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Forensic economists rely upon discount rates to forecast values that accurately compensate streams of lost earnings.  The methods used to derive these rates are important because economists want to estimate an amount that will accurately compensate for earnings lost.  In wrongful death litigation, accuracy is important for both parties involved; therefore a method that is most accurate is most effective.  Current methods most commonly used include a historical average discount rate method and a current rate method.  These methods have been shown to result in significant errors, which have inconsistently over and under compensated plaintiffs.  The laddered method has not been compared to prior methods.  The purpose of the present analysis is to use hindsight and compare the accuracy of laddered rate versus other methods.
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1. Introduction

The purpose of this research is to measure the accuracy of various methods used to compute discount rates for wrongful death litigation.  It is important for forensic economists to identify discount rates that will precisely account for streams of lost wages of various lengths.  Contributing factors such as work life expectancy, wage growth rates, age earning profile, household expenditures, and leisure are factored into amounts awarded.  However the purpose of this analysis is not to estimate particular lost wages, rather to analyze the methods from which the discount rates are constructed.  Forensic economists strive to award lump sum amounts that will accurately compensate for lost annual wages.  This award must have the ability to fulfill each year’s lost income as well as, upon reinvestment, each year after until expiration.


Comparison of various methods requires that parameters are held equal.  The growth rate of wages is a common factor in wrongful death litigation; this research ignores wage growth expectations and focuses solely upon the impact of using different discount rates.  Prior research in effort to exploit the inaccuracy of a particular method has calculated growth rates.
  The following analysis disregards wage growth in efforts to distinctively measure the ability, or lack thereof, of each discounting method under consideration.


United States Treasury bonds are considered not only a risk-free security, but also, when used with an appropriate method, an accurate source of discount rates.
  These bonds of constant maturity reflect anticipated inflation as well as the future value of current income.
 Forensic economists rely upon the market to successfully account for inflation when formulating interest yields on securities.  Economists have attempted to find which bonds are the best fits for discounting future earnings.  Prior research has shown that the issue of using tax-exempt yields or pre-tax yields should not depend on whether the earnings are before or after tax.
  Whether or not the interest income from the award amount is subject to federal tax is dependent upon the source associated with the rate of return.  Researchers have found that it is nonetheless irrelevant to use pre or post-tax wages; rather it is only important to distinguish which is being used.  The current analysis ignores complications associated with various taxes.
  Treasury bonds of constant maturity have been issued since 1952 and have been used historically to formulate present value of lost wages.  This research will utilize the availability of these interest rates for comparison of each method.  


Periods of considerable, unanticipated inflation can influence yield curves and affect present value estimations.  Measuring inflation is an inherent attribute of interest rates; however periods of hyperinflation will ultimately result in award amounts that significantly underestimate actual compensative values.  Smoothing of interest rates by taking annual averages will help alleviate the inflationary impact, but will not eliminate it.  

A discount method that provides accurate rates is an extremely useful tool.  An accurate method effectively compensates for losses with minimal error.  This precision not only results in fair compensation for those who have suffered the loss, but also prevents the defendant from over awarding.  Accuracy is important for both parties involved and a method that is most accurate is consequently best.  The difficulty of awarding without error exists because of unexpected changes in the market.  The present research examines the ability of commonly used discount rates to award sums accurately, and evaluates each with the same procedures.

2. Literature Review


Economists have contemplated the issue of the appropriate discount rate as well as wage growth rate, work-life expectancy, age-earning profiles, etc.  Using past data to predict the future is a commonly used procedure in these tort cases.  However, prior research argues that it is “generally inappropriate to use past earnings growth rates and interest rates as a basis for estimating future rates without some transformation of the data and subsequent analysis” (Hosek, 1982).  Hosek’s argument legitimizes the purpose of this paper as well as the implementation of a laddered discount method.


Risk analysis is often incorporated with wrongful death and injury cases.  Several researchers have debated the idea of labor being a non-risk-free asset.  Labor itself being inherently risky, has led to conclusions such as, “labor is a non-risk-free asset and investors [in human capital] will require higher expected returns to compensate for their risk” (Jennings, 1989). For example, workers can lose income due to illness, death, layoffs, etc.  The risk associated with labor causes discount rates to be higher than those required to compensate for inflation only.  


Inappropriateness of past data and risk is associated with labor, leads to the inaccuracy of the historical average method.  Just because wages increase steadily for last 10 years does not mean the next 10 years will have identical growth.  “While this historical averages method evidently has been in use for some time, relatively little effort has been expended to assess its degree of accuracy in estimating the lump sum of money actually needed to replace the future lost earnings” (Brush, 2003).  In his analysis, Brush examines the historical average method over periods of 10, 20, and 30 years.  For each time period he also discounts using current Treasury bill rates and intermediate bond rates. He concludes that “Consequently, it [historical average method] should be regarded as a highly inaccurate method, and serious efforts should be made by forensic economists to develop better methods of forecasting interest rates and earnings growth rates, or the relationship between these two variables” (Brush, 2003).  The results from Brush’s study legitimize the purpose of this analysis, which seeks alternative methods of discounting lost future earnings.


In addition to examination of the historical average method, Brush added that periods of historical examination should be equal to those of the future loss.  Brush’s results showed that the 10-year interval produced the least amount of error and bias.  The present analysis builds off of these findings through use of equal 10-year past and future periods.          


David D. Jones (1990) examines the age-earnings distribution as the income stream to be discounted.  He states, “The appropriate discount rate depends upon what is being discounted” (Jones, 1990).  Jones finds that more often than not, wages are not discounted enough because of age earning profiles.  Implementing wage growth into discounting methods increases the number of assumptions associated with future wages.
  Jones finds that using age earning profiles will require higher than average discount rates to yield accurate results.  For example he suggests corporate bonds or a return on a stock/bond portfolio instead.

3. Empirical Analysis

     3.1 Data


Four different measures of the discount rate will be compared.  The data used for this analysis comes directly from the Federal Reserve Board.  The rates used are historical interest rates on Treasury Bonds for the period of 1958-2005.  Two separate periods are considered in this analysis.  The earlier period examines the years 1969-1984; this period will be referred to as the inflationary period. As shown in Figure I, inflation averaged 7.12% during this period. The other interval is for 1985-1996; this will be referred to as the non-inflationary period.  Figure I shows that inflation for this period averaged 3.50%.  Each period uses rates from prior years to calculate historical averages.  The reason for separating the data into two periods is to determine if the level of inflation influences the accuracy of each method.  Each of the methods are examined and compared during the inflationary, non-inflationary, and entire period.

Figure I


[image: image1.wmf]
A ten-year period of lost wages was used in this analysis to determine which method of measuring the discount rate is most accurate.  Assuming that one thousand dollars of annual income needs to be replaced, lump sums are calculated for replacing this amount over ten years or ten thousand total dollars total.  Each year in the lost wage period, the recipient will extract the amount lost for that year ($1,000) and reinvest the remainder of the award for the duration of the ten-year period.  Using the thousand dollar annual amount not only makes the results round and interpretable, but also easily applicable to actual values of lost income.  For every thousand dollars of wages that needs to be replaced, the amounts given in this analysis can be applied to formulate the lump sum.  Using smoothed measures makes an analysis of each method more easily comparable to the others.

  3.2 Methods


Each method in this analysis awards a lump sum that is discounted using various interest rates derived by the method.  This lump sum is used to generate a stream of income that will replace wages that have been lost in result of the tort.  Lump sum awards (LSA) are used to avoid issues associated with actual annual payments.  The calculation of the lump sum award illustrates the significance of choosing the correct rate and thus justifies the purpose of this analysis.

(1.1) 



    LSA = 
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The historical average method (HA), although highly scrutinized, seems reasonable in practice.  This method is based on the assumption that the past will predict the future.  Historical annual average treasury rates were used in this analysis to discount earnings.  The historical average rate for this analysis is a 10 year average beginning ten years prior from the data of discounting.  The average is computed using the one-year interest rate from historical Treasury bonds.  This average rate is then used in a present value formula to calculate lump sum award.

(1.2)
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(1.3)
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Historical averages have high a potential for inaccuracy because inflationary periods will alter averages and inconsistently account for lost wages.  Discounting with historical averages is risky because of the assumption that the next ten years will be, on average, the same as the last ten years.  Brush (2003) proves that it is apparent that the longer the time period, the more inaccurate the historical average method becomes.  The increased length of a period of lost wages will inherently increase the assumption that yields will occur similarly in the future time period as they had in the past.


The current rate method (CR) hypothesizes that the interest rates on Treasury bonds will accurately predict future rates.  This method of discounting uses the interest rate equal to the period of work life expectancy.  This analysis then requires that the current rate method use the 10-year interest rate to discount the award.

(1.4)
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The current rate method relies upon the ability of the market to accurately forecast an interest rate that will effectively account for economic fluctuations.  There is risk associated with using the current rate because it relies solely upon the accuracy of a single rate.  Unanticipated inflation or macroeconomic policy changes could alter business cycles and require different yields then estimated. Equation (1.4) is possibly the simplest of discount methods because it does not require any alteration of the interest rate.  

The laddered rate method (LR) uses a smoothing approach that aims to eliminate reliance upon past values.  This method uses each rate in the period considered to calculate a discount rate.  The theory of using laddered rates comes from using future rates to discount future amounts.  The Treasury bond rates are essentially forecasts of future rates and the laddered rate uses these rates to calculate an award amount. Treasury bond rates are available in several increments of maturity; however the laddered rate calculations require rates for each bond years 1 to 10.  Four, six, eight, and nine-year bonds do not exist for bonds of constant maturity.  Interpolated data was utilized to allow for calculation of the laddered rate.  Every year in the lost wage period contributes equally to the calculation of the award.  The laddered rate method requires interest rates for each individual year.  The interpolated rates are mean values taken from the nearest available rates.  The risk of relying on a single forecasted interest rate is minimized using the laddered method.  Calculating the laddered rate award comes from the addition of discounted amounts for every year in the period. 

(1.5) 
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 An advantage to using the laddered rate method is that it does not depend upon previous yields that may have been subject to inflation or other inaccuracies.  The laddered rate can be calculated for any period using interest rates from various bonds.

Figure II

	 
	 
	Laddered Rate for 1981
	 

	 
	
	
	
	 

	Maturity (yrs)
	Bond rates
	Discount Formula
	
	 

	1
	14.80%
	1000/((1+0.148)^1)
	=
	$871.08

	2
	14.57%
	1000/((1+0.1457)^2)
	=
	$761.83

	3
	14.66%
	1000/((1+0.1466)^3)
	=
	$666.87

	4
	14.36%
	1000/((1+0.1436)^4)
	=
	$584.76

	5
	14.25%
	1000/((1+0.1425)^5)
	=
	$513.71

	6
	14.16%
	1000/((1+0.1416)^6)
	=
	$451.77

	7
	14.07%
	1000/((1+0.1407)^7)
	=
	$397.92

	8
	14.02%
	1000/((1+0.1402)^8)
	=
	$350.07

	9
	13.97%
	1000/((1+0.1397)^9)
	=
	$308.24

	10
	13.92%
	1000/((1+0.1392)^10)
	=
	$271.64

	 
	
	
	
	 

	 
	 
	Laddered Rate Award 
	=
	$5,177.89



This analysis also compares a median laddered rate (MLR) to the rest of the methods.  This method is being analyzed to compare its accuracy and consistency with the laddered rate method.  The median laddered rate uses a single interest rate to discount wages.  This interest rate is the median rate of each bond yield within the ten-years.

 (1.6) 
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This method, if accurate, will allow forensic economist to easily discount with the laddered approach rather than discounting each year within the period.  Median yields allow for application of the laddered method without extensive calculations.  The theory of the median rate is consistent with that of the laddered rate method.  

After calculation of each award amount, it is compared to the hindsight award.  The hindsight award is based actual 1-year interest rates that existed for the 10-year period.  For example, the 10-year bond rate in 1981 was 13.92%.  The current rate method would use one interest rate of 13.92% to calculate the present value.  The hindsight LSA is calculated using the 1-year rates in 1981, 1982 … and 1990.  The 1-year yields are used to find present value amounts that would replace the lost annual wage in each particular year.  The sum of these ten present value amounts is then used as the hindsight award.

(1.7)




[image: image8.wmf] , where α 1 year bond rates
 Hindsight awards provide a benchmark amount for each year that the various methods are compared to.   Hindsight awards allow this analysis to examine performance of methods up to the year 1996.  The actual amount needed to replace lost wages is the primary factor for comparison of the discounting methods.  Each method (HA, CR, LR, MR) estimate is compared to the hindsight award.


Statistical measures of accuracy are used to compare each of the four methods to the hindsight award.  The measures of performance used to compare the discounting methods are: absolute difference, relative error, and award ratio.  The absolute difference is equal to the discount method award minus the hindsight award.  This value indicates the amount that the method either over or underestimated the award.  The purpose of measuring the absolute difference is to capture amounts over and under awarded each year.  The values shown in the results table are averages for each period.  The appendix displays the actual values for each period.  The relative error is the absolute difference divided by the hindsight award.  This percentage indicates the magnitude of the error.  Relative errors show how the absolute difference amount as a percentage of the hindsight award.  The final statistical indicator of accuracy is the award ratio.  The award ratio is equal to the discount method award divided by the hindsight award.  An award ratio that is greater than 1 indicates a windfall to the plaintiff.  An award ratio that is less than 1 indicates a shortfall.  A method that is consistently close to one is considered to be accurate.  Averages of each of these indicators are used to compare the overall performance of each method over time.       

     3.3 Results

Table 1: Measure of Forecast Error: 

Inflationary Period 1969 - 84

	Measure
	Historic Average
	Current 

Yield
	Laddered Rate
	Median Laddered Rate

	Award Mean
	$7,148.51
	$6,482.63
	$6,500.49
	$6,497.46

	Hindsight Mean
	$6,549.68
	$6,549.68
	$6,549.68
	$6,549.68

	Abs. Difference
	$860.12
	$734.30
	$761.69
	$761.23

	Relative Error
	13.27%
	11.16%
	11.60%
	11.58%

	Award Ratio
	1.096
	0.995
	0.998
	0.997


Table 2: Measure of Forecast Error: 

Non- inflationary Period 1985 - 1996

	Measure
	Historic Average
	Current 

Yield
	Laddered Rate
	Median Laddered Rate

	Award Mean
	$6,229.39
	$6,792.31
	$6,889.76
	$6,898.21

	Hindsight Mean
	$7,772.43
	$7,772.43
	$7,772.43
	$7,772.43

	Abs. Difference
	$1,543.04
	$980.11
	$882.67
	$874.22

	Relative Error
	19.86%
	12.60%
	11.35%
	11.24%

	Award Ratio
	0.801
	0.874
	0.887
	0.888


Table 3: Measure of Forecast Error: 

All Years 1969 - 1996

	Measure
	Historic Average
	Current 

Yield
	Laddered Rate
	Median Laddered Rate

	Award Mean
	$6,754.60
	$6,615.35
	$6,667.32
	$6,669.21

	Hindsight Mean
	$7,073.71
	$7,073.71
	$7,073.71
	$7,073.71

	Abs. Difference
	$1,152.79
	$839.35
	$813.54
	$809.65

	Relative Error
	16.09%
	11.78%
	11.49%
	11.44%

	Award Ratio
	0.970
	0.943
	0.950
	0.950



Using the above measures of accuracy, the results for the analysis are as follows.
  On average during the inflationary period, the current rate produces the best estimates and the historical average is obviously the worst.  The current rate’s relative error may be attributed to its remarkable accuracy in years ‘69, ‘70, and ’79.  The historical average was the only method that overcompensated losses.  This overcompensation was approximately 10% and the absolute difference was roughly one hundred dollars greater than that of any other method.  The laddered rate and the median laddered rate yield results that are extremely similar.  The only indication that the current rate is not the best choice for this period is that of the award ratio.  The award ratio indicates that the laddered method will, on average, accurately account for 99.8% of lost wages during the inflationary period.  Differences in performance between the current rate method, the laddered rate, and the median laddered rate can be considered insignificant. Results from the inflationary period are consistent with the theory that the present value of the laddered rate is equal to the present value of the current rate.  


The laddered rate method is, on average, the most accurate during the non-inflationary period.  The historical average produces very poor estimates including an average absolute difference greater than $1,500.  The inaccuracy of the HA is because the award calculation is still using interest rates from the inflationary period.  The average relative error and award ratio for the historical average method are not only worse than the other methods, but also indicative of this method’s inferiority.  The current rate method yields an average absolute difference that is nearly one hundred dollars greater than that of the laddered and median laddered methods.  Problems inherent in dependence on a single rate are illustrated with the current rates poor transition from an inflationary period to a stable one.  Once again the median laddered rate and laddered rate yield similar results, however the median slightly outperforms the laddered rate during this period.  


When the two periods are combined, the laddered rate method again provides the best results.  The historical average method has the highest relative error and largest absolute difference.  Forecasts made with the HA are consistently the least accurate.  The award ratio for this period does not compensate for the inconsistency associated with historical average rates ability to reimburse accurately.  The current rate measures confirm the theory previously stated about current and laddered rates.  The best results come from that of the median laddered rate.  For every period, the laddered rate method had error values less than 15% in 23 out of 28 years.  If these values are removed and the relative error is recalculated, it equals 9.7%.   Consistent error values prove that the laddered rate method is more accurate than other methods and should be implemented in wrongful death litigation.  Throughout the entire period of consideration, the laddered rate method has equally or outperformed all methods in comparison.  Stability and accuracy make the laddered rate method (1.5) the best choice of discounting wages.

4. Conclusion

The purpose of this analysis was to measure the accuracy of various methods used to compute discount rates for wrongful death litigation.  The importance of an appropriate discount rate is shown throughout this analysis.  Analysis of the historical average method shows that it fails to discount accurately when transitioning between periods of inflation and non-inflation.  The forecast errors associated with the HA method are from the HA method’s use of inflationary rates during a non-inflationary period.  When both periods are combined, the HA method yields a high award ratio.  This ratio is misguiding because the HA method continually under awards during periods of inflation, and over awards during non-inflationary periods.  This analysis shows the problems inherent with using a HA discount rate.  The findings in this analysis are also consistent with those of Brush (2003).


This analysis shows that the laddered rate method is slightly more accurate then current rate method.
Figure 3 in the appendix illustrates this analysis’ proof of the theory that laddered rates will equal current rates.  Figure 3 also shows that the LR slightly outperforms the CR in non-inflationary periods. It is important that forensic economists are able to explain the method of discounting to a jury in terms that someone without quantitative analysis training can comprehend.
  This analysis finds that the MLR is extremely close to the LR.  However, the MLR is much easier to use and explain. 

Table 4 – P-values from two-sample t-test: 

Ho: method’s LSA is same as Hindsight LSA

Ha: method’s LSA is not the same as Hindsight LSA

	
	HA
	CR
	LR
	MLR

	Inflation Period 1969-84
	0.0097
	0.7700
	0.8561
	0.8474

	Non-Inflation Period 1985-96
	0.0000
	0.0000
	0.0000
	0.0000

	Total 1969-96
	0.1345
	0.0070
	0.0159
	0.0163



Contrary to the findings in this analysis, the p-value results shown in Table 4 are inconclusive.  The HA method appears to result as statistically indifferent from the hindsight award during the inflationary period.  The p-values of the CR, LR, and MLR show that they are statistically different than the hindsight award during the inflationary period.  The results in Table 4 show that it is inconclusive as to which method is the best.

5. Appendix - A

Table 1A – Historical Average Method (1969-1996)

	Year
	Historical Award
	Hindsight Award
	Absolute difference
	Relative Error
	Award Ratio

	1969
	$7,934.55
	$7,126.73
	$807.82
	11.34%
	1.113

	1970
	$7,843.92
	$6,956.00
	$887.92
	12.76%
	1.128

	1971
	$7,723.24
	$6,742.61
	$980.63
	14.54%
	1.145

	1972
	$7,638.42
	$6,460.95
	$1,177.47
	18.22%
	1.182

	1973
	$7,555.74
	$6,265.22
	$1,290.51
	20.60%
	1.206

	1974
	$7,453.38
	$6,185.57
	$1,267.81
	20.50%
	1.205

	1975
	$7,335.05
	$6,072.34
	$1,262.70
	20.79%
	1.208

	1976
	$7,208.05
	$6,056.04
	$1,152.00
	19.02%
	1.190

	1977
	$7,118.38
	$6,151.35
	$967.02
	15.72%
	1.157

	1978
	$7,041.15
	$6,262.84
	$778.30
	12.43%
	1.124

	1979
	$6,896.48
	$6,368.89
	$527.59
	8.28%
	1.083

	1980
	$6,864.08
	$6,457.25
	$406.83
	6.30%
	1.063

	1981
	$6,738.32
	$6,573.38
	$164.94
	2.51%
	1.025

	1982
	$6,508.18
	$6,773.88
	$265.70
	3.92%
	0.961

	1983
	$6,316.38
	$7,042.46
	$726.08
	10.31%
	0.897

	1984
	$6,200.93
	$7,299.29
	$1,098.36
	15.05%
	0.850

	1985
	$6,071.87
	$7,411.07
	$1,339.20
	18.07%
	0.819

	1986
	$6,004.32
	$7,451.48
	$1,447.16
	19.42%
	0.806

	1987
	$6,002.79
	$7,496.90
	$1,494.11
	19.93%
	0.801

	1988
	$5,978.19
	$7,534.38
	$1,556.19
	20.65%
	0.793

	1989
	$5,967.08
	$7,599.55
	$1,632.47
	21.48%
	0.785

	1990
	$5,990.85
	$7,646.75
	$1,655.90
	21.65%
	0.783

	1991
	$6,064.62
	$7,592.35
	$1,527.73
	20.12%
	0.799

	1992
	$6,224.56
	$7,708.35
	$1,483.79
	19.25%
	0.808

	1993
	$6,389.51
	$7,904.39
	$1,514.88
	19.17%
	0.808

	1994
	$6,538.90
	$8,160.40
	$1,621.50
	19.87%
	0.801

	1995
	$6,697.99
	$8,357.07
	$1,659.08
	19.85%
	0.801

	1996
	$6,821.97
	$8,406.45
	$1,584.48
	18.85%
	0.812

	
	
	
	
	
	

	Average
	$6,754.60
	$7,073.71
	$1,152.79
	16.09%
	0.970


Table 2A – Historical Average Method: Inflation period comparisons

	Year
	Historical Award
	Hindsight Award
	Absolute difference
	Relative Error
	Award Ratio

	1969
	$7,934.55
	$7,126.73
	$807.82
	11.34%
	1.113

	1970
	$7,843.92
	$6,956.00
	$887.92
	12.76%
	1.128

	1971
	$7,723.24
	$6,742.61
	$980.63
	14.54%
	1.145

	1972
	$7,638.42
	$6,460.95
	$1,177.47
	18.22%
	1.182

	1973
	$7,555.74
	$6,265.22
	$1,290.51
	20.60%
	1.206

	1974
	$7,453.38
	$6,185.57
	$1,267.81
	20.50%
	1.205

	1975
	$7,335.05
	$6,072.34
	$1,262.70
	20.79%
	1.208

	1976
	$7,208.05
	$6,056.04
	$1,152.00
	19.02%
	1.190

	1977
	$7,118.38
	$6,151.35
	$967.02
	15.72%
	1.157

	1978
	$7,041.15
	$6,262.84
	$778.30
	12.43%
	1.124

	1979
	$6,896.48
	$6,368.89
	$527.59
	8.28%
	1.083

	1980
	$6,864.08
	$6,457.25
	$406.83
	6.30%
	1.063

	1981
	$6,738.32
	$6,573.38
	$164.94
	2.51%
	1.025

	1982
	$6,508.18
	$6,773.88
	$265.70
	3.92%
	0.961

	1983
	$6,316.38
	$7,042.46
	$726.08
	10.31%
	0.897

	1984
	$6,200.93
	$7,299.29
	$1,098.36
	15.05%
	0.850

	
	
	
	
	
	

	Average
	$7,148.51
	$6,549.68
	$860.12
	13.27%
	1.096

	
	
	
	
	
	

	1985
	$6,071.87
	$7,411.07
	$1,339.20
	18.07%
	0.819

	1986
	$6,004.32
	$7,451.48
	$1,447.16
	19.42%
	0.806

	1987
	$6,002.79
	$7,496.90
	$1,494.11
	19.93%
	0.801

	1988
	$5,978.19
	$7,534.38
	$1,556.19
	20.65%
	0.793

	1989
	$5,967.08
	$7,599.55
	$1,632.47
	21.48%
	0.785

	1990
	$5,990.85
	$7,646.75
	$1,655.90
	21.65%
	0.783

	1991
	$6,064.62
	$7,592.35
	$1,527.73
	20.12%
	0.799

	1992
	$6,224.56
	$7,708.35
	$1,483.79
	19.25%
	0.808

	1993
	$6,389.51
	$7,904.39
	$1,514.88
	19.17%
	0.808

	1994
	$6,538.90
	$8,160.40
	$1,621.50
	19.87%
	0.801

	1995
	$6,697.99
	$8,357.07
	$1,659.08
	19.85%
	0.801

	1996
	$6,821.97
	$8,406.45
	$1,584.48
	18.85%
	0.812

	
	
	
	
	
	

	Average
	$6,229.39
	$7,772.43
	$1,543.04
	19.86%
	0.801


Table 3A – Current Rate Method (1969-1996)

	Year
	Current Award
	Hindsight Award
	Current Absolute Difference
	Relative Error
	Award Ratio

	1969
	$7,131.98
	$7,126.73
	$5.25
	0.07%
	1.001

	1970
	$6,911.34
	$6,956.00
	$44.66
	0.64%
	0.994

	1971
	$7,304.61
	$6,742.61
	$562.01
	8.34%
	1.083

	1972
	$7,287.41
	$6,460.95
	$826.46
	12.79%
	1.128

	1973
	$7,072.54
	$6,265.22
	$807.32
	12.89%
	1.129

	1974
	$6,845.32
	$6,185.57
	$659.74
	10.67%
	1.107

	1975
	$6,713.11
	$6,072.34
	$640.76
	10.55%
	1.106

	1976
	$6,829.74
	$6,056.04
	$773.69
	12.78%
	1.128

	1977
	$6,889.23
	$6,151.35
	$737.87
	12.00%
	1.120

	1978
	$6,587.74
	$6,262.84
	$324.90
	5.19%
	1.052

	1979
	$6,297.96
	$6,368.89
	$70.94
	1.11%
	0.989

	1980
	$5,784.54
	$6,457.25
	$672.71
	10.42%
	0.896

	1981
	$5,232.44
	$6,573.38
	$1,340.94
	20.40%
	0.796

	1982
	$5,424.08
	$6,773.88
	$1,349.80
	19.93%
	0.801

	1983
	$5,864.62
	$7,042.46
	$1,177.84
	16.72%
	0.833

	1984
	$5,545.40
	$7,299.29
	$1,753.89
	24.03%
	0.760

	1985
	$5,984.26
	$7,411.07
	$1,426.81
	19.25%
	0.807

	1986
	$6,811.12
	$7,451.48
	$640.36
	8.59%
	0.914

	1987
	$6,593.63
	$7,496.90
	$903.27
	12.05%
	0.880

	1988
	$6,460.25
	$7,534.38
	$1,074.13
	14.26%
	0.857

	1989
	$6,564.27
	$7,599.55
	$1,035.28
	13.62%
	0.864

	1990
	$6,546.76
	$7,646.75
	$1,099.99
	14.39%
	0.856

	1991
	$6,752.66
	$7,592.35
	$839.69
	11.06%
	0.889

	1992
	$7,020.34
	$7,708.35
	$688.01
	8.93%
	0.911

	1993
	$7,405.63
	$7,904.39
	$498.76
	6.31%
	0.937

	1994
	$6,994.45
	$8,160.40
	$1,165.95
	14.29%
	0.857

	1995
	$7,165.34
	$8,357.07
	$1,191.73
	14.26%
	0.857

	1996
	$7,209.06
	$8,406.45
	$1,197.39
	14.24%
	0.858

	
	
	
	
	
	

	Average
	$6,615.35
	$7,073.71
	$839.35
	11.78%
	0.943


Table 4A – Current Rate Method: Inflation period comparisons

	Year
	Current Award
	Hindsight Award
	Current Absolute Difference
	Relative Error
	Award Ratio

	1969
	$7,131.98
	$7,126.73
	$5.25
	0.07%
	1.001

	1970
	$6,911.34
	$6,956.00
	$44.66
	0.64%
	0.994

	1971
	$7,304.61
	$6,742.61
	$562.01
	8.34%
	1.083

	1972
	$7,287.41
	$6,460.95
	$826.46
	12.79%
	1.128

	1973
	$7,072.54
	$6,265.22
	$807.32
	12.89%
	1.129

	1974
	$6,845.32
	$6,185.57
	$659.74
	10.67%
	1.107

	1975
	$6,713.11
	$6,072.34
	$640.76
	10.55%
	1.106

	1976
	$6,829.74
	$6,056.04
	$773.69
	12.78%
	1.128

	1977
	$6,889.23
	$6,151.35
	$737.87
	12.00%
	1.120

	1978
	$6,587.74
	$6,262.84
	$324.90
	5.19%
	1.052

	1979
	$6,297.96
	$6,368.89
	$70.94
	1.11%
	0.989

	1980
	$5,784.54
	$6,457.25
	$672.71
	10.42%
	0.896

	1981
	$5,232.44
	$6,573.38
	$1,340.94
	20.40%
	0.796

	1982
	$5,424.08
	$6,773.88
	$1,349.80
	19.93%
	0.801

	1983
	$5,864.62
	$7,042.46
	$1,177.84
	16.72%
	0.833

	1984
	$5,545.40
	$7,299.29
	$1,753.89
	24.03%
	0.760

	
	
	
	
	
	

	Average
	$6,482.63
	$6,549.68
	$734.30
	11.16%
	0.995

	
	
	
	
	
	

	1985
	$5,984.26
	$7,411.07
	$1,426.81
	19.25%
	0.807

	1986
	$6,811.12
	$7,451.48
	$640.36
	8.59%
	0.914

	1987
	$6,593.63
	$7,496.90
	$903.27
	12.05%
	0.880

	1988
	$6,460.25
	$7,534.38
	$1,074.13
	14.26%
	0.857

	1989
	$6,564.27
	$7,599.55
	$1,035.28
	13.62%
	0.864

	1990
	$6,546.76
	$7,646.75
	$1,099.99
	14.39%
	0.856

	1991
	$6,752.66
	$7,592.35
	$839.69
	11.06%
	0.889

	1992
	$7,020.34
	$7,708.35
	$688.01
	8.93%
	0.911

	1993
	$7,405.63
	$7,904.39
	$498.76
	6.31%
	0.937

	1994
	$6,994.45
	$8,160.40
	$1,165.95
	14.29%
	0.857

	1995
	$7,165.34
	$8,357.07
	$1,191.73
	14.26%
	0.857

	1996
	$7,209.06
	$8,406.45
	$1,197.39
	14.24%
	0.858

	
	
	
	
	
	

	Average
	$6,792.31
	$7,772.43
	$980.11
	12.60%
	0.874


Table 5A – Laddered Rate Method (1969-1996)

	Year
	Laddered Award
	Hindsight Award
	Laddered Absolute Difference
	Relative Error
	Award Ratio

	1969
	$7,019.51
	$7,126.73
	$107.23
	1.50%
	0.985

	1970
	$6,915.34
	$6,956.00
	$40.66
	0.58%
	0.994

	1971
	$7,359.10
	$6,742.61
	$616.50
	9.14%
	1.091

	1972
	$7,359.60
	$6,460.95
	$898.65
	13.91%
	1.139

	1973
	$7,056.77
	$6,265.22
	$791.55
	12.63%
	1.126

	1974
	$6,783.32
	$6,185.57
	$597.75
	9.66%
	1.097

	1975
	$6,780.48
	$6,072.34
	$708.13
	11.66%
	1.117

	1976
	$6,951.93
	$6,056.04
	$895.88
	14.79%
	1.148

	1977
	$6,999.81
	$6,151.35
	$848.45
	13.79%
	1.138

	1978
	$6,605.95
	$6,262.84
	$343.11
	5.48%
	1.055

	1979
	$6,260.50
	$6,368.89
	$108.39
	1.70%
	0.983

	1980
	$5,774.34
	$6,457.25
	$682.91
	10.58%
	0.894

	1981
	$5,177.89
	$6,573.38
	$1,395.49
	21.23%
	0.788

	1982
	$5,431.89
	$6,773.88
	$1,341.99
	19.81%
	0.802

	1983
	$5,933.52
	$7,042.46
	$1,108.94
	15.75%
	0.843

	1984
	$5,597.93
	$7,299.29
	$1,701.36
	23.31%
	0.767

	1985
	$6,091.85
	$7,411.07
	$1,319.22
	17.80%
	0.822

	1986
	$6,893.88
	$7,451.48
	$557.60
	7.48%
	0.925

	1987
	$6,691.20
	$7,496.90
	$805.70
	10.75%
	0.893

	1988
	$6,537.74
	$7,534.38
	$996.64
	13.23%
	0.868

	1989
	$6,557.21
	$7,599.55
	$1,042.34
	13.72%
	0.863

	1990
	$6,582.43
	$7,646.75
	$1,064.32
	13.92%
	0.861

	1991
	$6,879.37
	$7,592.35
	$712.98
	9.39%
	0.906

	1992
	$7,247.14
	$7,708.35
	$461.21
	5.98%
	0.940

	1993
	$7,607.07
	$7,904.39
	$297.32
	3.76%
	0.962

	1994
	$7,105.31
	$8,160.40
	$1,055.09
	12.93%
	0.871

	1995
	$7,210.57
	$8,357.07
	$1,146.50
	13.72%
	0.863

	1996
	$7,273.32
	$8,406.45
	$1,133.13
	13.48%
	0.865

	
	
	
	
	
	

	Average
	$6,667.32
	$7,073.71
	$813.54
	11.49%
	0.950


Table 6A – Laddered Rate Method: Inflation period comparison

	Year
	Laddered Award
	Hindsight Award
	Laddered Absolute Difference
	Relative Error
	Award Ratio

	1969
	$7,019.51
	$7,126.73
	$107.23
	1.50%
	0.985

	1970
	$6,915.34
	$6,956.00
	$40.66
	0.58%
	0.994

	1971
	$7,359.10
	$6,742.61
	$616.50
	9.14%
	1.091

	1972
	$7,359.60
	$6,460.95
	$898.65
	13.91%
	1.139

	1973
	$7,056.77
	$6,265.22
	$791.55
	12.63%
	1.126

	1974
	$6,783.32
	$6,185.57
	$597.75
	9.66%
	1.097

	1975
	$6,780.48
	$6,072.34
	$708.13
	11.66%
	1.117

	1976
	$6,951.93
	$6,056.04
	$895.88
	14.79%
	1.148

	1977
	$6,999.81
	$6,151.35
	$848.45
	13.79%
	1.138

	1978
	$6,605.95
	$6,262.84
	$343.11
	5.48%
	1.055

	1979
	$6,260.50
	$6,368.89
	$108.39
	1.70%
	0.983

	1980
	$5,774.34
	$6,457.25
	$682.91
	10.58%
	0.894

	1981
	$5,177.89
	$6,573.38
	$1,395.49
	21.23%
	0.788

	1982
	$5,431.89
	$6,773.88
	$1,341.99
	19.81%
	0.802

	1983
	$5,933.52
	$7,042.46
	$1,108.94
	15.75%
	0.843

	1984
	$5,597.93
	$7,299.29
	$1,701.36
	23.31%
	0.767

	
	
	
	
	
	

	Average
	$6,500.49
	$6,549.68
	$761.69
	11.60%
	0.998

	
	
	
	
	
	

	1985
	$6,091.85
	$7,411.07
	$1,319.22
	17.80%
	0.822

	1986
	$6,893.88
	$7,451.48
	$557.60
	7.48%
	0.925

	1987
	$6,691.20
	$7,496.90
	$805.70
	10.75%
	0.893

	1988
	$6,537.74
	$7,534.38
	$996.64
	13.23%
	0.868

	1989
	$6,557.21
	$7,599.55
	$1,042.34
	13.72%
	0.863

	1990
	$6,582.43
	$7,646.75
	$1,064.32
	13.92%
	0.861

	1991
	$6,879.37
	$7,592.35
	$712.98
	9.39%
	0.906

	1992
	$7,247.14
	$7,708.35
	$461.21
	5.98%
	0.940

	1993
	$7,607.07
	$7,904.39
	$297.32
	3.76%
	0.962

	1994
	$7,105.31
	$8,160.40
	$1,055.09
	12.93%
	0.871

	1995
	$7,210.57
	$8,357.07
	$1,146.50
	13.72%
	0.863

	1996
	$7,273.32
	$8,406.45
	$1,133.13
	13.48%
	0.865

	
	
	
	
	
	

	Average
	$6,889.76
	$7,772.43
	$882.67
	11.35%
	0.887




Table 7A – Median Laddered Rate – (1969-1996)

	Year
	Median Award
	Hindsight Award
	Median Absolute Difference
	Relative Error
	Award Ratio

	1969
	$7,013.85
	$7,126.73
	$112.88
	1.58%
	0.984

	1970
	$6,908.18
	$6,956.00
	$47.83
	0.69%
	0.993

	1971
	$7,347.03
	$6,742.61
	$604.42
	8.96%
	1.090

	1972
	$7,353.12
	$6,460.95
	$892.17
	13.81%
	1.138

	1973
	$7,066.80
	$6,265.22
	$801.58
	12.79%
	1.128

	1974
	$6,772.06
	$6,185.57
	$586.49
	9.48%
	1.095

	1975
	$6,767.97
	$6,072.34
	$695.62
	11.46%
	1.115

	1976
	$6,946.32
	$6,056.04
	$890.28
	14.70%
	1.147

	1977
	$7,007.38
	$6,151.35
	$856.02
	13.92%
	1.139

	1978
	$6,608.38
	$6,262.84
	$345.54
	5.52%
	1.055

	1979
	$6,278.80
	$6,368.89
	$90.10
	1.41%
	0.986

	1980
	$5,782.14
	$6,457.25
	$675.11
	10.46%
	0.895

	1981
	$5,174.65
	$6,573.38
	$1,398.73
	21.28%
	0.787

	1982
	$5,424.08
	$6,773.88
	$1,349.80
	19.93%
	0.801

	1983
	$5,927.08
	$7,042.46
	$1,115.38
	15.84%
	0.842

	1984
	$5,581.51
	$7,299.29
	$1,717.78
	23.53%
	0.765

	1985
	$6,088.22
	$7,411.07
	$1,322.85
	17.85%
	0.822

	1986
	$6,908.18
	$7,451.48
	$543.30
	7.29%
	0.927

	1987
	$6,706.30
	$7,496.90
	$790.60
	10.55%
	0.895

	1988
	$6,550.40
	$7,534.38
	$983.98
	13.06%
	0.869

	1989
	$6,556.97
	$7,599.55
	$1,042.58
	13.72%
	0.863

	1990
	$6,588.48
	$7,646.75
	$1,058.27
	13.84%
	0.862

	1991
	$6,880.57
	$7,592.35
	$711.78
	9.38%
	0.906

	1992
	$7,256.60
	$7,708.35
	$451.75
	5.86%
	0.941

	1993
	$7,632.52
	$7,904.39
	$271.87
	3.44%
	0.966

	1994
	$7,107.12
	$8,160.40
	$1,053.28
	12.91%
	0.871

	1995
	$7,219.21
	$8,357.07
	$1,137.86
	13.62%
	0.864

	1996
	$7,283.98
	$8,406.45
	$1,122.47
	13.35%
	0.866

	
	
	
	
	
	

	Average
	$6,669.21
	$7,073.71
	$809.65
	11.44%
	0.950


Table 8A – Median Laddered Rate: Inflation period comparisons

	Year
	Median Award
	Hindsight Award
	Median Absolute Difference
	Relative Error
	Award Ratio

	1969
	$7,013.85
	$7,126.73
	$112.88
	1.58%
	0.984

	1970
	$6,908.18
	$6,956.00
	$47.83
	0.69%
	0.993

	1971
	$7,347.03
	$6,742.61
	$604.42
	8.96%
	1.090

	1972
	$7,353.12
	$6,460.95
	$892.17
	13.81%
	1.138

	1973
	$7,066.80
	$6,265.22
	$801.58
	12.79%
	1.128

	1974
	$6,772.06
	$6,185.57
	$586.49
	9.48%
	1.095

	1975
	$6,767.97
	$6,072.34
	$695.62
	11.46%
	1.115

	1976
	$6,946.32
	$6,056.04
	$890.28
	14.70%
	1.147

	1977
	$7,007.38
	$6,151.35
	$856.02
	13.92%
	1.139

	1978
	$6,608.38
	$6,262.84
	$345.54
	5.52%
	1.055

	1979
	$6,278.80
	$6,368.89
	$90.10
	1.41%
	0.986

	1980
	$5,782.14
	$6,457.25
	$675.11
	10.46%
	0.895

	1981
	$5,174.65
	$6,573.38
	$1,398.73
	21.28%
	0.787

	1982
	$5,424.08
	$6,773.88
	$1,349.80
	19.93%
	0.801

	1983
	$5,927.08
	$7,042.46
	$1,115.38
	15.84%
	0.842

	1984
	$5,581.51
	$7,299.29
	$1,717.78
	23.53%
	0.765

	
	
	
	
	
	

	Average
	$6,497.46
	$6,549.68
	$761.23
	11.58%
	0.997

	
	
	
	
	
	

	1985
	$6,088.22
	$7,411.07
	$1,322.85
	17.85%
	0.822

	1986
	$6,908.18
	$7,451.48
	$543.30
	7.29%
	0.927

	1987
	$6,706.30
	$7,496.90
	$790.60
	10.55%
	0.895

	1988
	$6,550.40
	$7,534.38
	$983.98
	13.06%
	0.869

	1989
	$6,556.97
	$7,599.55
	$1,042.58
	13.72%
	0.863

	1990
	$6,588.48
	$7,646.75
	$1,058.27
	13.84%
	0.862

	1991
	$6,880.57
	$7,592.35
	$711.78
	9.38%
	0.906

	1992
	$7,256.60
	$7,708.35
	$451.75
	5.86%
	0.941

	1993
	$7,632.52
	$7,904.39
	$271.87
	3.44%
	0.966

	1994
	$7,107.12
	$8,160.40
	$1,053.28
	12.91%
	0.871

	1995
	$7,219.21
	$8,357.07
	$1,137.86
	13.62%
	0.864

	1996
	$7,283.98
	$8,406.45
	$1,122.47
	13.35%
	0.866

	
	
	
	
	
	

	Average
	$6,898.21
	$7,772.43
	$874.22
	11.24%
	0.888


Figure III
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� Wolfgang Franz, 1978, found that the close correlation of wage growth and interest rates allowed for the absence of one while conducting discount rate analysis.


� Conservative debt instruments, such as government securities, are widely used by experts and further considered to yield low-risk discount rates. 


� Frank Falero, 1996, states that US Treasury Bonds of constant maturity are one type of security that he commonly uses for discounting future earnings.


� Lambrinos and Harmon, 1989, argue that taxes being deducted from earnings are an entirely separate issue, which varies greatly across states.  


� The deductions of both federal and state taxes are not within the scope of this analysis. Tax complications will be therefore omitted throughout this research.


� Jennings, 1989, presents assumptions such as: annual pay increases, no advancement of position, same company and region, and equal annual expenditures.  Wage growth requires assumptions that may be required for individual assessment of future lost wages, but not for this analysis. 


� The analysis of the various methods follows the formatting and measures established by Brush, 2003, and Dulaney, 1987.


� Frank Falero, 1996, points out that one relevant criterion to selecting discount rates is that all members in the court of law must readily understand it.
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