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2 THE DYNAMIC FINANCIAL ANALYSIS MODEL 

2.1 Introduction of Dynamic Financial Analysis 

   A DFA model can be built by a scenario test or by a stochastic process. It 

considers the key inherent risks in property-liability companies and establishes the 

links among these risks. Based on this, the DFA model can capture the movement of 

each variable, and forecast future integrated financial results via the scenario test/ 

stochastic process. The DFA model not only sets out a future financial framework but 

also provides the probability distribution of simulated results for the key variables 

(Gorvett, 1998；Tsai and Sung, 2001). 

    We can conclude the following advantages of the DFA model. First, the DFA 

model can forecast future financial operations over time. Second, it reflects the impact 

of key variables. Third, excluding regulative objects, the DFA model can also be used 

to make important decisions, such as asset allocation, market strategies, pricing 

decisions etc.1 

2.2 Cash Flow Simulation Procedures 

The model uses the surplus below zero as the definition for insolvency. Surplus 

is calculated by the following equation. 

                                                 
1 The insurance company can focus on potentially troubling issues to analyze the simulated results 
with changes to key financial variables. 
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where Asseti, t and Liabilityi, t reflect movements among key financial variables at time 

t. The cash flow simulation procedures simulate the influence of each variable upon 

the balance sheet. The procedures consist of five items, including premiums, capital 

gains or losses, investment income, receivables and claims. 

2.2.1 Premiums 

In the model, when new premiums are input, expenses must be deducted first 

(e.g. other underwriting expenses, commission & brokerage and reinsurance 

expenses). This leaves us with net premiums. The model uses these amounts to invest 

in each asset and also increase the reserve for liabilities. Hence, new premiums 

increase both the asset and liability sides. 

2.2.2 Capital Gains or Losses 

   The model simulates the movements of assets (e.g. stocks, bonds, real estate and 

foreign investments) using a stochastic process. When the sum of movements is 

positive, asset amounts will increase, resulting in a capital gain. Conversely, when the 

sum of movements is negative, the assets will decrease, resulting in a capital loss. 

2.2.3 Investment Income 

   The DFA model produces investment income, including dividends, interest, 
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principal and rent. The model uses investment income to invest in each asset, 

increasing the surplus by the same amount. 

2.2.4 Receivable Items 

    Receivable items cannot be completely recovered due to credit risk. When there 

are bad debts, the model will write off the receivable items, and increase actual 

amount recovered to each asset. Then, the model will has reduction on the surplus 

side. 

2.2.5 Claims 

Two situations can occur in the simulated results for claims in the DFA model: 

retained losses below the reserves; and retained losses above the reserves. For 

retained losses below the reserves, the model will sell the assets. The model accrues 

the recoverable reinsurance and writes off the reserves for claims. Finally, it writes off 

unearned premium reserves and adds the policy earnings to the surplus side.  

In the other situation (retained losses above the reserves), the model performs the 

same steps. It deducts the amount by which the surplus side is low, because of the 

insufficient policy reserves. If the surplus cannot cover the shortage, it will use 

reserves from other businesses to cover the loss. 

These balance sheet changes are shown in Table1. 
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2.3 Assets and Liabilities 

The model simulates a ‘going-concern’. It continuously derives new business via 

a stochastic process. The basic structures in this simulation are illustrated below. 

2.3.1 Simulation of Assets 

The DFA mode has seven categories on the asset side, including stocks, bonds, 

real estate, foreign investments, receivable items, cash and deposits, and other assets. 

 Stocks 

The model assumes that the dynamic of capital gains is given by the following 

equation: 

       ( ) )()()( S tStdWdttdS S σµ += ,                                 (2) 

where Sµ  is the expected rate of return on the stock, which is assumed to follow the 

CAPM model; Sσ  is the standard deviation of the stock return; and )(tdW  is a 

Geometric Brownian Motion with normal distribution volatility. That is, the changes 

in stock prices can be written as: 

[ ]{ } )()()()()1()( S tStdWdtREtRtdS mf σββ +⋅+⋅−=              (3) 

We use the S & P 500 index as stock prices ( S ) and the market risk ( β ) equal 1. 

We know that the monthly stock return was 0.67% and the standard deviation was 

4.17% in 1990. The risk-free rate ( )(tR f ) follows the basic interest models e.g. the 
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CIR model and the Vasicek model2. The changes in the monthly dividend incomes can 

be expressed as: 

)())(()( tStdWdttdD DD σµ +=                               (4) 

    We set up the dividend yield ( Dµ ) at 0.04 and the standard deviation of dividend 

yield at ( Dσ ) is 0.013. 

 Bonds 

The DFA model considers the interest rate risk and default risk when 

representing bond values. The model assumes that the volatility of the short-term 

interest rate follows the CIR model4. We estimated the parameter value of the CIR 

model so that the mean-reverting was 0.0195 ( a ), the long-run mean of the interest 

rate was 0.6734% (m), and the volatility of the interest rate was 0.8146 (σ) (Chan et 

al., 1992). The model then established the term structure of the interest rate5, the yield 

being expressed monthly.  

The model obtained the 100 basis point credit spread ratings for Treasury bonds, 

AAA rated bonds and AA rated bonds and has six bond terms to maturity for each 

                                                 
2 We selected the CIR model to simulate the volatility of the short-tem interest rate. 
3 The data came from the http://www.globalfindata.com/ and Taiwan Economic Journal data bank.  
4 The short-term interest rate follows the mean-reverting stochastic process. 

dzrdtrmadr σ+−= )(  
5 The model uses the following equation to generate the term structure. (Cox, Ingersoll, and Ross, 

1985) 
   trTtBeTtATtP ),(),(),( −=  
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rated bond, e.g. 1 year or less, over 1 year through 5 years, over 5 through 9, over 9 

through 15, over 15 through 21, and over 21 through 30. 

    The estimated monthly default risks were 0.0024%, 0.0156%, and 0.1990% with 

the high to low bond rating and the standard deviation of default risks at 0.0044%, 

0.0189%, and 0.1604%, respectively (Altman, 1992). 

 Real Estate 

 The dynamic process considers the movement of real estate prices and rental 

income in this model. These follow the Geometric Brownian Motion with normal 

distribution of volatility 

)())(()( tREtdWdttdRE RERE σµ += ,                               (5) 

)())(()( tREtdWdttdRENT RENTRENT σµ += ,                          (6) 

We used REITS data6 to estimate the real estate prices and rental income from 

1972 to 1990 where REµ , monthly real estate price, was -0.1131%; REσ , standard 

deviation of real estate, was 4.8559%; RENTµ , monthly rental income, was 0.8321%; 

and RENTσ , standard deviation of rental income, was 0.5228%. 

 Foreign Investments 

The model assumes that the movement of foreign investments follows the 

                                                 
6 The data is from the web site of http://www.nareit.com/nareitindexes/monthlyindexes.cfm. 
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Geometric Brownian Motion with normal distribution. 

)())(()( tFEtdWdttdFE FEFE σµ += ,                       (7) 

where FEµ  is monthly return on exchange rate; and FEσ  is standard deviation of 

exchange rate. We were not able to specifically distinguish the foreign investment 

items from the annual statement of NAIC. Thus, we did not simulate this item in our 

empirical test. 

 Receivable Items 

    Receivable items included accounts receivable and reinsurance recoverable. For 

accounts receivable, the model assumed that the monthly default risk obeys normal 

distribution. The model averages the recovery of accounts receivable in the recovery 

period. In our empirical test, we assumed the recovery period was 24 months. We 

used the default rate of reinsurance recoverable to replace the default rate of accounts 

receivable. Thus, we estimated the monthly mean of default rate to be 2% and the 

standard deviation of the default rate to be 0.27%. 

    For reinsurance recoverable, the model assumed that the monthly default risk and 

recovery period obeys the normal distribution. In our empirical test, we assumed the 

mean of the recovery period to be 24 months and the standard deviation of the 

recoverable period to be 12 months. We used the data from the balance sheet and 

schedule F-Part 4 to estimate the mean of the default rate and the standard deviation 
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of the default rate. These values were 2% and 0.27% respectively. 

 Cash and Deposits and Other Assets 

    We input the value for cash and deposits and other assets from the NAIC annual 

statement of 1990. The model assumes no any movement in these items. 

2.3.2 Simulation of Liabilities 

    The model uses claims, categories of reinsurance, and reinsurance expenses to 

structure the liabilities. We calculated written premiums, claims, and reserves etc. for 

each line of business. 

 Claims 

The model developed two alternative approaches: loss ratio approach and 

aggregate loss approach, for measuring the amount of insurers’ claims.  

We used the loss ratio approach to simulate our results. The loss ratio approach, 

the model deemed the loss ratio to follow a normal distribution. When the model 

collected the loss ratio for the first year, it was adjusted by the rate relationship with 

the loss development year. Thus, it obtained the claims through the adjusted loss ratio 

multiplied by the written premiums in the first year7. The model spread the claims 

                                                 
7 The written premiums in the first year of new businesses are estimated by the following formula. 
Written premiums in the first year = Original written premiums*(1+growth rate) where the original 
written premiums are the values from the annual statement; growth rate follows a normal distribution. 
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equally over each month.  

The mean and standard deviation on the loss ratios were estimated by the loss 

and loss expense payments to direct premiums, earned by each company, from 1981 

to 1990.  Other parameters of the loss ratio approach are illustrated in Table2. The 

data came from Best's Aggregates & Average-Property/Casualty and the NAIC annual 

statement. 

 Types of Reinsurance 

The model offers five approaches to reinsurance, including excess of losses 

which exceed specific retention with limited amounts of losses or with no limit on the 

amount of losses; excess of loss which exceed the specific limit (monthly claim to 

written premiums) with rate limit or no rate limit, and quota share. 

We used the quota share to simulate reinsurance. The rate was estimated by the 

ratio of net premiums earned to direct premiums earned; the data came from the 

NAIC annual statement for 1990. 

 Reinsurance Expenses 

     The mean of the difference between losses without reinsurance, and losses with 

reinsurance, were the expected losses. Reinsurance expenses were given by 
LR

R
−1

 

where R is the expected loss and LR  is the expected return of reinsurers.  
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The model simulates the reinsurance expenses with each line of business before 

other stochastic processes. We assumed that LR  was zero in our empirical test. 


