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ABSTRACT 
Litigation, expert witness work, and resolution in wrongful death cases, requires estimation of the amount of 

loss. That loss results from loss of income that the deceased would have earned had he/she remained alive. The 

crucial modeling problem is the uncertainty of the future income, and the change of it resulting from death or 

injury. In this work, we apply the theory of stochastic processes to this problem. We consider the case of a single 

payment, and a series of level payments, corresponding to common methods of payments of awards in loss 

litigation. We establish the discounting procedure for the value of future salary, and apply stochastic simulation 

to determine loss in case of wrongful death. We consider discounting with a single interest rate, and discounting 

when interest rates are modeled with a stochastic process. We also show that the models can be extended to 

injury as well as other liability cases. 

 

INTRODUCTION 
 

Litigation of wrongful death and injury results in an important problem of determining the loss amount to be 

compensated. The loss considered usually refers to income loss of affected wrongful death or injury persons 

minus his (or her) consumption. Because the income loss of affected persons is dynamic, that is to say, the 

income changes over time, we must consider the dynamic change of interest rate and salary income 

comprehensively. In this article, we determine the loss compensated by quantity analysis and establishing 

dynamic model of income loss of wrongful death. It should be noticed that it is an important work to analyze the 

changing pattern of salary rate with time and forecast the income loss that should be compensated. There are 

several articles that have studied this aspect. [2] proposed parameter estimation of salary function, [5] proposed 

log wage equation and [3] investigated income model of auto-correlation   Y(t) = a+ bY(t −1) + e
t �� where   Y(t)  

is the income, a and b are constants and et is random error at time t. He pointed out that there existed some 

limitation for auto correlation model, because many economic time series are non-stationary. The results he 

analysis related change of the series data of wage rates with years supported the assumption of random walk 

model. Similar research was discussed by Horvitz in [4]. He investigated the geometric Brownian described by 

the following model   Y (t) = Y (0)e
a!

1
2

b2"

#$
%

&'
t+bz (t )

,where z(t)�j N(0,t). Another important issue is how to determine 

the discount value of income except for forecasting the change pattern of wage income with the time. In this 

article, we establish dynamic compensation models of wrongful death based on the assuming that discount rate 

is a constant and a stochastic process respectively. We also assume that the increase rate of wage is a stochastic 

process and there exists correlation between the discount rate and the increase rate of wage. The models 

established including the forms of a lump-sum payment and level payment. The calculating methods can be 

easily extended to the case of wrongful injury. 



   

 

1. Models of a lump sum payment 
 

Assuming that the interest rate is a constant 
 
Assume that a person died in life hurt at age . The compensation paid to his legitimate successor should be 

equal to the present value of his cumulative income from the date of his death to the date of his retirement that 

includes premium for retirement annuity minus his consumption. Here we neglect the additional payment for 

pain and suffering to survivors. We also consider the probability that he dies in other accident or illness. 

Assume that the increase rate of wage can be written as the following form [6]: 
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where 
  W0  is the level of the wage of affected person when wrongful death event occurs. When 

 
µWt

= µW  and 
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W  are constant�� the stochastic differential equation (1) has the unique solution based on ItoÕs Lemma 
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Assume that the random variable 
 
T

x  expresses the survival time if the affected person aged  x  does not die in 

life hurt. Let px+t = Pr t ! Tx < t +1( )  express the probability that a person aged  x  survives  years. The 

values of  px+t  can be found from the life tables. Here we also assume that  Tx  is a random variable that is 

independent of the wage and the interest rate. Assume that the age of retirement is  and the risk free interest 

rate is , then the discount factor calculated by continuous interest rate can be expressed as   e
! rt .  To simplify 

analysis, assume that the consumption for a person is  h  percent of his wage. Let   P1  be the present value of 

compensation of wrongful dearth with a single payment, then 
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where  E denotes the expected value. Let  
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where 
  
k

1  is called as the factor of the compensation of the wrongful death with a single payment. By 



   

combining equation (5) with (4), we obtain the following equation: 

  P1
= W

0
(1! h)k

1                                             (6) 

 

Assuming that the interest rate is a stochastic process 
 
As the cumulative calculating term of the compensation for wrongful dearth is very long, it is very important to 

consider the undetermined characteristic of the interest rate. It will affect the discount value of the compensation. 

Now we assume that the real interest rate can be expressed as the following stochastic differential equation: 
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(see [1]) where dzr  is a standard Wiener process�� σ r  is the standard deviation of interest rate, µr  is the 

equilibrium interest rate of long term and !  is the speed that the real interest rate recoveries to the equilibrium 

interest rate of long term. The factor of stochastic discount calculating with continuous interest rate can be 

expressed as e
! ru du

0

t

"
.  Assume that the increase rate of the wage satisfies with equation (3), the instant 

correlation coefficient between the wage and the interest rate is ! rW  and other assumptions are same as in 

section 1. Then the present value of the compensation for wrongful death is 
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The paper [7] indicates that if the stochastic interest rate   r(t)  follows the stochastic process given by equation 

(7), the factor of stochastic discount is  
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Therefore, 
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By combining equation (3) with equation (10), we obtained 
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Let  
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where 
  k2 is referred as the factor of compensation for wrongful death when the interest rate is a stochastic 

process. By combining equation (12) with equation (13), we obtain 
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Solution of (13) is obtained with the help of Monte Carlo simulation. 

 

2. Models of compensation for wrongful dearth with level payment in n years 
 

Because the way of a lump sum payment needs obligators to pay a lot of money one time, sometimes, it is 

difficult to redeem. One effective method to solve this problem is to take the form of periodical payment. 

Assume that the age the obligator begins to pay the claim is y, 
 
py+t  expresses the probability that the obligator 

aged survives  years, and the value of periodical payment paid at the beginning of each year is   AP.  

 

Assuming the interest rate is a constant 
 
The sum of present value that one dollar is paid at the beginning of each year within  n  years equals 

  
1+ py+te
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Based on the principles of actuarial science, the value paid at the beginning of each year by the obligator should 

be equal to the value paid at the form of a lump sum divided by the sum of present value that one dollar is paid 

at the beginning of each year within  n  years. That is  
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Let  
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where   k3  is called as the factor of compensation for the wrongful death when the interest rate is a constant. By 

combining equation (15) and equation (16), we obtain 
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Assuming the interest rate is a stochastic process 
 
The sum of present value of one dollar paid at the beginning of each year within  n  years equals 
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Divided by equation (18), the equation (11) becomes��  
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Let  
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where 
  
k

4   is called as the factor of compensation for the wrongful death when the interest rate is a stochastic 

process. By combining equation (19) with equation (20), we obtained 

  AP2 = W0 (1 ! h)k4 .                                            (21) 

 

3. Calculation of the compensation for wrongful death 
 

Assume  ! = 0.1," r = 0.015," W = 0.01, µr = 0.035, µW = 0.01, #rW = 0.2, =50,  m= 60. When the interest rate 

is a constant,  r  = 0.035. When the interest rate is a stochastic process, the initial level of the interest rate   r0 = 

0.03. The probability that the persons aged and  survive  years can be found from life tables. Table 1 

and Figure 1 lists the values of the factors of the compensation for the wrongful death 
  
k1, k2 , k3,and k4  

calculated with the help of Monte Carlo simulation and equations of (5), (12), (16) and (20), where the death age 

   x = 45  55.  Letting the initial wage level when the affected person dies 
  
W
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illustrated in Table 2. Figure 2 is the description of the simulation of stochastic processes when calculating the 

factors of the compensation for wrongful death. Similarly, we can obtain the values of the compensation for the 

wrongful death when the parameters take other values. 

 

 

 

 

 

 



   

TABLE 1: THE VALUES OF 
  
k1,k2,k3,and k4

 FOR DIFFERENT  x  VALUES 

Source: AuthorsÕ calculation 

x 45 46 47 48 49 50 

k1 14.1515 13.1225 12.0709 11.1060 10.1367 9.2254 

k2 12.3589 11.6621 10.9577 10.2355 9.4948 8.7353 

k3 3.0120 2.7925 2.5690 2.3628 2.1577 1.9631 

k4 2.6583 2.5117 2.3600 2.2044 2.0449 1.8813 

x 51 52 53 54 55  

k1 8.2970 7.3888 6.4928 5.5927 4.6842  

k2 7.9581 7.1589 6.3406 5.5018 4.6413  

k3 1.7660 1.5729 1.3815 1.1900 0.9971  

k4 1.7139 1.5418 1.3656 1.1849 0.9996  

 

TABLE 2: FACTORS OF COMPENSATION FOR WRONGFUL DEATH UNDER 
DIFFERENT ASSUMPTIONS 
              Way of payment  

A lump sum payment Level payment within n 

years 

The interest rate is a 

constant 

          k1           k3 

The interest rate is a 

stochastic process 

          k2           k4 

 

FIGURE 1: THE VALUES OF  FOR DIFFERENT  VALUES 

Source: AuthorsÕ calculations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

FIGURE 2: STOCHASTIC SIMULATION OF THE FACTOR  

Source: AuthorsÕ calculations 

 

 

 

 

 

 

 

 

 

                     
 
 
 
 
 
 

Conclusions 
 
In this article, we apply the stochastic process theory and establish the stochastic models of the compensation 

for the wrongful death with a lump sum payment and level payment. We also calculate the factors of the 

compensation for the wrongful death 
  
k1, k2 , k3,  and k4  under various assumptions. Multiplying the factors of 

the compensation for the wrongful death by the difference between the initial level of the wage and consumption 

of the dead person, we can get the values of the compensation for the wrongful death. The modeling and 

calculating process discussed above can be applied to the calculation of compensation for the injury case. 
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