and Morton (1992). 

Nevertheless, the CIR model seems to be the model most commonly 

used for the interest rate generator of a DFA model for P/C insurers 

today. It might be used in a generalized and discretized form: 

t
g
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+

--- +-+= ,  (3.6) 

where rt stands for the short term interest rate of year t, a is the mean 

reversion parameter, b is the long term mean, s represents the short rate 

volatility, g is a power factor (0.5 to yield the original CIR model) and Zt 

are independent and identically standard normally distributed random 

variables. The ‘+’ guarantees non-negativity of the short term rates. An 

explicit formula for the term structure at time t to horizon t+T, Rt,T exists 

for this model (Kaufmann, Gadmer and Klett, 2001): 
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where BT and AT are defined as follows: 
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and G stands for the following term: 

 22 2saG += .    (3.10) 

 To produce complete yield curves from short rate models in 

general, the model is parameterized with different values to yield higher 

short rates in future time periods, which are then put together with the 

originally estimated short rates to produce long term rates. For a detailed 

discussion of this matter refer to Venter (1997) and specifically for the 

CIR model refer to Kaufmann, Gadmer and Klett (2001). 

    Inflation can be modeled along with interest rates. If strong 

correlation between the two is assumed, the inflation rate ti  can be 

modeled as a function of the short rate tr  based on past experience. 

Kaufmann, Gadmer and Klett (2001) suggest a linear regression model 

with inflation depending on the annualized short rate: 

 t
I

t
II

t ri eba ++=     (3.11) 

where the error terms t
Ie  are independently and identically distributed 

and follow a standard normal distribution. The index I denotes, that 

model parameters belong to the estimation of the general overall 
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inflation. As presented in Chapter II within the context of ALM, losses are 

directly influenced by inflation to varying degrees. The focus in that 

chapter was on the stage of the loss at statement date as the determining 

factor of sensitivity. Actually more significant from a going concern point 

of view as desirable for DFA modeling is the line of business as the 

determining factor. Therefore the analysis of the impact of inflation 

should be done for each line of business separately. Further regression 

models can be used to determine changes in loss frequency F
td and 

severity S
td for each line of business depending on the inflation rate. 

 F
tt

FFF
t i ebad ++=    (3.12)   

 S
tt

SSS
t i ebad ++=     (3.13) 

where the error terms are again standard normal and i.i.d.. In order to 

develop a representation of loss trends, the two predictors F
td  and S

td  are 

maxed out at (-1) and their error terms are assumed to be independent of 

each other at all times to arrive at the following equation: 

 1)1)(1( -++= S
t

F
tt ddtrend) (loss   (3.14) 

This annual trend factor is then accumulated to give general figures over 

the projection time frame for each line of business (Kaufmann, Gadmer 

and Klett, 2001). 
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3.2.1.2 Stock Returns 

As P/C insurance companies hold a considerable amount of equity 

securities, the fluctuations of equity returns should be modeled within 

the framework of DFA. Many ways of addressing this matter are known. 

One approach is to model equity return independently from interest rate 

evolution, in form of a normally distributed random variable with market 

mean and standard deviation depending on investor expectation 

(Kirschner and Scheel, 1997). Another approach is based on the Capital 

Asset Pricing Model (CAPM) and therefore expresses equity returns 

depending on the projected interest rate development. According to the 

CAPM the expected return of stock can be described with the following 

equation: 

)( fmf RRRR -+= b    (3.15) 

where R denotes the expected equity return, Rf  is the risk free rate, Rm 

stands for the overall market return and b  expresses the systematic risk 

inherent to the specific stock and equals 
)(
),(

m

m

RVar
RRCov . For a practical 

modification of this approach see Kirschner and Scheel (1997) and for a 

way to derive the stock market return via linear regression from the 

projected short rate refer to Kaufmann, Gadmer and Klett (2001).  
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3.2.1.3 Catastrophic and Regular Losses 

Catastrophic and non-catastrophic losses can be modeled together 

or separately. A separate simulation is useful, because it relieves the 

non-catastrophic loss distribution from its heavy tail and thus causes a 

better fitted to appropriate distributions.  

Catastrophic losses are caused by events such as earthquakes, 

hurricanes and floods. Their occurrence can be described by numerous 

distributions, whose mean and variance are estimated based on historic 

data. Suggestions are negative binomial, binomial or Poisson 

distributions. The severity of each catastrophe is modeled separately and 

in its full economic amount using distributions such as lognormal, 

Pareto or generalized Pareto (Kaufmann, Gadmer and Klett, 2001). Here 

the above developed loss trend factor (3.14) can be integrated to account 

for inflation effects. Then a more specific simulation of the affected lines 

of business can be added, and with an assumption about the P/C 

insurance company’s market share, the complete volume of loss caused 

by catastrophic events can be estimated. Catastrophic losses can also be 

modeled on a geographic basis instead of a market share basis, when the 

insurer’s business is written rather locally.   

Essential within a DFA model is the simulation of non-catastrophic 

losses, because these regular losses constitute the major part of the cash 

outflows of the company and therefore determine whether the 
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underwriting operations are successful. The basic concept here is to 

project current loss ratios, i.e. estimated loss over earned premiums, 

separately for each line of business with further distinction between the 

“ages” of policies. This distinction is motivated by the observation, that 

renewal business consistently has lower loss ratios than new business, 

i.e. when the age of the policy increases, its loss ratio decreases and thus 

it becomes more profitable. Appropriate distributions for claim frequency 

and claim severity are chosen based on the fit of past data. When yearly 

losses are determined from these distributions again the above described 

loss trend factor (3.14) is applied to account for changing means over 

time due to inflation. For a detailed description of the procedure see 

Kaufmann, Gadmer and Klett (2001).   

 

3.2.1.4 Underwriting Cycle and Loss Payment Patterns 

Other factors which influence the P/C insurers operations and 

therefore may deserve stochastic modeling are the stage of the 

underwriting cycle and loss payment patterns.  

Studies have been conducted about the occurrence of cycles in the 

underwriting business of P/C insurers. They appear irregularly and do 

not only vary with line of business, but also with respect to the specific 

market and the country. Generally these cycles are an expression of the 

competitive situation, and hence have a severe impact on the pricing 
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strategy and premium levels. D’Arcy, Gorvett, Hettinger and Walling 

(1998) model this cycle by identifying four states: mature hard, mature 

soft, immature hard and immature soft. A hard market is characterized 

by its capacity for growth even under increasing rates. In a soft market 

condition, decreasing rates are necessary to create growth. Time lags in 

pricing, claim trends and fluctuation in interest rate and asset values are 

factors that can be assumed to trigger the transition from state to state 

(Kaufmann, Gadmer and Klett, 2001). For the DFA model a discrete, 

homogeneous Markov chain can be used to simulate transitions between 

cycle phases. This means, that a stochastic process }{ 0| ³tX t  with a 

finite state space, containing the phases of the underwriting cycle, is 

employed. The process obeys the Markov property  

{ } { }11111100 |Pr,...,,|Pr ---- ======= tttttt iXjXiXiXiXjX , 

and its transition probabilities, which are defined as the conditional 

probabilities { } ijtt piXjX === -1|Pr , are equal for each projection year (i, j, 

i0,…it-1 denote states from the state space).  

 Another aspect is, that payment patterns of losses should not be 

left deterministic. Although these patterns tend to not change 

significantly on an annual basis, they reflect reserving risk and the 

uncertainties about the process of loss settlement. For the purpose of 

stochastically modeling these patterns, first ultimate losses are estimated 

using loss development factors and extrapolation for previous accident 
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years, similarly to the chain-ladder procedure described in the context of 

loss reserving in Chapter I. For future accident years a lognormal 

distribution of loss development factors fitted to historic data can be 

assumed (Kaufmann, Gadmer and Klett, 2001). Because this approach 

would only produce acceptable results, if there is no change in the loss 

payment pattern, a more detailed procedure is suggested by Kaufmann, 

Gadmer and Klett (2001). Estimates for the outstanding loss payments 

are determined using an approach involving consideration of 

catastrophic and non-catastrophic losses as well as reinsurance impacts. 

In the course of this approach also the reserve can be estimated for each 

projection year, refer to Kaufmann, Gadmer and Klett (2001).   

 

3.2.2 Parameterization and Specific Input 

Determining the right parameter values or calibrating the economic 

scenario generator ranks behind determining which models to use within 

its framework. As alluded to before, calibration of these models can be 

done by fitting the model to historic data, but only as long as there are 

no structural changes to be expected. Unfortunately, this condition is 

seldom fulfilled. Elaborate approaches to the topic of parameterization 

are discussed by Berger and Madsen (1999) and Mulvey, Morin and 

Pauling (1999). For relatively simple models, parameters can be 

estimated with basic methods such as maximum likelihood. Systems of 
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stochastic differential equations as present in multifactor interest rate 

models need complicated optimization procedures.  

More input data is needed for the DFA model, which is mainly 

company specific such as current reinsurance structure and premiums, 

current expenses, current volume of written premiums, current number 

of exposure units, initial surplus, initial asset portfolio, market share, 

only to name a few. Other input data represents choices according to 

modeling assumptions such as the number of phases in the underwriting 

cycle with associated transition probabilities. Furthermore strategies 

have to be defined in accordance with the model application, e.g. in areas 

such as investment philosophy, reinsurance composition and target 

growth. Moreover, the incorporated feedback loops have to be fed with 

targets and reaction thresholds.  

   

3.2.3 Time Frame and Types of Output 

Aspects like the chosen time frame and the chosen accounting 

bases depend on focus and purpose of the individual DFA model. If the 

time horizon is too short, strategies might not come to full effect within 

the projection period, if it is too long, the projections will be vague and 

meaningless. Typically five to ten years are chosen.  

Different types of output are desirable namely financial data such 

as balance sheet and income statement and analytical data such as 
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statistics and graphs. It is useful to have multiple accounting bases for 

the financial statements in a DFA model. GAAP is needed to emphasize 

the income aspect, whereas statutory accounting is required to discuss 

solvency issues as designed by the regulators. Economic accounting 

helps with analyzing the true effects of strategies on an economic basis.   

 

3.3 How the Model Works 

So far the focus of description has only been on important 

modeling components and not on the DFA model as a whole. The 

ultimate goal of the DFA model is the creation of the probability 

distribution of the P/C insurer’s surplus. Therefore the change in 

surplus from year to year has to be simulated. Roughly, it is determined 

by:  

• earned premiums  

• the change in value of the asset portfolio  

• the change in equity  

• loss payments  

• the change in loss reserves  

• expense payments  

• tax payments  

Based on one run of the scenario generator, all of these values are 

simulated with models and procedures as described above. Not yet 
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discussed is the simulation of the development of earned premiums. 

Based on the input data of current written premium, with the simulated 

assumptions concerning loss trends and market conditions and an 

autoregression model for the development of exposure units, values for 

the development of earned premiums can be generated (Kaufmann, 

Gadmer and Klett, 2001). The asset portfolio is partitioned into main 

categories and evaluated depending on generated interest and inflation 

rates including reinvestment assumptions. Changes in equity can be 

modeled deterministically at specific amounts and times or modeled 

depending on target reserves-to-surplus ratios. The aggregate losses are 

obtained from losses, whose simulation is introduced above, including 

catastrophe and reinsurance implications. Reserves are modeled 

correspondingly; refer to Kaufmann, Gadmer and Klett (2001). Expenses 

can be determined via regression, in dependence on the number of 

written exposure units. Taxes should not be disregarded, because their 

deduction from the surplus provides a proper basis for management 

decisions. If the DFA model is then run thousands of times, under the 

application of the different proposed strategies, probability distributions 

of the surplus can be derived and financial output created. Strategies 

can then be compared on the basis of measures of risk and return, which 

will be discussed in detail in the following section. 
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3.4 Risk and Return Measures 

There are numerous options when it comes to the choice of risk 

and return measures to assess the outcomes assigned to the various 

strategies by the DFA model. Generally, the evaluation of different 

strategies is based on the efficient frontier concept from portfolio theory. 

Thus, no inherently optimal strategy will be identified, there will only be 

the identification of strategies that are superior to others, because of less 

risk on the same level of return, or higher return on the same level of 

risk. This concept is illustrated in Figure 3, where the dots correspond to 

the outcomes of separate strategies and the indicated line is the assumed 

efficient frontier: 

 

 

 

Figure 3: Efficient Frontier for Strategies  

(Source: Kaufmann, Gadmer and Klett, 2001) 
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This implies that DFA is only a comparison tool and that management 

eventually has to judge between dominant strategies on the frontier 

based on its appetite for risk. Unfortunately different choices of measures 

sometimes lead to different conclusions, which is why considering more 

than just one measure at a time is the standard approach. These 

inconsistencies are due to the non-coherence of risk measures discussed 

in the subsequent section. The following collection of risk measures is 

based on the CAS’ suggestion (DFA Committee of the Casualty Actuarial 

Society 2000). 

 

3.4.1 Typically Used Measures 

Sample mean and standard deviation, i.e. expected return and its 

deviation, are two common risk measures. Let X be the random variable 

for net losses and ),...1( nkX k =  its realizations from the model output. 

Then the formulas for the two measures are  
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In practice (3.16) and (3.17) are combined to the Standard Deviation 

Criterion, which is a risk measure composed of the expected value of the 
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loss plus a fixed multiple T of the standard deviation (Meyers, 2000). To 

emphasize the risk emanating from the right tail in contrast to the 

chance from the left tail, a transformation called exponential twisting is 

applied to the mean as in (3.16): 
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The twisting parameter λ is an expression for risk aversion. A too large 

value should be avoided, because it overrides the behavior of the 

underlying sample distribution. With the same purpose only the one-

sided standard deviation S+ can be regarded: 
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where I stands for the function assuming one if the condition in 

parentheses is fulfilled and zero otherwise. This perspective turns the 

former two-sided risk measure into a down-sided risk measure. Another 

approach is to use the simulated empirical distribution function: 

n
kXS k
11)( )(
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-= ,     (3.20) 

where k is the sort order from the bottom of the sample. Thus the mean 

can be derived in the following manner: 
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To accentuate the right tail in this case, the proportional hazards 

transformation of the empirical distribution can be applied: 

 ,)()(
* )()( l

kk XSXS = ,    (3.22) 

where 10 £< l . 

This approach shifts the entire distribution function and creates a risk 

margin between the original (3.21) and the adjusted mean: 
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This margin is the greater the closer l  is to zero. A relatively simple risk 

measure is the probability of ruin, i.e. the probability that surplus drops 

below zero. The most commonly employed measure of risk is the Value at 

Risk (VaR), which represents the worst expected loss over a given time 

horizon under normal market conditions at a given confidence 

level )1( a- , i.e. { } aa -³£ 1)(Pr XVaRX . It describes the minimum loss 

greater than a certain percentile of the loss distribution and is thus 

defined as:  

   (3.24) 

or in the discrete simulation case:  

.  (3.25) 

Disadvantages of VaR are, that it does not take into account how severe 

the loss might become above the chosen percentile, and that it does not 
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fulfill certain valuable properties as discussed in the next section. 

Another measure which considers the severity of the loss is the Expected 

Policyholder Deficit (EPD(t)), which is defined as the expected value of the 

loss over a predetermined threshold t,  

,     (3.26) 

where is the CDF of losses.  

In the simulated version it amounts to  

.    (3.27) 

Important because of its properties and because it answers the question 

of average incurred loss in the worst % cases is the Tail Value at Risk 

(TailVaR) also known as the Tail Conditional Expectation (TCE) (Acerbi 

and Tasche, 2001), which is defined as  

.   (3.28)  

It is actually a combination of VaR and EPD, because of the following 

relationship: 
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If the underlying distribution of loss X is continuous, the definition of 

TailVaR coincides with that of the Expected Shortfall (ES). For 

discontinuous cases the latter definition is more complex, but it can be 

stated as 

{ } )1)(Pr())()((
)()(
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aaaa
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XTailVaRXES

              
 (3.30) 

(Acerbi and Tasche, 2001). 

  

3.4.2 Coherent Risk Measures 

Coherence is a valuable property of risk measures defined as 

follows: Let be a random variable associated with the total loss and 

 be a risk measure.  is a coherent measure of risk, if it satisfies 

the following four axioms (Artzner, 1999):  
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• Translation invariance:  

for all constant losses a we have . 

• Subadditivity:  

for all losses we have . 

• Positive homogeneity: 

for all  we have . 

• Monotonicity: 

for all losses  with  we have . 

The first property, translation invariance, suggests that a certain loss 

amount a added to the random loss X increases the combined risk by its 

exact amount. Subadditivity is a very significant property, because it 

reflects portfolio diversification effects: there is no generation of extra 

risk, if two total losses are combined. Positive homogeneity expresses the 

fact that no diversification effects exist in a portfolio of identical losses. 

The last property implies that a loss, which is always greater than 

another loss should also be attributed more risk. All of these properties 

are reasonable to require from a risk measure for the purpose of avoiding 

inconsistencies, but only few measures fulfill them.  

The standard deviation criterion fails to meet the monotonicity 

property, which is shown by the following example in Table 5, which is 

similar to one that can be found in Meyers (2000): 
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Table 5: Example for the Non-Coherence of the Standard Deviation 

Criterion 

Scenario  X1  X2 X1 X2
1 1.00 4.00 E[Loss] 2.50 4.00
2 2.00 4.00 StDev[Loss] 1.12 0.00
3 3.00 4.00E[Loss]+2*StDev[Loss]4.74 4.00
4 4.00 4.00
5 4.00 4.00
6 3.00 4.00
7 2.00 4.00
8 1.00 4.00  

(Source: Meyers, 2000) 

 

 

Thus  for all scenarios and under the assumption that T=2 it 

holds that )(00.474.4)( 11 XX rr =>= , which contradicts monotonicity. 

Also VaR is not coherent, because it fails the subadditivity condition. 

Table 6 presents an example for this violation of the coherence 

properties, analogous to an example in Meyers (2000): 
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Table 6: Example for non-coherence of the Value at Risk 

Scenario X1 X2 X1+X2 X1 X2 X1+X2
1 0.00 0.00 0.00 VaR.15(Loss) 0.00 0.00 1.00
2 0.00 0.00 0.00
3 0.00 0.00 0.00
4 0.00 0.00 0.00
5 0.00 0.00 0.00
6 0.00 0.00 0.00
7 0.00 1.00 1.00
8 1.00 0.00 1.00  

(Source: Meyers, 2000) 

 

 

Using =.15 the VaR represents the 85th percentile of the random loss X, 

and the constructed example shows that , 

which contradicts the required property.  

 To the group of coherent risk measures belongs the maximum 

function, which assigns the maximum loss over all scenarios as the risk 

number and the Tail Value at Risk under some conditions (Meyers 2000). 

Acerbi and Tasche (2001) show, that the Expected Shortfall is always a 

coherent risk measure. Whereas these measures ignore the most part of 

the loss distribution, a method based on the above introduced 

proportional hazards transformation accounts for the whole distribution 
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of losses and is also coherent. The so called Wang transformation uses a 

probability distribution distorted by the following transformation: 

, where g:[0,1]->[0,1] is a continuous one-to-one 

distortion function (increasing with g(0)=0 and g(1)=1),  is the standard 

normal CDF, and l  is as above a free parameter expressing risk aversion 

(Wang, 2001).  

 

3.5 Considerations 

DFA is a methodology to help the P/C insurance company’s 

management in its decision making. Its comprehensive framework 

provides a sound basis for risk analysis and decisions between various 

strategies in various concerns. 

In spite of the advances a DFA model provides via integrating all of 

the P/C insurance company’s operations and modeling stochastically 

under a wide range of scenarios, there are limitations to it. Not all risks 

can be considered, and not all interdependencies can be reflected or 

modeled in sufficient detail, such that uncertainty remains and 

uncertainty about the right choice of focus of the model emerges. 

Kirschner and Scheel (1997) partition the latter type of uncertainty into 

three types of risk inherent to modeling: specification risk, parameter risk 

and process risk. Specification risk implies the uncertainty about the 

choice of model structure and probability distributions, whereas 
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parameter risk relates to the correctness of the parameters within these 

models and distributions. Finally the process risk is due to the 

randomness of the process to be modeled. It is assumed to disappear 

along with a large number of reruns of the model, given specification and 

parameters are appropriate, if no wrong or missing correlations exist.    

Practical limitations of DFA are that it only provides an improved 

basis for decisions between strategies, but usually does not give direct 

clues to an optimal strategy. Moreover its complexity threatens to turn it 

into a black box and requires comprehensive knowledge of the user. 

Therefore it has changed the role of the actuary. DFA models have to be 

adaptable to changes in their environment, because regulatory, tax and 

accounting requirements keep changing and new insurance products 

with novel risk profiles are constantly developed. The lack of standard 

models makes DFA expensive and time consuming, but as its 

development progresses and experience with its models grows, these 

deficiencies are gradually remedied.  

The following chapters will give examples for DFA models and their 

applications and also present findings.  
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CHAPTER IV 

APPLICATIONS OF DYNAMIC FINANCIAL ANALYSIS 

 

 

Basic features of a DFA model have been described in the last 

chapter. It is now time to turn to the realization and application of these 

models, to present their usage and their findings for P/C insurance 

companies. Primary source for these examples is the call paper program 

of the Casualty Actuarial Society, which sponsored the research on DFA. 

The areas in which DFA models are utilized are numerous. This thesis 

focuses on asset allocation and investment strategies, capital allocation 

and adequacy, and reinsurance structure. A thorough discussion of 

these topics is beyond the scope of this thesis, instead the purpose of 

this chapter is to give an impression of the potential uses of DFA models.  

First of all a look at the significance of the NAIC RBC requirement as 

introduced in Chapter I is taken. 
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4.1 Significance of NAIC RBC Requirement 

 DFA is designed to be integrated into the risk management of the 

P/C insurance company. The question arises, whether it can contribute 

more to the analysis of capital needs than the regulatory imposed 

requirement.  

 A study by Madsen (2002) reveals, that the RBC does not truly 

reflect asset risk. A company wide DFA model (by DFA Capital 

Management Inc.) is used to project the risk-based capital as well as the 

surplus over a period of five years. Three different investment strategies 

are tested with the focus on stock proportion and relation of taxable and 

tax-exempt bonds. All three start at the base case of 10% in equity, 45% 

corporate, 32% Treasury and 13% Municipal bonds. The base strategy 

leads after five years to an average distribution of assets of 20% equity, 

20% corporate, 47% Treasury and 13% Municipal bonds. In comparison 

to this base case, the first alternative strategy assumes more risk, 

increasing investment in equity and corporate bonds, and decreasing the 

safer bond portions, whereas the second alternative is more risk averse, 

remaining at the 10% equity level and disposing of more than half the 

corporate bonds in favor of the safer investments. The study proceeds by 

comparing the projected RBC requirements, and also the surplus 

distribution functions of the three strategies at various points in time. 

Roughly summarized, the RBC charge was always highest for the riskier, 
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first alternative, but the charge does not reflect that also the projected 

surplus is greater than for the other strategies at almost all times. For a 

more thorough analysis and specific results refer to Madsen (2002).   

 This leads to the conclusion, that P/C companies should not 

consider the RBC requirements as overly representative of their risk 

profile. They should perform in depth analysis of their investment 

strategies and their capital needs within in their own risk management, 

e.g. with DFA models.    

 

4.2 Asset  Allocation and Investment Strategies 

 Optimal asset allocation for P/C insurance companies depends on 

both investment and underwriting returns. They need to be modeled in 

conjunction to reflect the offsetting and aggravating effects of their 

returns. Regulatory restrictions also play an important role in the risk-

return decision of asset allocation and need to be integrated in the 

model. This makes DFA the method of choice to perform an analysis of 

asset allocation.     

Historically, the U.S. P/C insurance industry has avoided large 

investments in equity portfolios. This is largely due to their need of stable 

investments to cover large unexpected losses, which equity cannot 

satisfy, because of its high volatility. Nevertheless, equity portfolios 

achieve a consistently higher return than bonds if measured in the long 
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run. Especially today, as typical portfolio yields fail to reach past 

standards, asset management and specifically increasing investment in 

stocks is an issue for P/C insurers. In this context, the studies in this 

section seek to discover opportunities for P/C insurers. 

 

4.2.1 Asset Allocation 

 A study on the matter of asset allocation was conducted by 

Kaufman and Ryan (2000). They used the Milliman & Robertson FINANS 

DFA model with the consolidated data of the entire P/C insurance 

industry as of 1997 as representative of a large multi-line insurer. The 

aggregate asset allocation strategy of the industry was used as the base 

case strategy, and varying equity holdings were tested as alternative 

strategies.  

 The model includes an economic scenario generator, a catastrophe 

module, a projection of loss ratios according to a regression of historic 

data on loss ratios and corresponding interest rates, and an aggregate 

loss payout pattern. For details refer to Kaufman and Ryan (2000).   

Table 7 contains the base case as of industry aggregate at the end of 

1997 and four alternative strategies taken into consideration: 
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Table 7: Selected Asset Allocation Strategies 

Scenario Stocks  Bonds Other
Base Case 23% 66% 8%

Alternative 1 15% 77% 8%
Alternative 2 30% 62% 8%
Alternative 3 40% 52% 8%
Alternative 4 50% 42% 8%  

(Source: Kaufman and Ryan, 2000) 

 

 

All bonds are assumed to be taxable and the reinvestment is conducted 

according to the initial allocation. A time frame of five years is chosen for 

the projection, and 1,000 runs of the model are perceived sufficient for 

the convergence of results. The median tax-adjusted return on equity 

(ROE) serves as return measure, i.e. the net underwriting and investment 

income and a tax-adjusted amount of unrealized capital gains over the 

surplus adjusted for unrealized capital gains. The following four risk 

measures are used: 

• Probability that surplus decreases by at least 10% in any one year 

• Probability that surplus decreases by at least 25% in one year 

• Probability that ROE is less than 10% in any one year 

• Probability that RBC is greater than surplus 
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For sensitivity testing and to account for P/C insurance companies below 

average, the model is run for each strategy also under worse conditions 

of higher loss ratios and lower initial surplus reflected by higher reserve-

to-surplus ratios, where the loss ratio of the industry is approximately 

74% and the reserve-to-surplus ratio equals 1.18. Tables 8 through 10 

give an impression of the model output: 

 

 

Table 8: Projections using Original 1.18 Reserve-to-Surplus Ratio 

Stocks as 
a % of Inv. 
Assets

Median 
ROE

Prob. of 
10% 
Surplus 
Decrease

Prob.of 
25% 
Surplus 
Decrease

Prob. of 
ROE 
<10%

Prob. Of 
RBC > 
Surplus

15% 8.75% 1.84% 0.16% 55.04% 0.02%
23 9.54 1.68 0.08 51.25 0.02
30 10.38 1.72 0.08 47.45 0.02
40 11.45 2.24 0.12 43.46 0.00
50 12.49 2.78 0.12 40.86 0.00  

(Source: Kaufman and Ryan, 2000) 

 

 

From Table 8 can be derived, that under a good reserve-to-surplus ratio 

an increase in the share of equity in the asset portfolio leads to an 

increase in the ROE, without substantial increase of the inherent risk. 

This is also true for the base case of 23% stock holdings. Here the special 

case occurs that the probability of a 10% decrease of surplus increases 
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slightly no matter in which direction equity shares are changed, which 

means that it dominates the 15% equity share strategy. Thus the 

industry strategy at the end of 1997 is conservative, but not inferior. 

Table 9 shows the results under a decreased surplus value: 

 

 

Table 9: Projections using 2.5 Reserve-to-Surplus Ratio 

Stocks as 
a % of Inv. 
Assets

Median 
ROE

Prob. of 
10% 
Surplus 
Decrease

Prob.of 
25% 
Surplus 
Decrease

Prob. of 
ROE 
<10%

Prob. Of 
RBC > 
Surplus

15% 13.56% 9.53% 3.04% 40.16% 2.68%
23 15.18 9.13 2.78 37.48 2.28
30 16.50 8.78 2.60 34.83 1.98
40 18.34 9.21 2.50 32.97 2.12
50 19.81 9.67 2.76 31.77 2.62  

(Source: Kaufman and Ryan, 2000) 

 

 

The reduction in surplus, as indicated by the higher reserve-to-surplus 

ratio, has the effect that the ROE values are overall higher and also grow 

relatively more with increase of equity share than at the original surplus 

level. The higher level of ROE is due to the assumed decrease of surplus, 

i.e. the denominator of ROE. The downside effect is, that the level of risk 

shown by the risk measures increases as well, except for the probability 

of ROE less than 10% measure, which is explained by the higher level of 



 97 

ROE. It can also be seen, that with increasing equity investment this risk 

decreases even more, leading to the conclusion that equity return more 

than offsets the risk that ROE falls below 10%. Table 10 presents the 

results under the even more adverse condition of an increased loss ratio: 

 

 

Table 10: Projections using 2.5 Reserve-to-Surplus Ratio With 

Increased Projected Loss Ratio 

Stocks as 
a % of Inv. 
Assets

Median 
ROE

Prob. of 
10% 
Surplus 
Decrease

Prob.of 
25% 
Surplus 
Decrease

Prob. of 
ROE 
<10%

Prob. Of 
RBC > 
Surplus

15% 11.41% 13.88% 4.77% 45.79% 4.84%
23 12.93 12.53 4.23 42.62 4.10
30 14.41 12.22 4.23 39.98 3.96
40 16.04 12.11 4.23 37.14 4.16
50 17.79 12.81 4.29 35.84 4.70  

(Source: Kaufman and Ryan, 2000) 

 

 

An increase of the projected loss ratio by approximately 10% aggravates 

the situation. The median ROE level is lower than with the original loss 

ratio under the same surplus level. Also all risk measures indicate the 

higher exposure of a P/C insurer with these features.  

For more detailed findings refer to Kaufman and Ryan (2000).  
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4.2.2 Reinvestment Strategies  

Another study conducted by Kirschner (2000) addresses the 

question of optimizing the asset mix for a specific large multi-line P/C 

insurer to enhance the company’s economic net worth. Special focus of 

this discussion is on strategies for reinvestment of available cash flows.  

 The employed DFA model does not project the surplus from the 

statutory perspective, instead it analyzes the development of the 

company’s economic net worth. It differs from surplus in so far, as it 

contains all assets marked to market, as it allows uncollected premiums 

to be shown at present value, as it records the reserves (loss and LAE 

reserves) at present value of future expectations and as it allows for 

discounting of the unearned premium reserve. The DFA model 

incorporates six sources of variability in the form of stochastically 

modeled variables: interest rates, inflation rates, stock market returns, 

adequacy of loss reserves, loss ratios, and speed of payment patterns. 

The three economic variables among these are not modeled similar to the 

ways introduced in Chapter III. For his purpose Kirschner favors the 

simulation solely based on extensive historic data, comprising monthly 

observations from 1927 until 1998 of interest rates, inflation and stock 

returns. Advantages of this procedure are the implied causal 
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relationships between the three variables and the flexibility to focus on 

typical, especially downside development periods from past years. The 

three non-economic variables are simulated rather typically, with historic 

data fitted to lognormal distributions. As a time frame for the projection 

five years are chosen.   

 The next step is taken in quantifying the relative influences of 

these six factors of variability on the economic net worth. This is done by 

comparing a deterministic state after five years developed by the 

company to the first five year projection result of net worth including 

variability of the factors one by one. It turns out that the volatility of 

stock returns has the greatest influence on economic net worth followed 

by the variability of inflation rates, of interest rates, of loss ratios, of loss 

reserves and of payout patterns in this order. The significance of the 

three economic factors is great, because their influence on the net worth 

sums up to 80% (Kirschner, 2000). 

 For the analysis of the P/C insurer’s asset mix, a base case 

strategy with reinvestment of cash flows according to the status quo and 

six alternative strategies are tested as presented in Table 11: 
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Table 11: Overview about Asset Reinvestment Strategies   

Strategy
\Invest
ment 
class

Treasury 
bonds

Corporate 
bonds

High 
yield 
bonds

Tax-
exempt 
bonds Cash

Common 
stock

Base case 6% 60% 2% 14% 5% 13%
Alternative 1 100%
Alternative 2 100%
Alternative 3 100%
Alternative 4 100%
Alternative 5 100%
Alternative 6 100%  

(Source: Kirschner, 2000) 

 

 

The Treasury bonds used are of ten year maturity and the reinvestment 

portfolio from other bond classes is chosen to have a Macaulay duration 

of seven years. Tax-exempt bonds are issued by municipalities. The first 

results of projecting the economic net worth over five years under the 

seven different reinvestment strategies are presented in Table 12: 
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Table 12: Projection Results 

Base 
Case/ 
Status 
Quo

Alt. 1: 
All 
Govt. 
Bonds

Alt 2: 
All 
Corp. 
Bonds

Alt 3: 
All 
High 
Yield 
Bonds

Alt 4: 
All Tax 
Exem
pt 
Bonds

Alt 5: 
All 
Cash

Alt 6: 
All 
Comm
on 
Stock

Economic 
Net Worth 
Mean Value 100.0 97.2 98.6 100.6  98.3  97.9 108.0
Percent 
increase 
over Base N/A -2.8% -1.4%  0.6% -1.7% -2.1% 8.0%
Standard 
Deviation 15.6 14.0 14.1 14.2  14.6  14.3  27.3
Percent 
increase 
over Base N/A -10.6% -9.9% -8.8% -6.6% -8.5% 74.6%
% of 
simulated 
scenarios 
that fall 
below 0.0% 0.0% 0.0%  0.0% 0.0%  0.0% 7.9%  

(Source: Kirschner, 2000) 

 

 

These results show that on average most strategies produce a lower 

expectation with lower deviation. Only the reinvestment in high yield 
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bonds and in equity can return a higher net worth than the base case 

strategy, which the P/C insurer pursues today. In the case of high yield 

bonds, this increase is only 0.6%, but also the standard deviation 

decreases. For equity, the relatively large increase of net worth is offset 

by the accompanying higher standard deviation of projection results, i.e. 

an 8% increase in expectation comes with a 74.6% increase of standard 

deviation.  

In its decision about its risk preference, the insurer must consider 

how rating agencies and especially regulators view an additional 

assumption of risk. In order to not trigger any regulatory action, the P/C 

insurer should have 200% of the authorized control level of the NAIC 

RBC requirement as a minimum capitalization target. As outlined in the 

previous section, the RBC penalizes investment in equity, such that the 

required capital is higher, which in turn makes it harder to guarantee 

this degree of capitalization in all scenarios, when investing in equity to a 

high degree. The last row of Table 8 shows that this situation is critical, 

when reinvesting only in stocks.  

If an efficient frontier approach is made, ranging from reinvestment 

solely in equity to reinvestment only in high yield bonds, it can be 

derived, that sole reinvestment into high yield bonds up to a percentage 

of 10% equity and 90% high yield bonds leads to increased net worth 

without adding to the risk inherent in the base case. Unfortunately, there 
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are limits to the amount of high yield bonds and stocks that can be held. 

Integrating these restrictions, it turns out, that the base case strategy 

lies on the efficient frontier. Thus the only way to increase its net worth 

for this specific P/C insurer is to assume more risk through more risky 

investment in equity, which is recommendable up to 20-30% (Kirschner, 

2000).  

Among the reasons, why P/C insurers still invest relatively 

conservative and keep their equity investment low, are stability and tax 

considerations. Regulators and rating agencies highly value stability of 

the insurer’s financial results. They focus on statutory accounting rules, 

which commonly do not book bonds to market. The instead used 

amortized cost creates stability, as outlined in Chapter I, whereas 

investment in equity reflects market fluctuations and therefore does not 

have this smoothing effect. Tax considerations inhibit investment in 

equity in so far, as realizing capital gains from stock bears a tax cost, 

which statutory accounting does not recognize until the time of 

realization.  

 The somewhat distorting effects of statutory accounting are also 

discussed in the following study on the profitability of investment 

strategies according to duration matching.  
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4.2.3 Investment According to Duration Matching 

As indicated in the chapter about asset liability management, 

duration matching techniques with the purpose of hedging against 

interest rate risk are not as widely used by P/C insurers as by life 

insurers. The Casualty Actuarial Society’s Valuation, Finance, and 

Investments Committee (2002) performed a study on this matter using a 

DFA model.   

The employed model projects results on the basis of GAAP and 

statutory accounting and simulates two mono-line insurers: a workers’ 

compensation writer and a homeowners writer. These were chosen to 

represent insurers with relatively long duration and comparatively stable 

cash flows or relatively short duration assets with larger catastrophe 

exposure and therefore less stable cash flows, respectively (CAS 

Valuation, Finance and Investment Committee, 2002). A five year 

projection horizon and two return measures are regarded:  

• Average annual statutory net income as a percentage of 

statutory surplus 

• Average annual GAAP net income as a percent of GAAP 

equity (adjusted for deferred taxes and unrealized gains) 

The following four risk measures are used in the analysis to have a broad 

basis for conclusions and comparisons: 
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• Probability of surplus/equity decrease of more than 25% in 

any one year 

• Probability of ruin 

• 5-year VaR.05(surplus/equity) 

• 5th year VaR.05(surplus/equity) 

The study considers different premium levels (5% growth, 5% decline) 

matched with typical and worsened loss ratios. Investment is simplified 

down into 99% Treasury bonds and 1% cash, which proportion is 

complied with during reinvestment. Different strategies are tested with 

the focus on the durations of assets and liabilities. The short strategy 

uses an asset portfolio of one year duration, measured with the Macaulay 

duration, the matched strategy invests in assets of the same duration as 

the liabilities’ duration and the long strategy takes 7.5 year duration 

assets. The duration of the liabilities is statically assumed to be 2.2 for 

the homeowners writer and 3.8 for the workers’ compensation writer.  

 A sample of the DFA model’s output for the workers’ compensation 

writer under a typical loss ratio of 80% and growing premiums is 

presented in the following Table 13: 
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Table 13: Workers’ Compensation DFA Model Output  

Strategy Short Matched Long

Avg. Stat. Net Income  6.3%  8.8% 9.6%
Avg. Adj. GAAP Net Income  7.2%  10.7% 12.2%

P{.Stat. Surplus<-25%}  0.0% 0.0% 0.0%
P{Stat. Surplus<0}  0.0%  0.0%  0.0%
5-Year 5% VaR (Stat.)  2.0% -6.4% -7.7%
5th Year 5% VaR (Stat.)  5.1% -5.4% -6.9%

P{.GAAP Equity<-25%}  0.0%  0.0%  1.2%
P{GAAP Equity<0}  0.0%  0.0%  0.0%
5-Year 5% VaR (GAAP)  1.1%   4.0% 15.7%
5th Year 5% VaR (GAAP)  4.3%  6.0% 16.9%

Standard Deviation of Net Income (Stat.)  4.7% 1.5% 1.1%
Standard Deviation of Net Income 
(Adjusted GAAP) 4.9%  9.9% 18.7%

Reward Measures 

Down-Side Risk Measures 

Two-Sided Risk Measures 

       

 

(Source: CAS Valuation, Finance, and Investment Committee, 2002) 

 

 

From both return measures one can observe that longer asset durations 

yield greater return. Whereas the GAAP risk measures indicate the same 

relationship for duration and risk, the statutory risk measures indicate 

an inverse relationship. The values for the 5-year VaR state that for short 

duration assets 5% of the time, the company will incur on average a loss 

of 2% of surplus, rising to a loss of -7.7%, i.e. a gain in that amount, for 

the long duration strategy. Both down-sided and two-sided risk 

measures are consistent in their indications. An explanation for these 
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statutory results is that they only account for the interest rate risk that 

usually comes along with the higher yields of longer durations, when 

bonds have to be sold prematurely, which happens seldom in the good 

overall picture. This marginal increase in risk is more that offset by the 

simultaneous decrease in underwriting risk through the cushioning 

capital. When comparing the three strategies, the long one seems 

optimized from a statutory point of view, and from the GAAP position 

there is an efficient frontier situation with a tradeoff decision to make. 

Duration matching does not appear to be inherently superior.  

 Table 14 shows the model output for the homeowners writer under 

premium growth and a typical loss ratio of 72.5%: 
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Table 14: Homeowners DFA Model Output 

Strategy Short Matched Long

Avg. Stat. Net Income  4.8%  5.2% 8.3%
Avg. Adj. GAAP Net Income  4.6%  5.1% 6.4%

P{.Stat. Surplus<-25%}  5.8% 5.8% 5.8%
P{Stat. Surplus<0}  2.7% 2.8%  1.8%
5-Year 5% VaR (Stat.)  46.8% 46.2% 42.3%
5th Year 5% VaR (Stat.) 38.9% 40.5% 39.0%

P{.GAAP Equity<-25%}  5.7%  5.7%  4.8%
P{GAAP Equity<0}  0.5%  0.6%  0.4%
5-Year 5% VaR (GAAP)  28.1%   27.4% 24.1%
5th Year 5% VaR (GAAP)  42.6%  44.2% 35.0%

Standard Deviation of Net Income (Stat.)  17.9% 17.6%145.8%
Standard Deviation of Net Income (Adjusted 
GAAP) 13.1% 12.9% 14.3%

Reward Measures 

Down-Side Risk Measures 

Two-Sided Risk Measures 

       

 

(Source: CAS Valuation, Finance, and Investment Committee, 2002) 

 

 

In the case of the homeowners writer both accounting bases reveal that 

duration and risk are inversely correlated, when down-sided risk 

measures are considered, whereas the two-sided measures indicate a 

minimum risk level around the matched strategy – for the statutory 

measure the long duration standard deviation is caused by an outlier 

and this result is therefore negligible (CAS Valuation, Finance, and 

Investment Committee, 2002). Also the overall risk level is greater and 
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the return level lesser for this line of business. Triggering factor is the 

larger underwriting risk and catastrophe exposure, where liquidation of 

bonds occurs more frequently. The cushioning function against 

underwriting losses of the additional capital provided by higher yields 

inverts the expected risk-duration relation, when measured with the 

down-sided GAAP measures. Thus for the statutory basis again the long 

strategy seems optimal, whereas the GAAP down- and two-sided risk 

measures indicate contradictory optimums favoring the long or matched 

strategy respectively. For in depth analyses of all other scenarios refer to 

the CAS Valuation, Finance, and Investment Committee (2002). 

 In conclusion, duration matching on the basis of GAAP and 

especially statutory statements, which do not reveal interest rate risk in 

its full extent as discussed in Chapter I, cannot be considered an 

inherently superior investment strategy. Depending on the P/C 

insurance company’s risk aversion, other strategies on the efficient 

frontier might be more recommendable. Also an evaluation of this risk on 

economic basis might provide deeper insight into this matter.  

 

4.3 Capital Adequacy and Allocation 

 Capital serves the P/C insurer as a cushion against the event that 

both premiums and investment income are insufficient to pay for the 

occurred losses. This implies that the amount of capital necessary is 
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directly related to the amount of risk inherent in the specific P/C 

insurer’s business. An analysis of how much capital is needed to support 

the insurer’s various risks is useful not only from the solvency 

perspective, but also because excess capital can be more attractively 

invested, the need for new capital can be detected and reinsurance or 

risk cutting measures can be initiated at an early stage. 

Capital adequacy and therefore ongoing solvency is a major issue 

not only for the P/C insurance company itself, but also for the 

policyholder. This is due to the peculiarity of the insurance product, that 

its benefits do not come with purchase, but later on at unknown times in 

unknown amounts. Other interested parties are the regulators, who 

require information about probability and cost of insolvency with regard 

to the policyholders and insolvency funds which have to pay for these 

events, and rating agencies, who downgrade companies as they become 

conceivably more exposed to insolvency.  

 

4.3.1 Capital Adequacy 

 In their discussion of capital adequacy Philbrick and Painter (2001) 

employ a DFA model in the analysis of a hypothetical large P/C multi-

line insurer, whose data is provided by the CAS in its 2001 call for 

papers on DFA (DFA Committee of the Casualty Actuarial Society, 2001). 

The utilized model is the Swiss Re Investors Financial Integrated Risk 
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Management (FIRMTM) System. Philbrick and Painter compare an internal 

method of determining the capital requirement based on the coherent 

risk measure of Tail Value at Risk with two external methods. These 

include the NAIC RBC and what is publicly known about the 

corresponding methods from the rating agency A.M. Best.  

 For a detailed description of the DFA model setup and 

parameterization refer to Philbrick and Painter (2001) as well as Burkett, 

McIntyre and Sonlin (2001). 

 The A.M. Best approach is relatively similar to the NAIC RBC 

methodology (Philbrick and Painter, 2001). It determines a net required 

capital based on risk factors applied to statement values of the insurer 

and balanced in a covariance formula. Differences are that catastrophic 

losses and the qualities of loss reserves and of reinsurance are 

considered and that individual adjustments can be made, which are 

neglected in this DFA model (Philbrick and Painter, 2001).  

 The TailVaR or TCE Required Capital Method puts emphasis on the 

tail of the distribution of the random variable in consideration (Philbrick 

and Painter, 2001). It is advantageous in so far, as it is completely 

adapted to the unique risk features of the specific P/C insurer, such that 

it considers the interplay of investment and underwriting risks. 

Nevertheless, it has the disadvantage of not taking into account special 

reinsurance profiles and credit risks, which are all incorporated in the 
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external methods. Its methodology is as follows: First the DFA model has 

to simulate a distribution function of the required assets to cover 

liabilities denoted by A. This variable corresponds to the projected 

surplus less the projected average assets. Then a confidence level (1- ) is 

chosen and the corresponding Tail Value at Risk is applied to this 

distribution. Finally, the required capital is derived by subtracting the 

expectation of the insurer’s total liabilities L: 

 )()( LEATailVaR -= aCapital Required  

 Another possibility would be to use aggregate losses, a thorough 

discussion of their simulation and derivation is found in Meyers (2001). 

Then the Tail Value at Risk for a given  represents the average 

aggregate loss greater than the Value at Risk for that specific confidence 

level. The resulting capital requirement is (Meyers, 2001): 

 Loss Expected sInsurer'Capital sInsurer' -= aa TailVaR      

 In their study, Philbrick and Painter chose a time frame of one year 

to simulate the hypothetical insurer’s cash flows and to evaluate the 

three different capital measures by means of their DFA model. Their 

results are lowest for the TailVaR required capital, for which they used a 

confidence level of 99% or equivalently an  of 1%, followed by a roughly 

22% higher RBC value and an even 52% higher A.M. Best value. On the 

one hand this shows that regulatory and rating standards are more 

conservative and also more general as they reflect industry averages to 
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some degree. On the other hand the TailVaR methodology is more 

company specific and considers the beneficial diversification effects of 

asset and liability cash flows. 

Another coherent risk measure for capital requirements is 

proposed by Wang (2002). It is derived from the Wang Transform 

introduced in Chapter III and is defined as follows: Let X be a loss 

variable with CDF F and a-1  be a selected confidence level. First the 

Wang Transform is applied to the CDF producing a distorted CDF F*. 

][ )())(()(* 11 a-- F-FF= xFxF    (4.1) 

The capital requirement can then be determined by taking the expected 

value of X under F*: 

 )()( X*EWT =a .     (4.2) 

)(aWT  coincides with aVaR  for normal distribution functions, otherwise 

it improves the accuracy at the extreme tails of the distribution. For in 

depth discussions of this matter and also for the application of the Wang 

Transform in the context of capital allocation refer to Wang (2002). 

  

4.3.2 Capital Allocation 

 Capital allocation is a very controversial topic. Legally the P/C 

insurer’s capital cannot be partitioned and assigned to certain divisions 

of the company. The capital as a whole serves any losses at all times. 

Thus the idea behind capital allocation is rather to assign risk charges to 
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the separate divisions of the company, which reflect their contribution 

towards the overall risk, i.e. the chance that they need part of the 

surplus. This is only an intermediate step to defining requirements for 

the certain divisions to earn appropriate rates of return according to their 

risk charge (Philbrick and Painter, 2001). Hence capital allocation is 

actually an approach to allocate the shared cost of capital to the P/C 

insurer’s divisions. 

  The question of capital allocation is closely related to game theory, 

i.e. the divisions are players participating in a cooperative game of 

dividing the capital amount (Mango and Mulvey, 2000). Several 

properties are desirable in a fair allocation scheme, namely that it is 

• Additive – sum of allocated amounts must equal the original total 

• Order independent – marginal impacts of players does not depend 

on the order of their entry into the game 

• Stable – there must not be biases towards any players 

All of these properties are fulfilled by the Shapley value, an allocation 

scheme, which takes the average of all marginal impacts over all 

entrance orders. E.g. let there be three divisions D1, D2 and D3, then the 

shapely value would assign the following value to division D1: 
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The marginal impact is measured with a risk measure of choice, Mango 

and Mulvey (2000) suggest the variance of statutory surplus. Using 

variance as risk measure, the shapely value simplifies to  

 )()()( iii Dcompany, of RestD DvalueShapley CovVar += , 

i.e. the risk load for any division is determined by the sum of its variance 

and its covariance with the rest of the company. Thus the otherwise time 

consuming calculation of the Shapley value scheme is condensed under 

the use of variance, especially if many divisions are concerned. But in the 

context of capital allocation as well, coherent risk measures such as the 

Tail Value at Risk should be used to permit coherence of the entire 

allocation process.  

In their study, which has already been mentioned in the context of 

capital adequacy, Philbrick and Painter (2001) also performed capital 

allocation. The business lines of the same hypothetical multi-line insurer 

are grouped into five divisions, which each is parameterized separately 

according to their individual profiles. The DFA model then creates all 

usual cash flow projections from underwriting and investment as well as 

the extensive calculations needed to determine the Shapley values for the 

five divisions and for assets, using both Tail Value at Risk and standard 

deviation as risk measures. The inclusion of assets is argued to be of 

importance in the holistic framework of the DFA model, because of the 

contribution of asset volatility to surplus volatility (Philbrick and Painter, 



 116 

2001). To pretend the erasures of divisions needed for these Shapely 

value computations, the model is constructed to “reinsure away” the 

lines of business in consideration. For results and modeling details refer 

to Philbrick and Painter (2001). 

 

4.4  Reinsurance Structure 

 Reinsurance is the fundamental concept of mitigating underwriting 

risks for a P/C insurance company. A DFA model is capable of reflecting 

the impact of different reinsurance strategies on all affected cash flows 

and the surplus and thus provides a sound basis for comparisons. More 

specifically, the need for a change in reinsurance coverage can be 

detected by comparing allocated capital for a division and the actual 

rates of return it is earning. 

 A study was conducted by Burkett, McIntyre and Sonlin (2001), 

which discusses the application of a DFA model on the data of the 

sample multi-line insurer as presented by the DFA committee of the CAS 

(2001) to find out about optimization of its reinsurance structure. They 

use the same DFA model as Philbrick and Painter, the Swiss Re Investors 

Financial Integrated Risk Management (FIRMTM) System. The current 

reinsurance contracts encompass only 8.5% of the hypothetical insurer’s 

written premium, and they are a combination of excess of loss coverage 

for specific lines of business and catastrophe reinsurance contracts. The 



 117 

DFA model includes simulations of catastrophes and large losses, and 

the capacity to work the reinsurance effects into all affected cash flows. 

For reasons of simplification the total number of lines is condensed to 

only five, similar to the approach of capital allocation in Philbrick and 

Painter’s (2001) study. Loss ratios are simulated separately for each line 

and among them correlations are assumed because of common 

inflationary and pricing level impacts. A critical aspect in the modeling 

process is the potential for bias in the pricing assumptions for 

reinsurance. Further parameterization details can be found in Burkett, 

McIntyre and Sonlin (2001). Using a five year time horizon the DFA 

model then projects financial statements on statutory as well as GAAP, 

economic and tax basis.  

To properly account for the diversification effects of writing 

different lines of business, Burkett, McIntyre and Sonlin opt for 

reinsurance coverage to be bought on a company wide level. This means 

that the current reinsurance structure, which is line specific, is tested 

against an alternative structure with level reinsurance coverage, such as 

accident year aggregate stop loss coverage. This test is conducted on the 

basis of RBC requirement fulfillment under the current, the proposed 

and no reinsurance coverage at all. Basically, results show, that the 

probability of not fulfilling RBC requirements in the five years under no 

reinsurance is slightly lower than under the current structure (Burkett, 
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McIntyre and Sonlin, 2001). This reveals that the current reinsurance 

coverage is not only insufficient, but moreover impairing. Moreover, the 

results indicate, that the proposed alternative strategy produces a lower 

probability of not reaching the RBC requirement. Hence it represents an 

improvement for the hypothetical insurer.  

Other ways of testing alternative reinsurance structures in the 

scope of a DFA model are to compare their impact on surplus according 

to the available accounting bases or to directly compare the surplus 

distributions. Important is also an analysis based on the drivers of the 

reinsurance impact, the loss ratios. For details refer to Burkett, McIntyre 

and Sonlin (2001).  
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CHAPTER V 

A SAMPLE DFA MODEL: 

DYNAMO 3.0 

 

 

 This chapter is exclusively a presentation of a specific DFA sample 

model, DynaMo 3.0, developed by Miller, Herbers, Lehmann & 

Associates, Inc. and provided by Pinnacle Actuarial Resources, Inc. 

Consulting Actuaries (2004). It is a public open access model, mainly 

designed to be an educational tool. It is implemented in Excel and 

generates asset and liability cash flows interactively to produce financial 

statements on GAAP and Statutory basis, important ratios, the 

distribution of surplus and other output on economic basis.  

 

5.1 Model Description 

The required input data is composed of company specific data and 

model parameters. One worksheet is designed for investment input 

including reinvestment assumptions, whereas the underwriting input is 

located on two spreadsheets, for each of the two provided business lines, 
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homeowners (HMP) and workers’ compensation (WC), separately. To the 

business line specific input belongs information about premiums, 

expenses, paid losses and allocated loss adjustment expenses by 

accident year from the past eleven years, which are projected to ultimate 

losses by means of the chain ladder method introduced in Chapter I. The 

model has a fixed projection horizon of five years and allows for business 

in every state, for which market share assumptions and written 

exposures have to be included. Two types of reinsurance are 

incorporated: catastrophe reinsurance and the non-proportional stop 

loss reinsurance. Retention and accordingly maximum loss ratio, as well 

as maximum amounts ceded and cost are part of the input. The model 

also incorporates a tax generator essential for determining the financial 

statements. DynaMo 3.0 simulates the following variables stochastically: 

• Short term interest rates 

• Claim inflation 

• Underwriting cycle 

• Catastrophes 

• Loss and LAE payment patterns 

• Loss frequency 

• Loss severity 

• Equity return 
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The following subsections will provide insight into the modeling 

details of DynaMo 3.0. 

 

5.1.1 Economic Scenario Generator 

The central variable, on whose simulation most other variables 

depend, is the interest rate. DynaMo 3.0 uses a generalized discretized 

CIR model, as introduced in Chapter IV to simulate short term rates. It 

additionally features the inclusion of a market risk premium, such that 

the basic formula (3.6) becomes: 

 t
g

tttt Zrsryaabrr )()( 111
+

--- ++-+=   (5.1) 

The interface for user defined parameters is shown in Figure 4: 
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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) 4.91%
Standard error  - s = 5.00%

Power Factor - g = 50.00%

XYZ Company
Dynamo 3.0

 

Figure 4: Interface for the Interest Rate Generator  

(Source: DynaMo 3.0. Pinnacle Actuarial Resources Inc. 

Consulting Actuaries, 2004) 

 

 

Using these input values, DynaMo 3.0 runs a five year projection of 

annualized short term rates and also a projection of long term rates up to 

the maturity of thirty years according to formula (3.7). 

   The general inflation rate it is also simulated stochastically, 

separately for each line of business and depending on the short rate rt 

using the following equation: 

 e++= tt brai ,   (5.2) 
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where a, b are selectable constants (based on historic experience in the 

two lines) and e  is a noise term from a normal distribution with mean 

zero and a standard deviation of choice. This approach is similar to the 

one described in Chapter III.  

A claims inflation rate for each business line is then determined by 

putting the chosen long term mean for short rates (see interface) in for rt 

in (5.2) and disregarding the noise. Together with a general assumption 

for inflation of the payment patterns, these rates are developed into 

inflation factors for the respective accident and development years of 

claims.  

For the valuation of collateralized mortgage obligations (CMO), i.e. 

a type of mortgage-backed security, which is backed by mortgage pools 

and documented and sold as a collection of bonds, the interest rate 

generator develops prepayment patterns according to the standard of the 

Public Securities Association (PSA). According to this standard mortgage 

prepayment rates develop linearly from 0.2% in the first month to 6% in 

the thirtieth month and remains at that level until maturity. Depending 

on the projected short rates in comparison to the initial short rate 

different multiples of the PSA standard are used as prepayment rates to 

evaluate CMO cash flows.  
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5.1.2 Underwriting Generator  

The underwriting cycle is divided into four phases: Mature hard, 

immature hard, mature soft, and immature soft. The transition 

probabilities are parameters which can be determined for the two lines of 

business separately. A linear relation between growth in business and 

rate change for each cycle phase is assumed, for which slope and 

intercept are input parameters. The model then calculates the assumed 

growth without any pricing changes, which is due to the competition 

situation. Of course a beginning phase has to be determined by the 

model user. To determine the annual cycle phases an overall shock factor 

is defined subject to the amount of catastrophic losses in the previous 

year and the level of short term rates in the current year. This factor does 

not carry any weight in relatively normal years, when preceding 

catastrophes are below a certain shock level, and interest rates fall 

within a user defined interval. In the case that past year catastrophes are 

severe or short rates are exceptionally high, the cycle phase is 

automatically mature hard. If losses are not severe, but short rates are 

fairly low, mature soft is the assumed state. Otherwise, a random 

probability is generated, according to which a transition takes place or 

not. An economically driven implied rate change is determined depending 

on an input growth rate objective, which is corrected by the effect of the 
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cycle phase. An internally determined indicated rate level is found in the 

following way: 

ratio loss epermissibl
ULAE)ratio loss syear' priorlevel rate Indicated +

×=
1()( , 

where ULAE stands for the unallocated loss adjustment expenses as a 

percentage of losses and allocated loss adjustment expenses. The total 

rate change for the period is then calculated as an average between the 

indicated rate level and the inflation adjusted implied rate change. 

Because pricing changes are subject to regulatory approval, they might 

be capped or involve lags until implementation. State specific caps and 

floors as well as lags belong to the input and are applied to the total rate 

change. 

 

 

5.1.3 Catastrophe Generator 

Roughly speaking, the catastrophe generator simulates large losses 

distributed all over the U.S. and from the stated market shares transfers 

these losses with an appropriate share to the HMP business line of the 

insurer.  

The catastrophic loss frequency is modeled via Poisson 

distributions, which means that for each state a mean based on historic 

experience has to be part of the input. Similarly, mean and variance have 

to be put in for the modeling of the loss severities via lognormal 
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distributions. Another input based on historic experience is the 

contagion matrix, which contains proportional damage shares for 

affected states, given the major damage happened in a specific primary 

state. From there a random number between zero and one is generated 

for each projection year, and via the CDF of loss frequency it is 

associated with a certain number of losses. The catastrophe generator 

then produces a random state in which this loss occurs. Another random 

number used as probability input for the state specific inverse lognormal 

CDF produces the random loss size. Based on the assumed market share 

per state and the interdependencies between the states given by the 

contagion matrix, the loss portion for the company is determined. 

Referring back to the catastrophe reinsurance input, the amount beyond 

retention and thereof the ceded amount are calculated. The module 

concludes with a summary of annual net losses due to catastrophes 

contrasted by premium payments for reinsurances. 

 

5.1.4 Loss Simulation 

 Losses as well as premiums and expenses are modeled in three 

categories: New business, first renewal business and second and 

subsequent renewal business. For the two lines of business separately, 

initial loss severity and loss frequency means and standard deviations 

are part of the model input. A loss severity/frequency trend factor which 
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accumulates over time also has to be entered. The modeled loss severity 

for each year is then computed by generating a random number used as 

probability input for the inverse function of the normal CDF, whose 

mean and standard deviation are taken from the initial loss severity 

inputs after adjustment with the trend factor. The same procedure is 

used for the modeled loss frequency, only that the mean is also adjusted 

with a factor expressing, whether a lag occurred in rate increases due to 

regulatory observation. This might account for the tendency that lower 

premium rates than perceived necessary, attract less favorable business. 

From the modeled loss frequency, loss severity and the number of 

exposures, which is adjusted for assumed growth, ultimate losses are 

determined. Separately, earned premiums are developed and thus loss 

ratios are found.  

 

5.1.5 Asset Evaluation 

Bond classes are evaluated according to the term structure 

generated by the economic scenario generator and specific risk 

premiums, which account for different degrees of credit risk. Tax 

considerations are also involved. DynaMo 3.0 distinguishes between 

Treasury, Municipal, CMO, unaffiliated and affiliated bonds. For CMO 

the prepayment pattern developed by the scenario generator is used in 

the evaluation.  
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Equity is differentiated into preferred and common stocks, and 

further into affiliated and unaffiliated. The current year’s equity return is 

modeled according to CAPM (3.15), where the risk free rate rf,t is the 

respective short rate produced by the scenario generator, the stock beta 

comes from the model input, and the market return rm,t is determined 

stochastically according to the following equation: 

errrEr tftftmtm +-×-= - )(4)( 1,,,, ,   (5.3) 

where 085.0)( ,, += tftm rrE . e stands for the randomly determined equity 

residual, which is assumed to be normally distributed with mean zero 

and standard deviation 0.15.  

 

5.2 Sample Run – Loss Frequency of Renewal Policies 

A simple example problem is not easy to find, given the numerous 

input variables that have to be considered in unison. The question posed 

in this section is how the initial loss frequency mean assumption for 

different renewal ages influences the projected loss ratios. The author 

will refrain from describing all of the input parameters of the base case 

and the alternatives, the constituting values can be found in the 

download version of DynaMo 3.0.  

 The base case assumes a selected initial loss frequency of 0.125 for 

the second and subsequent renewal generations of HMP policies. The 

loss frequencies accumulate with a rate of 10% as the renewal age 
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decreases. WC starts out with a selected frequency of 0.31 and 

accumulates by the same factor. Alternative one tests how heavy an 

underestimation of the accumulation rate by ten percent weighs and 

alternative two tests the resulting loss ratios, if level loss frequencies are 

selected, i.e. no distinction between renewal years is made regarding the 

loss frequency. Table 15 presents the loss frequency mean assumptions 

pertaining to the different cases: 

 

 

Table 15: Base Case and Alternative Strategies 

Base Case Alternative 1 Alternative 2
HMP New 0.151 0.180 0.138

1st Renewal 0.138 0.150 0.138
2nd Renewal 0.125 0.125 0.138

WC New 0.375 0.446 0.341
1st Renewal 0.341 0.372 0.341
2nd Renewal 0.310 0.310 0.341  

(Source: Author) 

 

 

DynaMo 3.0 completed 50 simulation runs of five years projection period 

each and produced loss ratio output for the separate business lines and 

also combined ratios. Tables 16 through 18 contain the output for the 

base case and alternatives one and two respectively: 
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Table 16: DynaMo 3.0 Output Base Case 

Coverage Subdivision 2004 2005 2006 2007 2008
HMP New * 0.7124 0.8202 0.8763 0.8083 0.6513

Renewal * 0.7741 0.6450 0.7648 0.7127 0.5779
Renewal (2) *0.6931 0.7054 0.7217 0.6571 0.5274
Total CAT's 0.0120 0.0170 0.0096 0.0165 0.0083
Direct 0.7201 0.7315 0.7577 0.7002 0.5579
Net 0.7536 0.7620 0.7886 0.7286 0.5807

WC New 0.8364 0.8736 0.8664 0.8293 0.6462
Renewal 0.7187 0.8347 0.7913 0.7541 0.5875
Renewal (2) 0.6492 0.7113 0.7150 0.6852 0.5340
Direct 0.6839 0.7506 0.7480 0.7163 0.5582
Net 0.6988 0.7663 0.7633 0.7312 0.5704

COMBINED New 0.7711 0.8491 0.8709 0.8198 0.6485
Renewal 0.7498 0.7385 0.7793 0.7358 0.5832
Renewal (2) 0.6692 0.7085 0.7183 0.6712 0.5307
Direct 0.7012 0.7416 0.7527 0.7085 0.5580
Net 0.7161 0.7132 0.7124 0.7157 0.5812

Loss Ratios by Line
Apriori Loss & ALAE Ratios          

Accident Years

* - excluding catastrophes  

(Source: DynaMo 3.0. Pinnacle Actuarial Resources Inc. Consulting 

Actuaries, 2004) 

 

 

Direct loss ratio stands for a projection of total ultimate losses over total 

earned premium, the total taken over all renewal ages based on the 

modeled direct data, whereas the net loss ratio is projected on the basis 

of modeled net data.  
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Table 17: DynaMo 3.0 Output Alternative 1 

Coverage Subdivision 2004 2005 2006 2007 2008
HMP New * 0.8516 0.9739 1.0106 0.9174 0.7457

Renewal * 0.8482 0.7027 0.8086 0.7415 0.6065
Renewal (2) *0.6962 0.7034 0.6992 0.6266 0.5074
Total CAT's 0.0120 0.0168 0.0093 0.0158 0.0079
Direct 0.7575 0.7600 0.7641 0.6944 0.5582
Net 0.7928 0.7916 0.7953 0.7226 0.5810

WC New 0.9942 1.0292 1.0041 0.9351 0.7326
Renewal 0.7832 0.9010 0.8406 0.7795 0.6105
Renewal (2) 0.6485 0.7043 0.6963 0.6493 0.5087
Direct 0.7132 0.7773 0.7621 0.7101 0.5563
Net 0.7288 0.7935 0.7777 0.7248 0.5685

COMBINED New 0.9191 1.0038 1.0070 0.9271 0.7386
Renewal 0.8197 0.8006 0.8262 0.7627 0.6088
Renewal (2) 0.6701 0.7039 0.6978 0.6380 0.5081
Direct 0.7345 0.7691 0.7631 0.7025 0.5572
Net 0.7136 0.7209 0.7235 0.7161 0.5804

* - excluding catastrophes

Loss Ratios by Line
Apriori Loss & ALAE Ratios          

Accident Years

 

(Source: DynaMo 3.0. Pinnacle Actuarial Resources Inc. Consulting 

Actuaries, 2004) 
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Table 18: DynaMo 3.0 Output Alternative 2 

Coverage Subdivision 2004 2005 2006 2007 2008
HMP New * 0.6483 0.7396 0.7790 0.7032 0.5542

Renewal * 0.7749 0.6403 0.7480 0.6821 0.5409
Renewal (2) *0.7632 0.7692 0.7761 0.6916 0.5430
Total CAT's 0.0120 0.0168 0.0093 0.0157 0.0078
Direct 0.7564 0.7652 0.7829 0.7079 0.5522
Net 0.7916 0.7971 0.8149 0.7366 0.5746

WC New 0.7609 0.7828 0.7598 0.7241 0.5577
Renewal 0.7192 0.8222 0.7633 0.7243 0.5578
Renewal (2) 0.7146 0.7714 0.7588 0.7240 0.5577
Direct 0.7219 0.7789 0.7595 0.7240 0.5577
Net 0.7377 0.7951 0.7751 0.7391 0.5700

COMBINED New 0.7016 0.7630 0.7685 0.7146 0.5561
Renewal 0.7505 0.7303 0.7564 0.7056 0.5503
Renewal (2) 0.7367 0.7704 0.7673 0.7079 0.5503
Direct 0.7384 0.7724 0.7707 0.7162 0.5550
Net 0.7134 0.7245 0.7317 0.7151 0.5780

* - excluding catastrophes

Apriori Loss & ALAE Ratios            
Accident Years

Loss Ratios by Line

 

(Source: DynaMo 3.0. Pinnacle Actuarial Resources Inc. Consulting 

Actuaries, 2004) 

 

 

The results show, that although projected loss ratios for the separate 

renewal ages vary greatly, the net loss ratios for the three strategies 

approximately even out for HMP as well as WC for the last two simulation 

years. More exactly, the difference between the projected net loss ratios 
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of the three strategies decreases, as the projection year is farther into the 

future, starting with differences of about four percent and arriving at 

about half a percent in the fifth year. The difference in strategies is 

negligible entirely, when looking at the combined net loss ratios. 

Thus the impact of different renewal age initial loss frequency 

assumptions on the projected loss ratios depends on the detail of the 

framework modeling. If they are used in a combined way, differences 

between resulting loss ratios are marginal, whereas the differences are 

significant when the projected loss ratios are used individually. 

 

5.3 Conclusion 

The options of DFA are all-embracing. All major risks for P/C 

insurers can be addressed and measured, strategies can be tested in a 

very detailed way, and their impact on the company’s financial situation 

can be simulated. Yet the complex modeling structure requires detailed 

and comprehensive knowledge of the user, which makes it expensive and 

so far prevents it from being used on a large scale.   
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