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Abstract 

This paper presents an affirmative argument supporting the use of a historical net discount rate (NDR) to 
calculate the present value of future lost earnings or medical care costs.  The argument relies on two 
axiomatic propositions:   

(1) No one knows what the plaintiff’s or decedent’s future earnings would have been or what the 
plaintiff’s future medical care costs will be; and  
 

(2) The investment return a plaintiff will receive in the future is unknown. 
 
These propositions lead directly to the conclusion that the best anyone can do is estimate the expected 
present value of a future loss, which is the basis for the affirmative argument supporting the use of a 
historical NDR.  The paper concludes by outlining a means by which the historical NDR may be 
implemented that is consistent with this argument. 
 

Modified to correct Tables 3 through 6 and to make it clear that the  
present value factor and growth rates are negatively correlated. 
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Introduction 

Most, though not all, forensic economists fall into one of two groups:  (1) those who rely on a historical 
net discount rate (NDR) to calculate the present value of future lost earnings or medical care costs; and 
(2) those who rely on average historical or forecasted growth rates to project losses into the future and 
current interest rates to discount the future losses to the present.1  This dichotomy has existed almost since 
forensic economics began to be established as a separate/distinct discipline.  For example, Nowak (1991) 
concluded that a fixed net discount rate cannot be used as a general rule for calculating monetary awards, 
while Pelaez (1991) held that interest rates, wage growth, and inflation are unit root processes making 
long-run forecasts difficult and that the ratio of the earnings growth rate to the discount rate – the net 
discount rate – was stationary.  More recently, Baumann and Schap (2014 and 2015) have presented 
evidence concerning the stationarity of both earnings and medical NDRs, while Krueger (2016) has 
(prematurely) retired the NDR to the dust bin of failed methodologies.  Even though it is almost certain 
that the disagreement between these two groups will never be resolved, this paper presents an affirmative 
argument supporting the use of the NDR approach, and outlines a means by which it may be implemented 
that is consistent with this argument. 

Foundational Propositions 

The argument for use of the NDR rests on two axiomatic propositions:   

(1) No one knows what the plaintiff’s or decedent’s future earnings would have been or what the 
plaintiff’s future medical care costs will be; and  

(2) The investment return a plaintiff will receive in the future is unknown. 

Proposition 1 is clearly self-evident.  Future earnings will depend not only on the growth in some base or 
starting level of earnings but also on the occurrence or avoidance of the risk that the plaintiff might die, 
not be an active labor force participant even if alive, or that the plaintiff might be unemployed even if 
active in the labor force.  Likewise, future medical costs depend not only on the growth rate used to 
project those costs, but also on the plaintiff’s medical progress and mortality risk. 

Proposition 2 is also clearly self-evident.  Even if we had perfect foresight concerning the total future 
returns of all possible investment instruments, we could not know what the plaintiff’s future total returns 
will be since we do not know how any award or settlement amount will be invested initially.  Indeed, 
even if we knew the composition of the initial investment portfolio, we still could not know what the 
plaintiff’s future total returns will be since we do not know how that portfolio will change as time passes.  
This is easily seen by considering Figure 1, which is a representation plaintiff’s portfolio choice decision: 

 
                                                           
1  Included in the first group are those forensic economists who rely on historical average values of both growth and 

discount rates since this approach is mathematically equivalent to use of a historical NDR.  Likewise, as explained 
below, the second group includes those forensic economists who rely on both a forecasted growth rate and 
forecasted interest rates.  Finally, not all forensic economists deal with lost future earnings or future medical costs 
and, consequently, may not fall into either group. 
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This diagram, which should be familiar to most forensic economists, depicts the basic result of modern 
portfolio theory that all but the most risk-averse investor will hold a portfolio consisting of both risk-free 
and risky assets. The vertical axis in this figure measures the expected total return on a portfolio, while 
the horizontal axis corresponds to the portfolio’s risk. The curves labeled I1 and I2 represent indifference 
curves between risk and return for an individual investor. They are upward sloping because it is assumed 
that the individual is risk-averse – that is, in order to willingly take on more risk, an increase in the 
expected total return is required. And, like all indifference curves for a given individual, they cannot 
cross.  

Note that a completely risk-averse individual would have a single indifference curve corresponding to the 
vertical axis, indicating that he will only hold the risk-free asset. Typically, the risk-free asset is described 
as a near-cash substitute such as short-term Treasury bills. However, it can also be thought of as a 
portfolio of Treasury securities if “risk” is defined to refer to the risk of default rather than the variation in 
the total expected portfolio return. 

The upward-sloping portion of the red hyperbola is the efficient frontier – it is the set of portfolios of 
risky assets each with the feature that no other portfolio exists with a higher expected return for a given 
degree of risk. In the absence of a risk-free asset, the investor will choose a portfolio on the efficient 
frontier that is just tangent to an indifference curve: all other indifference curves will either be higher and 
consequently unachievable, or lower, producing less benefit or “utility” to the investor.  The point rRF on 
the vertical axis is the expected return of the risk-free asset. The solid blue line that goes through this 
point and is tangent to the efficient frontier is known as the Capital Market Line (CML).  (This line is also 
called the Capital Allocation Line or CAL).  It shows the return and risk combinations of portfolios made 
up of the risk-free asset and the market portfolio (point M) of all risky assets.  With a risk-free asset, the 
CML becomes the efficient frontier.  Unless an investor is completely risk-averse (i.e., has a return/risk 
indifference curve lying along the vertical axis), the optimal utility-maximizing portfolio, R, will be some 
combination of the risk-free asset and the market portfolio of risky assets at point M.  And, because rRF 
and the efficient frontier will shift through time, the combination of the risk-free asset and the market 
portfolio of risky assets will change through time.  Consequently, even if we knew the initial composition 
of the plaintiff’s investment portfolio, we cannot know its composition as time passes and therefore 
cannot know the total return a plaintiff will receive in the future. 

It is clear from the above that both the future losses and the plaintiff’s future total returns are random 
variables.  That is, they are variables whose values depend on outcomes of random phenomena.  It 
follows then, that the present value of the future losses is also a random variable and that the best anyone 
can do is to estimate the expected present value of a future loss – in order to do better than estimating the 
expected present value of a future loss one would, at a minimum, have to know what the plaintiff’s or 
decedent’s future would have been but for the event that gave rise to the tort.  Clearly, no one knows this. 

The Affirmative Argument 

We can state the above conclusion more formally by letting Lt be the future loss in loss year t, and Kt be 
the corresponding present value factor (a function of the discount rate) constructed in a way such that the 
present value, Pt, of Lt equals the product Kt · Lt.  (Note that Kt is an inverse function of the discount rate.) 
It follows then that: 

(1) E(Pt) = E(Kt · Lt) where E( ) denotes the expected value.  From this, it follows that: 

(2) E(Pt) = E(Kt) · E(Lt) + Cov(Kt,Lt) where Cov( ) denotes the covariance.2   

                                                           
2 For any two random variables, X and Y,  

  Cov(X,Y) = E[(X-E[X])·(Y-E[Y])] = E[X·Y-Y·E[X]-X·E[Y]+E[X]·E[Y]] 
      = E[X·Y]-E[Y]·E[X]-E[X]·E[Y]+E[X]·E[Y] 
         = E[X·Y]-E[X]·E[Y] which gives: 
  E[X·Y]=E[X]·E[Y]+Cov(X,Y) or the result relied on in (2) above with X= Kt and Y= Lt. 
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In other words, even if Kt and Lt equal their expected values, any estimate based on their individual 
values will be biased downwards if the covariance between Kt and Lt is positive, and biased upwards if it 
is negative.3  If Lt is a function of future growth in wages or medical costs, the covariance between Lt and 
the discount rate will be positive for several reasons. 
 
First, consider the Fisher equation: 

(1+ i) = (1 + r) · (1 + e) 

where “i” is the nominal rate of interest; “r” is the real rate of interest; and “e” is expected inflation.  This 
shows that expected inflation is the link between nominal interest rates and expected nominal growth 
rates.  Because these two variables are positively correlated, and because Kt is an inverse function of i, 
the covariance between Kt and Lt will be negative, and the estimated value of Pt will be biased upwards if 
it is based on individual values of Kt and Lt and if Lt is a function of future economic growth and 
inflation.4 

 
Second, the real interest rate is determined by the supply of capital (savings) and the demand for capital 
(investment).  Because expected future economic growth is a determinant of both savings and investment, 
the real rate of interest and expected real growth rates are positively correlated.  Once again, if Lt is a 
function of future growth in wages or medical costs, the covariance between Kt and Lt will be negative 
and the estimated value of Pt will be biased upwards.   

 
If Kt is expressed on a net discount rate basis, and if the NDR is stationary, Lt will not be a function of 
future economic growth or inflation, and Cov(Kt,Lt) will equal zero.  Consequently, use of an NDR 
eliminates the bias in the estimated value of Pt.  Note that it is necessary to test the NDR for stationarity 
because it is a forecast of the difference between the growth rate and the discount rate.  Clearly, if the 
NDR is not expected to be stable about some mean, but is instead nonstationary, a forecast based on its 
mean will not be meaningful.  Put differently, E(Kt) in (2) above would not be a constant. 
 
An astute reader will note that a given NDR and separate discount and growth rates which produce the 
same NDR will produce the same results and conclude that adopting the NDR approach adds nothing 
meaningful to the estimation process.  The flaw in this logic is that the separate discount and growth rates 
need to be consistent – that is, the expectations for economic growth and inflation underlying the chosen 
discount rate must be consistent with the chosen growth rate.  Often, this is clearly not the case, with an 
extreme example being current interest rates relied on for discounting and with average growth rates 
calculated over a fifty-year period used to project losses into the future.  While this example presents an 
obvious disconnect between the two variables that determine the NDR which produces identical results as 
applying the growth and discount rates separately, it is not farfetched since the choice of discount and 
growth rates are often done in isolation of each other.5  Again, this need for consistency between the 
discount and growth rates underlying the NDR translates into a requirement that the NDR be stationary. 
 
 
 
                                                           
3 Of course, such an estimate may founder for other reasons – for example, the underlying forecasted growth rate 

may be in error or simply unsupported. 
 
4 The bias is upwards because the resulting estimate of the present value is missing the third term of the right side of 

(2) above.  Because this term is negative, the resulting present value estimate is overstated when it is omitted. 
 
5 Some forensic economists rely on forecasts of both growth and interest rates taken from the same source.  While 

this would seem to meet the requirement of consistency, it is not possible for the forensic economist to reach this 
conclusion without knowledge of the assumptions that went into the growth and interest rate forecasts and the 
specification of the underlying model, assuming that such a model exists. 
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Implementing the NDR Approach 

Implementing the NDR approach requires completion of three separate tasks:  (1) identification of the 
expected returns the plaintiff will receive in the future; (2) determination of an NDR based on this 
expected return; and (3) testing the NDR for stationarity.  Unlike the conclusion that use of separate 
growth and discount rates leads to biased estimates of the estimated present value of the plaintiff’s future 
losses, the means of completing these three tasks is not clear cut.  The remainder of this paper presents a 
possible approach to accomplishing each of these three tasks. 

The Plaintiff’s Expected Future Returns 

As noted earlier, while we cannot know what the plaintiff’s future total returns will be, we do know that 
all but the most risk-averse investor will hold a portfolio consisting of both risk-free and risky assets.  
Consequently, and barring constraints to the contrary, the present value of the future losses should be 
based on a discount rate that reflects the total returns on such a portfolio. 

The key phrase in the above statement is “barring constraints to the contrary”.  Forensic economists are 
constrained in their choice of a discount rate.  Specifically, Jones & Laughlin Steel Corp. v. Pfeifer (103 
S. Ct. 2541, or 462 U.S. 523, 1983) found: 
 

The discount rate should be based on the rate of interest that would be earned on "the best 
and safest investments."  Once it is assumed that the injured worker would definitely 
have worked for a specific term of years, he is entitled to a risk-free stream of future 
income to replace his lost wages; therefore, the discount rate should not reflect the 
market's premium for investors who are willing to accept some risk of default. 

Thus, even if the plaintiff can reasonably be expected to invest an award in a portfolio of both risk-free 
and risky assets, it is clear that the present value of the plaintiff’s expected losses should be calculated on 
the basis of a default-free rate such as a U.S. Treasury rate.6  Although Pfeifer imposes a default-free 
constraint on the discount rate(s) used in the present value calculations, it is silent on the mix of such 
qualifying securities.  Moreover, because the plaintiff’s cash flow needs will almost certainly vary from 
the projected losses, it is reasonable to expect that the plaintiff will sell securities held in the portfolio 
before they mature or have excess cash to reinvest.  Thus, at a minimum, the forensic economist must be 
concerned with the expected total return on a portfolio of U.S. Treasuries, or other suitable securities, and 
the first step in implementing the NDR approach is to identify a proxy, or surrogate, for the total return of 
such a portfolio.7   

One source of historical data on the total return on a portfolio of U.S. Treasuries is Duff & Phelps’ SBBI 
valuation yearbook:  this publication contains the monthly total returns realized from holding portfolios of 
U.S. Treasury bills, intermediate U.S. bonds (actually, notes), and long-term U.S. Treasury bonds.  
Specifically, Duff & Phelps’ three total-return series correspond to the combined income and capital 
appreciation returns from holding 1-month Treasury bills, 5-year U.S. Treasury notes, and 20-year U.S. 

                                                           
6 The “best and safest” language in Pfeifer is taken from Chesapeake & Ohio R. Co. v. Kelly (241 U.S. 485, 1916), 

which found: “. . . And the putting out of money at interest is at this day so common a matter that ordinarily it 
cannot be excluded from consideration in determining the present equivalent of future payments, since a 
reasonable man, even from selfish motives, would probably gain some money by way of interest upon the money 
recovered. Savings banks and other established financial institutions are in many cases accessible for the deposit of 
moderate sums at interest, without substantial danger of loss; the sale of annuities is not unknown; and, for larger 
sums, state and municipal bonds and other securities of almost equal standing are commonly available.”  Note that 
the potential financial institution deposits and all of the listed securities have some degree of default risk, as do 
U.S. Treasury securities.  This risk can be diminished through diversification and by selecting only the most 
credit-worthy issuers. 

7 Setting Pfeifer aside, another reason to use the return on a portfolio of Treasury securities as the basis for 
discounting is that it serves as a threshold for evaluating the investments held in the plaintiff’s portfolio.  That is, it 
serves a role similar to the cost of capital in a firm’s evaluation of a prospective investment project. 
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Treasury bonds.8  The monthly total return for each of these series is shown in Figure 2 below, for the 
period from April 1953 through December 2019: 
Figure 2 - Duff & Phelps’ Bills, Intermediate & Long-Term Returns   

                                                           
8 The Treasury-bill total return is based on a one-bill portfolio consisting of the bill with the shortest maturity not 

less than one month.  The intermediate-bond total return is based on a one-note portfolio consisting of the 
noncallable note with the shortest maturity not less than five years.  The long-term-bond portfolio is based on a 
one-bond portfolio consisting of the bond with a maturity of approximately 20 years. 
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Beyond showing that the intermediate and long-term returns appear to be stationary and more volatile 
than the total returns for bills, Figure 2 is not very useful.  A more interesting portrayal of the data appears 
in Figure 3 below: 
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Figure 3 - Rolling Portfolio Returns versus U.S. Treasury Yields 
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The charts in the first column of Figure 3 compare the 1-year Treasury rate with the subsequent 1-year 
return of three portfolios consisting entirely of bills, intermediate Treasury securities and long-term 
Treasury securities, based on Duff & Phelps’ monthly total return data.  The charts in the center column 
compare the 5-year Treasury rate with the subsequent 5-year returns of the same portfolios, and the charts 
the rightmost column make the same comparison for the 10-year Treasury rate and 10-year portfolio 
returns. 
 
Except for the 1-year return on a portfolio consisting only of Treasury bills, Figure 3 shows that the 1-
year Treasury rate is not a good proxy for the expected return on a portfolio of U.S. Treasury securities 
over a 1-year investment horizon.  That is, the 1-year Treasury rate does not track the 1-year return of 
portfolios consisting of intermediate and long-term securities.  However, for the 5- and 10-year horizons, 
both the 5-year and 10-year Treasury rates track the realized returns whether the portfolio consists 
entirely of bills, intermediate or long-term securities. 
 
Even if the initial maturity mix of a plaintiff’s investment portfolio were known to consist entirely of 
bills, intermediate Treasury securities or long-term Treasury securities, the portfolio’s composition can be 
expected to change through time as individual holdings age or are sold, and as new securities are 
purchased.  Consequently, because each of the Duff & Phelps series is based on a single maturity, none of 
them on their own serve as an estimate of the returns that a portfolio of U.S. Treasuries would have 
produced.  Nevertheless, it is possible to gain an understanding of what such a portfolio would have 
returned by specifying the percentage held in bills and assuming that the remainder of the portfolio was 
equally split between intermediate and long-term Treasuries as defined by Duff & Phelps.  Tables 1 and 2 
show the overall fit, as measured by the adjusted R2, of various estimates of the equation LN(1 + Portfolio 
Return) =  + ·LN(1 + Treasury rate).  Specifically, the returns of five Treasury bond portfolios were 
estimated over three investment horizons based on the Duff & Phelps total monthly return data for bills, 
intermediate and long-term Treasury securities.  The five portfolios corresponded to bill percentages of 0, 
5, 10, 15 and 20 percent with the remainder of each portfolio evenly split between intermediate and long-
term Treasury securities.  The portfolio returns were estimated over 1-, 5- and 10-year investment 
horizons.  For each portfolio and investment horizon combination, the above equation was estimated over 
five sample periods.  
 
For Table 1, the sample periods were:  (1) all available data; (2) January 1990 on; and (3) January 2001 
on.  For the “all available data” sample period, the initial observation corresponds to April 1953.  For the 
1-year, 5-year and 10-year portfolio returns, the ending observation corresponds to January 2019, January 
2015, and to January 2010, respectively.  For Table 2, the estimates’ sample periods were truncated at the 
ending observation for the 10-year portfolio returns, January 2010.  This truncation produced two 
additional sample periods, for a total of five.   
 
In both tables it is seen that the ability of Treasury rates to predict future portfolio returns increases 
markedly when the investment horizon is extended beyond one year.  Additionally, there is a slight 
increase in predictive ability as the percent of the portfolio held in bills increases for all three sample 
periods.  (The exceptions to this result occur in the rightmost column of the two tables.)  Finally, with two 
exceptions, the predictive ability over all sample periods is greatest for the 10-year Treasury rate.  The 
first exception is found in the center of both tables.  Here, for the 5-year return and for the subperiod 
starting in January 1990, the predictive ability is greatest for the 5-year Treasury rate.  The second 
exception is seen in Table 2 for the 5-year return and for the subperiod starting in January 2001.  Note 
that for all estimates the difference in the predictive ability of the 5- and 10-year Treasury rates is not 
substantial and that both surpass the 1-year Treasury rate by a wide margin.  That is, both the 5- and 10-
year rates are viable proxies for the return that a portfolio of U.S. Treasuries will produce, whereas the 1-
year rate is not.   
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Table 1 – Adjusted R2 for Estimates of LN(1 + n-Year Portfolio Return) =  + ·LN(1 + Treasury rate) 
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Table 2 – Adjusted R2 for Estimates of LN(1 + n-Year Portfolio Return) =  + ·LN(1 + Treasury rate) 
      (All sample periods end in January 2010) 
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Specification of the Net Discount Rate  

The proper specification of a net discount rate depends on many factors, not the least of which are the 
nature of the loss and the characteristics of the plaintiff.  For example, if the expected present value of 
future earnings is the focus of interest, then the growth rate underlying the NDR should correspond to 
earnings growth.  Alternatively, if the focus is on the expected present value of future medical care as 
specified in a life care plan, the underlying growth rate should depend on the nature of specific life care 
plan components – growth in the medical CPI for physician services would be appropriate for 
components dealing with visits to a physician, while growth in the medical CPI for services provided by 
other medical personnel would be appropriate for components dealing with services provided by a nurse 
or with physical or occupational therapy. 
 
While the results presented in Tables 1 and 2 suggest that either the 5- or 10-year Treasury rate is a better 
candidate for the interest rate underlying the chosen NDR than is the 1-year rate, those results do not offer 
a clear cut choice between these two maturities.  This choice may be informed by the characteristics of 
the plaintiff.  For example, in evaluating the present value of a life care plan for a plaintiff with high 
mortality risk, use of the 5-year Treasury rate may be more appropriate than using the 10-year maturity.  
With respect to the expected present value of an earnings loss, the plaintiff’s remaining work life 
expectancy may drive the choice between the 5- and 10-year maturities.9 
 
In addition to the growth and interest rates underlying the specification of the NDR, a choice between 
nominal and real growth and interest rates must be made.  Note that there is no difference in the NDR 
based on nominal growth and interest rates and the NDR based on real growth and interest rates if the real 
interest rate is defined in an ex post sense using realized inflation.  However, if the real interest is defined 
in an ex ante sense using expected inflation, the two resulting NDRs will be different.  To see this, let G 
and R be the nominal growth and interest rates, and g and r be the real growth and interest rates.  Letting 
 and e be the realized and expected inflation rates we have the following: 

(1) 1 + NDRNominal = (1 + R)/(1 + G); 

(2) 1 + NDRReal    = (1 + r)/(1 + g); 

(3) 1 + g         = (1 + G)/(1 + ); and 

(4) 1 + r             = (1 + R)/(1 + e); 

Substituting (3) and (4) into (2) gives 

(5) 1 + NDRReal  =    [(1 + R)/(1 + e)]   = 
         [(1 + G)/ (1 + )]      

= [(1 + R)/(1 + G)]·[(1 + )/(1 + e)]  
which equals 1 + NDRNominal times one plus the geometric difference between realized and expected 
inflation.  This result is different than that for the nominal NDR based on realized inflation, since if the 
real interest rate is defined in an ex post sense using realized inflation,  replaces e in (5) and it is clear 
that the two NDR calculations produce the same result. 

                                                           
9 Of course, nothing prevents a forensic economist from choosing a longer maturity, say 20 or 30 years, if the 

expected loss period is sufficiently long.  Indeed, in the case of an earnings loss, the case could be made that the 
loss period extends beyond work life expectancy since some portion of the future lost earnings would have 
presumably funded the plaintiff’s retirement. 
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Figure 4 – Alternative NDRs based on the CPI for Other Medical Personnel 
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Figure 4 shows six alternative NDRs based on the medical CPI for Other Medical Personnel and on the 
nominal and real rates for 1-, 5- and 10-year interest rates.  The real rates are ex ante rates, based on the 
estimates of expected inflation published by the Federal Reserve Bank of Cleveland.  For example, the 
real 1-year rate is the geometric difference between the nominal 1-year Treasury rate for a given month 
and the then-current estimate of expected inflation over a 1-year period.  The real 5- and 10-year rates are 
calculated in a similar fashion, using the geometric difference between the 5- and 10-year nominal rates 
and the then-current estimate of expected inflation for a 5- and 10-year period, respectively.  In Figure 4, 
the nominal NDRs are shown on the left half of the page and the real, ex ante, NDRs appear on the right.  
For each NDR, there appears to be a slight downward trend which is more pronounced for the nominal 
NDRs.  However, the trend is not pronounced enough to conclude that any of the NDRs are 
nonstationary.  Finally, because there is nothing remarkable about the NDRs shown in Figure 4 to favor 
one over another, the choice must rely on the nature of the loss and characteristics of the plaintiff, and on 
the stationarity test results.   
  

Testing for Stationarity 

There are multiple formal statistical tests available to a forensic economist to assist in deciding whether a 
particular NDR is stationary.  These tests differ both in the assumption made concerning the underlying 
process and in the specification of the null hypothesis.  For example, the augmented Dickey-Fuller (ADF) 
test tests the null hypothesis that =1 in the equation  

Yt =  + ∙Yt-1 +∑ .j∆Yt-j + t where Y is the NDR, ∆ is the first difference operator, and t 
is a random error term.  By comparison, the Phillips-Perron (PP) test tests the same null hypothesis for the 
equation 

Yt =  + ∙Yt-1 + t but corrects for autocorrelation and heteroscedasticity in the error term.  For 
both the ADF and PP tests, rejecting the null that =1 supports the conclusion that Y is stationary. 
 
The Kwiatkowski, Phillips, Schmidt and Shinn (KPSS) test tests the null that the series of interest is 
stationary.  Consequently, being unable to reject the null provides support for the conclusion that the 
NDR in question is stationary.  The KPSS test results provide four reference points of how low the 
confidence level must be in order to be able to reject the null: 

(1) greater than 99 percent; 

(2) between 95 and 99 percent; 

(3) between 90 and 95 percent; and 

(4) less than 90 percent. 

The strongest support for the stationary conclusion is given by the last of these four reference points. 
 
For a given set of observations, it may well be that different stationarity tests will lead to a different 
conclusion with regard to the stationarity of the NDR.  Consequently, the forensic economist should not 
rely on the results of a single test but instead be informed by the results from several tests.  With respect 
to the NDRs in Figure 4, the stationarity issue was examined using four formal stationarity tests:  the 
ADF test, two PP tests and the KPSS test.10  In addition, the correlogram of each NDR was examined, 
along with the ordinary-least-squares estimate of  and it standard error in the equation  

 Yt =  + ∙Yt-1 + t  with both the estimate of  and its standard error corrected for bias.   
 

                                                           
10 All four tests were performed using version 11 of E-Views.  The difference between the two PP tests lies in the 

technique to estimate the distribution of the error term in the PP test equation.  The first PP test utilized E-Views’ 
Bartlett kernel default, while the second utilized an autoregressive specification for the error term. 
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With respect to the correlogram, if the sample autocorrelations decay to zero, then the time series in 
question can be viewed as stationary.  (See Box and Jenkins (1971), Nielsen (2006) and Enders (2010) for 
examples of autocorrelation functions for stationary and non-stationary series.)  Likewise, the difference 
between one and the absolute value of the corrected estimate of , measured in terms of its corrected 
standard error, informs the issue of the NDR’s stationarity – the greater the distance, the greater the 
support for the conclusion that the NDR is stationary.11 
 
The results of these tests for the nominal NDRs are summarized in Table 3 below: 
 
Table 3 - Summary of Stationarity Test Results - Nominal NDRs 

 
 
  

                                                           
11Orcutt and Winokur (1969) provide estimates of  and its variance that correct for the bias in the OLS 

estimates.  In the results presented below, the estimated values of  were positive and less than one in 
all cases.  While an absolute value less than one is a requirement for a stationary series, in and of itself, 
it does not add support to the conclusion that the NDR is stationary.  However, a large distance between 
one and the absolute value of the corrected estimate of  measured in terms of its corrected standard 
error, does. 
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The results of these tests for the real, 
 
Table 4 - Summary of Stationarity Test Results 

In both tables, the first column shows the number of months it takes for the correlation between the NDR 
and its lagged values to die out.  An entry like “19 (plus 23
out after 19 months and then increase to a significant level in months 23 through 36.
columns show the confidence level at which the
stationary) is rejected for the ADF and two PP tests
support for the conclusion that the NDR is stationary.
level must be in order to reject the KPSS test’s null hypothesis that the NDR is stationa
lower the confidence interval, the greater is the support for the conclusion that the NDR is stationary.  
Finally, the last column shows how far th
in terms of its corrected standard error.  Again
the conclusion that the NDR is stationary.  
 
Tables 5 and 6 summarize the above results in terms of whether or not they support the conclusion that 
the NDR measure is stationary.  In the first column, the support is characterized as “Strong” if the lagged 
correlation dies out within a year.  If the l
characterized as “Moderate”.  No entry appears if the lagged correlation dies out and subsequently returns 

                                                           
12A lagged correlation is deemed to be significant if it falls outside of a 95 percent confidence level centered on zero.

al, ex ante NDRs are summarized in Table 4 below: 

tationarity Test Results - Real Ex Ante NDRs 

In both tables, the first column shows the number of months it takes for the correlation between the NDR 
its lagged values to die out.  An entry like “19 (plus 23-36)” indicates that the lagged correlations die 

increase to a significant level in months 23 through 36.
columns show the confidence level at which the null hypothesis that =1 (i.e., that the NDR is not 

for the ADF and two PP tests.  The higher the confidence level, the greater is the 
support for the conclusion that the NDR is stationary.  The next column shows how low the confid
level must be in order to reject the KPSS test’s null hypothesis that the NDR is stationa
lower the confidence interval, the greater is the support for the conclusion that the NDR is stationary.  

mn shows how far the corrected coefficient of the NDR lagged one month is fro
standard error.  Again, the greater this distance is, the greater is the support for 

the conclusion that the NDR is stationary.   

Tables 5 and 6 summarize the above results in terms of whether or not they support the conclusion that 
the NDR measure is stationary.  In the first column, the support is characterized as “Strong” if the lagged 
correlation dies out within a year.  If the lagged correlation dies out over a longer period, the support is 
characterized as “Moderate”.  No entry appears if the lagged correlation dies out and subsequently returns 

is deemed to be significant if it falls outside of a 95 percent confidence level centered on zero.

 

In both tables, the first column shows the number of months it takes for the correlation between the NDR 
36)” indicates that the lagged correlations die 

increase to a significant level in months 23 through 36.12  The next three 
, that the NDR is not 

.  The higher the confidence level, the greater is the 
The next column shows how low the confidence 

level must be in order to reject the KPSS test’s null hypothesis that the NDR is stationary.  Here, the 
lower the confidence interval, the greater is the support for the conclusion that the NDR is stationary.  

coefficient of the NDR lagged one month is from 1, 
, the greater this distance is, the greater is the support for 

Tables 5 and 6 summarize the above results in terms of whether or not they support the conclusion that 
the NDR measure is stationary.  In the first column, the support is characterized as “Strong” if the lagged 

agged correlation dies out over a longer period, the support is 
characterized as “Moderate”.  No entry appears if the lagged correlation dies out and subsequently returns 

is deemed to be significant if it falls outside of a 95 percent confidence level centered on zero. 
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to a significant level.  For the ADF and PP tests, the support is characterized as “S
level is greater than or equal to 95 percent.  It is characterized as “Moderate” if the
between 90 and 95 percent.  The support i
between 80 and 90 percent.  No entry appears for all other values.  For the KPSS test, the support is 
characterized as “Strong” if the confidence level 
percent.  It is characterized as “Moderate” if the 
between 90 and 95 percent.  No entry appears for all other outcomes.  Finally, for the last column, the 
support is characterized as “Strong” if the corrected estimate of 
errors from 1.  The support is characterized as “Moderate” if the distance from 1 is between 2.0 and 2.5 
corrected standard errors.  If the distance is between 1.5 and 2.0 corrected standard errors, the support is 
characterized as “Weak”.  No entry appears for all other o

Table 5 – Support for Stationarity Conclusion 

  

level.  For the ADF and PP tests, the support is characterized as “Strong” if the confidence 
level is greater than or equal to 95 percent.  It is characterized as “Moderate” if the confidence level is 

95 percent.  The support is characterized as “Weak” for confidence levels t
.  No entry appears for all other values.  For the KPSS test, the support is 

characterized as “Strong” if the confidence level required to reject the null hypothesis is
percent.  It is characterized as “Moderate” if the confidence level required to reject the null

percent.  No entry appears for all other outcomes.  Finally, for the last column, the 
support is characterized as “Strong” if the corrected estimate of  is more than 2.5 

The support is characterized as “Moderate” if the distance from 1 is between 2.0 and 2.5 
corrected standard errors.  If the distance is between 1.5 and 2.0 corrected standard errors, the support is 

No entry appears for all other outcomes. 

Support for Stationarity Conclusion - Nominal NDRs 

trong” if the confidence 
confidence level is 

k” for confidence levels that are 
.  No entry appears for all other values.  For the KPSS test, the support is 

required to reject the null hypothesis is below 90 
o reject the null hypothesis is 

percent.  No entry appears for all other outcomes.  Finally, for the last column, the 
more than 2.5 corrected standard 

The support is characterized as “Moderate” if the distance from 1 is between 2.0 and 2.5 
corrected standard errors.  If the distance is between 1.5 and 2.0 corrected standard errors, the support is 
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Table 6 – Support for Stationarity Conclusion 

 
Tables 5 and 6 show that support for the conclusion that the NDR is stationary is strongest for the January 
2001 to September 2020 period, for both the
slightly weaker for the 1-year nominal 
is not that striking and, other than choosing results based on the more recent data, these tables give no 
clear guidance on which NDR should be 
difference the choice between the NDRs makes.  

  

Support for Stationarity Conclusion - Real Ex Ante NDRs 

support for the conclusion that the NDR is stationary is strongest for the January 
2001 to September 2020 period, for both the nominal and real, ex ante, NDRs.  While the supp

nominal NDR than for the corresponding real, ex ante, NDR, the difference 
is not that striking and, other than choosing results based on the more recent data, these tables give no 
clear guidance on which NDR should be preferred.  Ultimately, the decision may be driven by 

e choice between the NDRs makes.    Tables 7 and 8 address this question: 

 

support for the conclusion that the NDR is stationary is strongest for the January 
NDRs.  While the support is 

NDR, the difference 
is not that striking and, other than choosing results based on the more recent data, these tables give no 

Ultimately, the decision may be driven by how much 
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Table 7 - Estimated Values of the Long-Run Net Discount Rate 

 

Table 7 shows various estimates of the nominal and real, ex ante, NDRs based on the geometric mean and 
on three autoregressive model specifications.13  Several patterns emerge from Table 7.  First, regardless of 
how the NDR is estimated both the nominal and real, ex ante, NDRs increase as the maturity of the 
underlying Treasury security increases.  Second, for the NDR based on the 10-year Treasury rate, the real, 
ex ante, NDR is less than the corresponding nominal NDR for all three periods.  The same is true for the 
NDR based on the 5-year Treasury rate, except for the January 2001 to September 2020 subperiod.  For 
the NDR based on the 1-year Treasury rate, the real, ex ante, NDR is less than the nominal NDR in all 
cases except for the geometric mean estimate for the January 2001 to September 2020 subperiod.  Here, 
the geometric mean estimates of the NDRs are negative and the autoregressive estimates are not 
significantly different from zero.  Finally, the nominal/real differential is smallest for the NDR based on 
the 10-year Treasury rate in the most recent subperiod and is likely not material. 
 

Table 8 shows the autoregressive estimates of the long-run NDRs minus the corresponding geometric 
mean.  This difference decreases as the maturity of the underlying Treasury security increases for all three 
autoregressive specifications.  Also, for the real, ex ante, NDRs, the differential is smallest for the NDR 
based on the 10-year Treasury rate for the entire period, although it is less than 10 basis points in the most 
recent subperiod.  For the nominal NDRs, the differential is largest in the most recent subperiod, but it is 
less than 5 basis points for all three autoregressive specifications.  

 

 
                                                           
13Details underlying the autoregressive estimates are presented in a separate appendix at the end of this paper.  For 

the nominal NDRs, the adjusted R2s range between 77 and 86 percent.  For the real, ex ante, NDRs, the range is 
between 80 and 92 percent. 
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Table 8 - Autoregressive Estimates of the Long-Run NDRs minus Geometric Mean (Basis Points) 

 
 

Summary and Conclusions 

The main conclusion of this paper is that use of an NDR eliminates the bias in the estimated present value 
of the plaintiff’s future losses.  Because no one knows what would have happened but for the issue giving 
rise to the tort, and because the plaintiff’s future investment returns are unknown, the best any forensic 
economist can do is estimate the expected present value of the plaintiff’s future losses.   Moreover, even if 
the future losses and future investment returns equal their respective expected values, the estimated 
present value of the future losses will be biased when it is calculated using separate growth and discount 
rates due to the covariance between the investment returns and the growth rate underlying the estimates of 
the future losses.  Provided the NDR is stationary, use of an NDR eliminates this bias because the 
covariance between the resulting present value factor and the underlying loss estimates is zero. 
 
Implementing the NDR approach involves three separate tasks:  (1) identification of the expected returns 
the plaintiff will receive in the future; (2) determination of an NDR based on this expected return; and (3) 
testing the NDR for stationarity.  Unlike the conclusion that use of an NDR eliminates the bias in the 
estimate of the expected present value, how to go about completing these tasks is not clear cut.   
 
Pfeifer imposes the requirement that the present value must be based on a discount rate free of default risk 
and it follows that the interest rate component of the NDR must reflect the return on a portfolio of U.S. 
Treasury securities.  Alternatively, the return of on such a portfolio can be viewed as a threshold for 
evaluating the investments held in a plaintiff’s portfolio in the same way that a firm’s cost of capital is 
used to evaluate a prospective investment project.  Based on the Dunn and Phelps total return data and a 
wide range of portfolio mixes, the analysis presented above suggests that both the 5-year and the 10-year 
Treasury rates are viable proxies for the return that a portfolio of U.S. Treasuries will produce, whereas 
the 1-year Treasury rate is not.  In addition to a potential proxy’s predictive ability, the choice of the 
maturity of the proxy for the Treasury portfolio return will be driven by the nature of the loss and the 
characteristics of the plaintiff.  Losses expected to occur over a long period may warrant a longer 



21 
 

maturity, while those occurring over a shorter period – say, due to the plaintiff’s high mortality risk – may 
warrant a shorter maturity.   
 
When specifying the NDR to be used, the forensic economist must not only pick a growth rate but he/she 
must also choose between a nominal and a real, ex ante, perspective for the interest rate component.  
Similarly, testing the NDR for stationarity is not a simple, one-step, process since a variety of stationary 
tests are available which may give conflicting results for the same set of observations.  In addition, the 
both the stationarity test results and the resulting NDR may vary depending on the sample period used in 
analyzing the NDR. 
 
This paper presented an example of determining an NDR based on the medical CPI for Other Medical 
Personnel and on the nominal and real, ex ante, rates for 1-, 5- and 10-year interest rates, calculated over 
the January 1990 to September 2020 sample period.  The nominal NDR equaled the geometric difference 
between each respective Treasury rate in a given month and the subsequent 1-year change in the medical 
CPI.  The real, ex ante, NDR equaled the geometric difference between each respective ex ante Treasury 
rate – defined as the difference between the nominal rate and then-current expected average level of 1-, 5- 
and 10-year inflation – and the subsequent 1-year real, or inflation-adjusted, change in the medical CPI.  
This produced six potential NDRs in all (3 maturities each for the nominal and real, ex ante, interest rate 
components.)  The stationarity of each NDR was examined based on the results of four formal stationarity 
tests, the NDR’s correlogram and the distance between one and the corrected estimate of the slope 
coefficient in a simple autoregressive model.  The analysis was conducted over the entire sample period 
and for two subperiods.  Overall support for the conclusion that the NDRs are stationary was weakest for 
those based on the 1-year Treasury rate, although support for this conclusion was strong across the board 
for the most recent subperiod (January 2001 to September 2020).  However, for this subperiod, the 
resulting 1-year NDRs were negative when based on the geometric mean and positive but not 
significantly different from zero when estimated by three autoregressive specifications. Overall, the long-
run real, ex ante, NDRs are less than the corresponding nominal NDRs, with the differential being 
smallest (and insubstantial) for the NDRs based on the 10-year Treasury rate for the most recent 
subperiod.   
 
This example demonstrates there is no one-size fits all approach when deciding what NDR to use in a 
given case.  The example also demonstrates that the resulting NDR estimates will vary, depending on the 
sample period over which they are calculated.  The example, and the methodology it illustrates, is silent 
on what sample period is appropriate – the forensic economist must look to other factors in making this 
decision.14   
 
Finally, related to the sample-period issue is the question of whether the selected NDR will remain 
stationary in the future.  The current pandemic and the resulting recession make this question all the more 
important and, unfortunately, unanswerable.  While the data will ultimately speak to this issue, they can 
only do so with a lag, after a significant amount of time has passed.15  This is illustrated in Figure 5 
below: 
 
 
 

                                                           
14For example, reasons for starting the analysis with 2001 include: (1) a downward shift in the economy’s long-run 

expected growth starting in the late 1990’s and early 2000’s due to slowing population and productivity growth 
and to a decline in labor force participation; (2) a sharp downward shift in employment during business expansions 
since the end of the 2001 recession; and (3) a shift in monetary policy from a rule-based paradigm to a 
discretionary policymaking regime.  With respect to (3), see Taylor (2011). 

 
15The author credits this observation – the Nieswiadomy Insight – to Dr. Michael Nieswiadomy who made this 

comment more than a decade ago at theWEAI’s 85th Annual Conference in Portland, Oregon. 
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Figure 5 – The Nieswiadomy Insight 
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The left column of Figure 5 plots a real, ex ante NDR based on the CPI for new trucks; the right column 
plots a real, ex ante, NDR based on the medical CPI for eye glasses and eye care.  As shown in the upper 
half of Figure 5, both NDRs experienced a sharp decline ending in October 2009, shortly after the end of 
the 2007-2009 Great Recession.  At that point in time, it was not be possible to conclude on the basis of 
the data alone whether or not the decline represented a permanent break in the series or if the NDR in 
question would recover and remain stationary.  Subsequent experience shows that the former was the case 
for the new vehicles NDR while the eye care NDR subsequently recovered.  Clearly, the issue of whether 
or not forensic economists can rely on data prior to the pandemic or whether we face uncharted territory 
cannot be resolved in real time.  
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Appendix - Details Underlying the Autoregressive Model Estimates of the Long-Run NDRs 

NDRs Based on the  1-Year Treasury Rate 
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Appendix - Details Underlying the Autoregressive Model Estimates of the Long-Run NDRs (continued) 

NDRs Based on the  5-Year Treasury Rate 

 
 
 



27 
 

Appendix - Details Underlying the Autoregressive Model Estimates of the Long-Run NDRs (continued) 

NDRs Based on the  10-Year Treasury Rate 
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<stopped>  Nieswiadomy 

KB4578968 

KB4580325 
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Cov(X,Y)= E[(X-E[X])·(Y-E[Y])] = E[X·Y-Y·E[X]-X·E[Y]+E[X]·E[Y]] 

    = E[X·Y]-E[Y]·E[X]-E[X]·E[Y]+E[X]·E[Y] 

    = E[X·Y]-E[X]·E[Y] which gives 

E[X·Y]    = E[X]·E[Y] + Cov(X,Y) 

 
Xx 

 
xxx 
 
Yt =  + ∙Yt-1 +∑     j∆Yt-j + t 

 

This one works: 

 

Yt =  + ∙Yt-1 +∑ .j∆Yt-j + t 

𝜑 

 

   


                                          k 

Yt =  + ∙Yt-1 +j∆Yt-j + t 
                                       j=1 
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Moreover, the interactive relationship between interest rates and growth rates is incorporated in major 
macroeconomic models of the U.S. economy. For example, in the Moody’s Analytics U.S. 
macroeconomic model, total spending in the economy depends on the expected real rate of interest, i.e., 
the nominal rate minus expected inflation.  Nominal interest rates are in turn determined both by 
monetary policy and by the private demand for credit, both of which are influenced by GDP.  Inflation is 
determined by firms’ price-setting choices, which depend on the level of real activity and inflation 
expectations. 
Insert at pager 4, after “Second, the real interest rate ....”? 
 
xxxx 
 
 
With respect to theory, consider the Fisher effect or the Fisher equation, which expresses the 
relationship between nominal and real interest rates and inflation.  In is written as  

(1+ i) = (1 + r) · (1 + e) 

where “i” is the nominal rate of interest; “r” is the real rate of interest; and “e” is expected inflation.  
It is sometimes written in linear approximation as  i = r + e.   
 
 
 
 
********** 
I think the issue rests in where you place the expectation function. I think the phrase 
should be the present value of the expected future losses. 
 
You need to review the algebra of expectations.  For any constant k, E[k·X)] = k·E[X].  In the 
context of this discussion, "X" is the future loss in a given loss year;  "k" is a constant 
determined by the discount rate and the time between X and the present value date; "E[k·X]" is 
the "expected present value of the future loss"; and "k·E[X)]" is the "present value of the 
expected future loss".  For any given future loss year, there is no distinction between the two 
alternative wordings.  The same is true for the sum over all future loss years.  I think you knew 
this, but perhaps didn't think it through. 
 
 
If you use expected future rates to discount, then you're not estimating present value, 
rather you're estimating a value discounted to some time in the future.  
 
I have not advocated using expected future rates to discount.  What I have said is that you do not 
know what the future interest and growth rates will be, but that you can estimate the expected 
present value of the future loss with a forecast of the net discount rate.  It may be that my 
comments below confused you, though, since you have seen more of my reports than most on 
this list, I am not sure how that can be. 
 
Not that it matters, not only is your premise in this second statement wrong, your conclusion is 
as well.  If, for example, one were to discount a loss in future loss year 10 using an expected 
value or a forecast of the 10-year rate in future loss year 10, you would still have a present value 
calculated as of your original present value date.  Whether it is meaningful is another question 
altogether.  I suppose it could be if the expected 10-year rate in future loss year 10 happened to 
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equal the expected portfolio return over the first 10 future loss years.  I don't have a dog in that 
fight, so others can take that issue up with you should they wish to do so. 
 
 


