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Abstract
The goal of natural resource damage assessment (NRDA) is to compensate the public for losses to
natural resources from past or ongoing hazardous releases, including losses that may persist into the
future. Compensation is delivered in the form of restoration projects. Resolving NRDA liability
requires balancing losses and restoration benefits over multiple decades and converting them into a
present value for calculating appropriate damages. For the past two decades, NRDA practitioners have
used a real discount rate of 3% to convert losses and benefits to a present value equivalent. That ratewas
based, in part, on real historical yields on risk-free debt (e.g., the real rate of return on 3-month Treasury
bills). Declining interest rates on risk-free debt in recent years has led to suggestions to reexamine the
historical consensus discount rate. This paper reviews two alternative conceptual paradigms for
selecting a discount rate in NRDA cases: the social rate of time preference and discount rates for tort
cases. We summarize historical data for empirically implementing the two paradigms and discuss the
ramifications of the different options. Based on our review, we suggest maintaining the 3 % consensus
as a practical solution to a range of empirical candidates within the two conceptual paradigms.

1. Introduction

Natural resource damage assessment (NRDA) is a process where natural resource trustees
(Trustees)1 – including federal and state agencies, as well as Indian tribes – act on behalf of
the public to assess injuries to public natural resources affected by oil spills, releases of other
hazardous substances, or other incidents (e.g., ship groundings).2 Trustees identify the extent
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1 In the USA, trustees may include the Department of the Interior (DOI), Department of Commerce, Department

of Agriculture, Department of Energy, Department of Defense, Environmental Protection Agency, state govern-
ments, local governments, Native American tribes, or foreign governments (NOAA, 1996; DOI, 2008).

2 In the USA, several laws give Trustees the authority to conduct NRDA (NOAA, 1996, 1997; DOI, 2008;
English et al., 2009; Viehman et al., 2009; Desvousges et al., 2018). These laws include the Clean Water Act of

Journal of Benefit-Cost Analysis (2023), 14: 1, 141–161
doi:10.1017/bca.2022.24

https://doi.org/10.1017/bca.2022.24 Published online by Cambridge University Press

mailto:ehorsch@indecon.com
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
https://doi.org/10.1017/bca.2023.1
https://doi.org/10.1017/bca.2022.24
https://doi.org/10.1017/bca.2022.24


of injuries to natural resources and the services these resources support (e.g., ecological
services and recreational uses), as well as the type and amount of restoration required to
offset these losses.

Damage claims brought against potentially responsible parties (PRPs) are estimated in
several ways for NRDA, such as the cost of restoration needed to replace affected resources
or services, or the value (i.e., consumer surplus) provided to the public by them (English
et al., 2009).3 To account for differences in the timing of injuries (and restoration gains, if
applicable), NRDA practitioners use discounting to convert losses (and gains) to a present
value equivalent (Unsworth & Petersen, 1995; NOAA, 1999). In this paper, we reconsider
the conceptual basis and empirical approaches for selecting a discount rate in the context of
NRDA. We review the available evidence and provide practical guidance for NRDA
practitioners to consider in selecting a rate.

NRDA presents one of the more complex applications of discounting and compounding
found in economics, combining the need to address losses that may have begun multiple
decades prior – a need not generally encountered in public policy analysis –with potentially
long time periods of ongoing and future losses and restoration gains. With the future
component, there is an analog to the field of climate change economics, such as setting
the appropriate social cost of carbon, and benefit-cost analysis (BCA) more generally (Tol,
2010; NASEM, 2017; Li & Pizer, 2019). Discounting in NRDA tends to be most influential
for hazardous waste cases where injuries began multiple decades in the past and so damages
must be brought forward via discounting. This differs from oil spill cases, which tend to
involve shorter time periods of injury where the outcome is less sensitive to discounting.
Given the heterogeneous nature of NRDA cases, it may be that the appropriate discount rate
is context-dependent. A theoretical first best method to estimate such rates would be stated
preference surveys. Survey methods could be used to directly estimate a discount rate of an
affected population for a specific NRDA or set of NRDAs, but such studies would likely
increase assessment costs significantly, prolong resolution of claims, or both. Cost effec-
tiveness, an important consideration in damage assessment, encourages Trustees to consider
a broader, more easily accessible proxy for the discount rate.

For the past two decades, Trustees have used a real discount rate of 3 % to resolve
hundreds of NRDA cases. This rate implies that resource or service losses (and restoration
gains) 1 year in the future are worth approximately 3 % less than today. In 2 years, they are
worth an additional 3 % less, and so on. The opposite is true of past losses, which are worth
more than losses today (when converted to present value). The 3 % discount rate has
historically been conceptualized as a proxy for the social rate of time preference (SRTP),
which measures people’s willingness to substitute consumption of natural resources across

1972 (33 U.S.C. §1251 et seq.), Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) of 1980 (43 CFR Part 11), Stafford Act of 1988 (Public Law 100-707), Oil Pollution Act of 1990
(15 CFRPart 990), Park SystemResource ProtectionAct of 1990 (16U.S.C. 19jj), NationalMarine Sanctuaries Act
of 1992 (16 U.S.C. §§1431 et seq.), National Oil and Hazardous Substances Pollution Contingency Plan of 1994
(40 CFR Part 300),Marine Debris Act of 2006 (33U.S.C. §1952), Coast Guard andMaritime Transportation Act of
2012 (Public Law 112–213), Save Our Seas Act of 2018 (Public LawNo: 115-265), and other applicable state laws.
The European Union analog to this compilation of legislation is the Environmental Liability Directive (ELD)
(Defrancesco et al., 2014; Desvousges et al., 2018).

3 Commonly used cost of restorationmethods include habitat equivalency analysis (HEA), resource equivalency
analysis (REA), and related methods. Revealed and stated preference methods are used to generate value-based
claims.
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time while holding welfare constant (NOAA, 1999; Dunford et al., 2004; Groom et al.,
2007; Karp & Traeger, 2013; Arrow et al., 2014; Boardman et al., 2018; Desvousges et al.,
2018). It reflects the fact that people (i.e., the public in NRDA cases) weight present
consumption more heavily than future consumption and must be fairly compensated for
deferring consumption in the past to today or sometime in the future (NOAA, 1999).

Literature on the SRTP extends back to Ramsey (1928), who sought to answer the
question of howmuch income a nation should save. Ramsey’s basic equation describing the
discount rate, which has been debated and generalized over time (Mankiw, 1981; Gollier,
2002; Karp & Traeger, 2013; Gollier and Hammitt, 2014; Groth, 2016), has two broad
components. The first is pure time preference, which reflects the fact that, all else equal,
people prefer immediate benefits over delayed benefits (English et al., 2009). The second
component relates to growth in income and wealth. As people acquire greater wealth over
time, the value of each increment in wealth declines.

Economists wanting to evaluate the efficiency of public policies have primarily used the
Ramsey equation in one of two ways to estimate the SRTP (e.g., Nordhaus, 2007; Stern,
2007; Moore et al., 2013). Specifically, Arrow et al. (2014) discuss normative and positive
methods for parameterizing Ramsey’s model. Normative methods may yield different
estimates due to subjective beliefs, and such parameterizations are often used for analyses
of intergenerational issues and do not necessarily fit the context of NRDA. For example,
Weitzman (2001) surveyed more than 2100 leading economists to estimate the appropriate
discount rate for valuing long-term environmental projects and found that themean response
was 4 %, the mode was 2 %, and the median was 3 %. More recently, Drupp et al. (2018)
surveyed economists about the risk-free social discount rate for long-term government
projects and reported mean and median values of 2.3 and 2 %, respectively.

Alternatively, data can be used to positively parameterize the Ramsey equation. That is,
one can use existing data to empirically estimate or parameterize the discount rate (Arrow
et al., 2014). Such descriptive approaches generally agree that parameters be chosen such
that the SRTP is equal to market interest rates (Nordhaus, 1994, 2007; Arrow et al., 1996;
Arrow et al., 2014). In fact, the real risk-free interest rate on investment (e.g., the real rate of
return on 3-month Treasury Bills (T-Bills)) is often considered to be a surrogate for the SRTP
in NRDA cases (NOAA, 1999; Dunford, 2018), whereas the 10-year Treasury rate is often
used in BCA (OMB, 2003; CEA, 2017).4 However, these surrogates may be problematic
when the real rate of return is negative. For example, the real rate of return on 3-month
treasuries has been negative in 15 of the past 20 years and on average for over 25 years. The
real rate of return on the 10-year treasury has been negative in a few years during the past
decade. Notwithstanding these negative rates of return, as a practical matter, the SRTP
should be strictly positive for NRDA cases because the public will not pay to delay
compensation for natural resource injuries. In addition, while theoretically possible, a
negative SRTP is inconsistent with intuition and empirical evidence (Matousek et al., 2022).

While the application of the SRTP for discounting in NRDA arises from the economics
and public policy literature, an alternative conceptual paradigm exists in tort cases. In these
cases, compensation provides a sum of money that restores the injured party to the position
they would have been in if the harm had not occurred (Patell et al., 1982).5 The damages

4CEA (2017) reviewsOMBpolicies regarding discounting for BCA and suggests that 2%may be appropriate as
a lower bound, given trends in interest rates for long-term government debt.

5Within NRDA, the term “injury” is used to describe the physical harm to the resource. In this paper, we use the
more general term “harm” to be consistent with the language used in tort law.
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should compensate the plaintiffs not only for the harm itself, but also the passage of time
between when they were harmed and the date damages are awarded. This approach reflects
time preference, inflation risk, and default risk. The SRTP accounts for the first two
components, but not the third.6

Several methods have been employed to generate a discount rate for tort cases –

effectively an interest rate on past damages – including the use of risk-free interest rates,
interest paid on demand deposits, market interest rates on corporate debt (i.e., prime rates or
commercial paper), the plaintiff’s or defendant’s own borrowing costs, and the plaintiff’s
past market returns on stocks (Patell et al., 1982; Escher & Krueger, 2003; Rankin &
Tepperman, 2013; Maniatis et al., 2018). The prevailing view in the law and economics
literature has been that the plaintiff in tort cases should receive interest at the defendant’s cost
of unsecured borrowing (Escher & Krueger, 2003; Knoll & Colon, 2005; Maniatis et al.,
2018). This is based on the coerced loan theory, which states that the plaintiff has invested,
albeit unwillingly, in the defendant and should be paid the same return that would be paid to a
voluntary creditor of the defendant (i.e., the defendant’s cost of capital). This reflects the idea
that, if the defendant were to declare bankruptcy, the plaintiff’s claimwould be treated on par
with unsecured debt. In this paper, we present the SRTP and coerced loan theory as
alternative conceptual paradigms for framing the choice of discount rate in NRDA cases.

Recent work by NRDA practitioners (Desvousges et al., 2018; Dunford, 2018) has
argued for using a lower discount rate for NRDA (e.g., 2 rather than 3 %) due to declining
interest rates on risk-free debt. However, the alternative coerced loan theory paradigm
suggests rates higher than 3 % may be appropriate, given the weighted average cost of
capital (WACC) for PRPs typically exceeds 3 %. Application of theWACC for discounting
is defensible because NRDA is a legal process, distinct from public policymaking using
BCA that considers the SRTP as the appropriate discount rate. In addition, using a WACC
for a PRP would incorporate default risk into the discount rate – an adjustment supported by
existing NRDA regulations (discussed in the next section), but not reflected in the SRTP.
Quantifying NRDA damages using such higher rates would result in larger injuries relative
to current practice. This higher cost of “borrowing”may incentivize PRPs to resolve NRDA
claims more quickly.

In this paper, we review theory and empirical evidence to guide NRDA practitioners in
their selection of a discount rate. We also evaluate arguments for moving away from the 3%
discount rate currently used in NRDA cases. We begin in the next section with a discussion
of the historic regulatory basis for the current 3 % consensus. In Section 3, we then describe
the two alternative conceptual paradigms – SRTP and coerced loan theory – that provide
different starting points for empirical analysis. This is followed in Section 4 by a review of
interest rate evidence and an illustrative example of discounting using different plausible
rates. The final section provides discussion and a practical recommendation that the current
3 % discount rate be maintained by NRDA practitioners in most cases.

2. History of discounting in NRDA

In NRDA practice, natural resource injuries are separated into two categories: (a) losses to
ecological resources or services and (b) human-use service losses. Ecological services

6Accounting for default risk compensates the plaintiff for deferring being made whole and discourages
defendants from taking actions to defer judgments.
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include the physical and biological functions provided by air, land, water, and wildlife
resources. Human uses include active and passive uses of resources, such as fishing, hunting,
boating, wildlife viewing, beach use, and other recreational activities, as well as cultural and
subsistence uses.

Ecological damages are typically measured in terms of the cost of restoration actions
needed to provide ecological resource or service gains sufficient to offset the losses.
Commonly used cost of restoration methods include HEA, REA, and related methods
(English et al., 2009; Baker et al., 2020). These methods balance annual resource or service
losses against annual restoration gains to determine the appropriate amount of restoration
needed in present value terms, using a 3% real discount rate to normalize losses and gains in
different years.

Human-use damages assessed by federal and state Trustees are typically measured in
terms of lost value (i.e., consumer surplus) using revealed or stated preference methods (see,
e.g., English & McConnell, 2015; Tourangeau et al., 2017; Horsch et al., 2018, for recent
examples).7 Damages based on the quantified lost value become the budget for human-use
restoration projects. While the cost of restoration actions needed to offset the loss in value
could be estimated (known as value-to-value scaling), it is uncommon in practice (see, e.g.,
Texas General Land Office et al., 2001, for one of the limited examples). As with ecological
damages, a 3%discount rate is used to normalize annual human-use service losses over time.

Regulations promulgated by DOI and NOAA for NRDA, as well as a supplementary
NOAA technical paper (NOAA, 1999), provide guidelines to Trustees on discounting and
suggest appropriate rates. As we note below, the recommended discount rates from these
sources differ.We first summarize the guidelines fromDOI, then fromNOAA, and conclude
with a summary, including how the 3 % rate came to be common practice.

The DOI promulgated regulations for NRDA in 1986 (43 CFR §11), which state that the
discount rate specified in Office of Management and Budget (OMB) Circular A-94 Revised
(dated 27 March 1972) should be used to calculate damages (43 CFR §11.84(e)(2)). A
discount rate of 10 % was prescribed in that circular, based on “the average rate of return on
private investment, before taxes and inflation” (OMB, 1972, p. 4). Circular A-94 was last
updated in 1992, with the recommendation to “…use a real discount rate of 7 percent…,
[which] approximates the marginal pretax rate of return on an average investment in the
private sector” (OMB, 1992, p. 9).8 NOAA promulgated its regulations for oil spill NRDAs
in 1996 (15 CFR §990), which state:

“…trustees should use risk-adjustedmeasures of losses due to injury and of gains from
the restoration action, in conjunction with a riskless discount rate representing the
consumer rate of time preference. If the streams of losses and gains cannot be
adequately adjusted for risks, then trustees may use a discount rate that incorporates
a suitable risk adjustment to the riskless rate” (15 CFR § 990.53(d)(4)).9

7 Tribal governments may use other methods for lost human or cultural uses.
8 The DOI regulations were last revised in 1994, but still reference the 1972 version of Circular A-94. While the

appendices to Circular A-94 have been updated since 1992 to report nominal and real interest rates on Treasury
notes and bonds, these rates do not apply to regulatory analysis or benefit-cost analysis of public investment. Thus,
the 7 % rate recommendation (or the marginal pretax rate of return on an average investment in the private sector)
has not been formally updated.

9 15 CFR §990.63(b) provides guidelines on discounting and compounding for future restoration costs and past
assessment and emergency restoration costs, which are distinct topics from losses and gains described in 15 CFR
§990.53(d)(4). As such, the methods for discounting those costs are justifiably different.
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Similar, but more extensive language was used in the preamble to the final rule:

“…the trustees should use risk-adjusted measures of losses and gains, in conjunction
with a riskless rate of discount reflecting the social rate of time preference for natural
resources (i.e., the rate society is willing to substitute between present and future
consumption of natural resources with certainty)…for goods (such as natural
resources) that are not generally sold in a market, a real rate of three percent (3%) is
recommended as a riskless rate, unless justification is presented for a rate more
appropriate for the specific context. Alternatively, if the streams of losses and gains
cannot be adequately adjusted for risks, then NOAA recommends use of a discount
rate that incorporates a suitable risk adjustment to the riskless rate. Existing economic
literature suggests that three percent (3%) is a reasonable choice for the social rate of
time preference, given that it is the middle of the range of values for the subjective rate
of time preference implied by long-run growth models of the U.S. economy” (61 Fed-
eral Register, January 5, 1996, p. 453–454).

Thus, NOAA’s NRDA regulations and preamble to the final rule suggested that risk
should be incorporated into the discount rate (i.e., starting with a riskless rate of 3% and then
incorporating a risk adjustment). NOAA (1999), a technical paper issued a few years later,
provided further support for using a 3 % real riskless discount rate to reflect the SRTP
(p. 3).10 That paper also stated that the risk-adjusted rate was “approximately 7 %” based on
historical stock returns (NOAA, 1999, p. 10), in line with the DOI regulations (based on
Circular A-94). However, NOAA (1999) recommended against incorporating risk into the
discount rate, saying it was less preferred to an approach whereby “…the trustees and
responsible parties agree to a contract that defines requirements for restoration and incor-
porates the uncertainties of restoration” (p. 10). Completing their argument, the paper went
on to state, “NOAA suggests use of a riskless proxy of the SRTP for discounting interim
service losses and gains. This proxy is currently approximately 3 %” (NOAA, 1999, p. 22).

In summary, DOI and NOAA regulations and guidance recommend different discount
rates for NRDA. DOI recommends using the marginal pretax rate of return on an average
investment in the private sector, which was 7 % in OMB (1992). While NOAA’s 1996
regulations for NRDA recommended using a risk-adjusted discount rate, NOAA (1999)
recommended using a 3% real riskless discount rate, meant to reflect the SRTP.11 The range
and basis of the proposed discount rates from DOI and NOAA (3–7 %) is consistent with
Circular A-4, last updated in 2003 to provide discount rate guidance for BCA of Federal
policies and projects. As a matter of practice, a real discount rate of 3 % has become the
standard for NRDA cases for the past two decades.

10 Three lines of evidence were offered (see Dunford, 2018, for detail): (a) Freeman (1993), in which he stated “I
would feel comfortable using a rate of 2 to 3%” (p. 216); (b) the real discount rate used by DOI when evaluating
government projects, which was based on the interest rate paid on 3-month Treasury bills less the rate of inflation;
and (c) the real rate of growth in Gross Domestic Product.

11 If risk – specifically default risk – were incorporated into the discount rate, it would result in a higher rate.
NOAA (1999) states that U.S. securities are regarded as low-risk interest rates since the probability that the
U.S. Government will default in repaying these loans is very low. Defendants in NRDA are often private companies
that could go bankrupt while a damages claim is pending. The discount rate used to quantify damages could account
for this default risk.
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Now that we have summarized how the 3 % discount rate came to be common practice,
the following sections describe two paradigms for selecting a discount rate for NRDA and
provide a range of rates for consideration.

3. The conceptual basis for discounting: two paradigms

The applied discounting problem requires the selection of a discount rate that converts the
value of past or future losses (and restoration gains, if applicable) into a common current
period metric. In this section, we review the conceptual basis for selecting the appropriate
discount rate for NRDA. We explore two separate paradigms that have intellectual roots in
different areas. We first consider the SRTP, which is the rate at which society is willing to
forgo a unit of consumption this year in exchange for consumption in some future year. We
explore its derivation via the classic Ramsey (1928) logic and the empirical tasks implied by
the theory.We then turn to a line of legal and financial reasoning related to discounting in tort
cases and explore the consequences of this literature for selecting a discount rate in NRDA
cases.

3.1. Social rate of time preference

Use of the SRTP for converting past and future payments to their present value is the
dominant approach in NRDA, to the point that “discount rate” and “SRTP” are often used
synonymously, though with imprecise equivalency. Selection of the SRTP for the discount
rate implies that the objective of conversion is to hold fixed the level of utility as payments
move through time. To see this, consider a stream of consumption levels z1, z2, z3,… where
the subscripts denote units of time and consumption could be for an individual or a society
aggregate. These consumption levels provide a stream of utility given by U(z1), U(z2), U
(z3),… based on a well-behaved utility function U(�). The aggregate welfare level for an
arbitrary stream of consumption and utility is

W0 ¼
X∞
t ¼ 1

U ztð Þ
1þρð Þt , (1)

where ρ is the utility discount rate (pure rate of time preference). Define φt as the rate at which
consumption can be moved between adjacent periods while maintaining the aggregate
welfare levelW0. The consumption swaps Δzt and Δztþ1 that maintain the level of aggregate
welfare are therefore given by

Δzt ¼ �Δztþ1

1þϕt
: (2)

By definition, φt is the SRTP at period t. Furthermore, define μ(zt) as the rate of consumption
change between the two periods so that

1þμ ztð Þ ¼ ztþ1

zt
: (3)

Note that μ(zt) is the consumption growth rate in period t, which can in principle be
positive or negative. Dasgupta (2008) shows that if the utility function has the convenient
form
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U ztð Þ ¼ z 1�εð Þ
t

1� εð Þ , (4)

where ε is the elasticity of the marginal utility of consumption, then

ϕt ¼ ρþ ε �μ ztð Þ (5)

holds for any generic (not necessarily optimized) consumption stream in Equation (1). We
refer to this as the generic Ramsey equation and stress that it does not depend on specific
assumptions about the structure of the economy or an equilibrium condition. Adding several
additional assumptions related to savings, the return on capital, and an equilibrium
condition,12 the generic Ramsey equation can be expressed as

ϕ ¼ r ¼ ρþ ε �μ, (6)

where r is the return on capital and μ is the steady-state consumption growth rate.We refer to
Equation (6) as the equilibrium Ramsey equation.

Equations (5) and (6) are useful in different ways for the selection of a discount rate under
the SRTP paradigm. The right-hand side of the generic Ramsey equation (Equation (5))
identifies the structural determinants of the SRTP without resorting to the strong assump-
tions needed to derive Equation (6). This allows analysts to use a prescriptive approach to
selecting a discount rate whereby estimates or assumptions about the drivers of φt
(in particular, the consumption growth rate and the marginal utility of consumption) are
used to arrive at the discount rate. In addition, the structure in Equation (5) implies that the
SRTP arises endogenously and can vary over time. This observation suggests another
approachwhereby φt is directly estimated by comparing consumption swaps that individuals
are willing to make over time. If this direct estimation approach is feasible, the specific
assumptions needed to derive and parameterize the right-hand side of Equation (6) are
unnecessary for empirically determining the SRTP.

The left-hand side of the equilibrium Ramsey equation allows analysts to use a descrip-
tive approach to selecting a discount rate, based on market interest rates. In this case, the
empirical task is to study real-world interest rates to identify a suitable SRTP proxy. This
interpretation has motivated empirical work to understand trends in several categories of
U.S. interest rates (CEA, 2017).

A subsequent generation of economists has extended the Ramsey framework to include
additional features such as uncertainty, risk, and heterogeneous consumption goods (see
Karp & Traeger, 2013, for a summary). This research has sought to generalize the equilib-
rium Ramsey equation in Equation (6) to reflect the additional elements. For example, if the
intertemporal consumption path is uncertain, then Equation (6) becomes

ϕ ¼ r ¼ ρþ ε �μ� ε2σ2

2

� �
, (7)

where σ2 is the variance of consumption growth. Furthermore, extending the model to
account for intrinsic risk aversion – the extent to which people prefer certain outcomes
relative to uncertain outcomes – leads to an additional term so that

12 Specifically, in an economy with full certainty and no externalities, utility from the stream of consumption is
maximized subject to capital accumulation (savings) – defined as output net of consumption – and a constant rate of
return on investment r. In equilibrium, the consumption discount rate must equal the return on savings.
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ϕ ¼ r ¼ ρþ ε �μ� ε2σ2

2

� �
�RIRA 1� ε2

�� σ2
��

2
, (8)

where RIRA measures the relative intertemporal risk aversion.
For our discussion below, it is important to note that these generalizations merely

introduce additional factors into the positive description of how the equilibrium SRTP is
determined. While the structure implies that higher uncertainty or greater risk aversion
lowers the equilibrium interest rate all else equal, it is not correct to compare Equations (6)
and (8) and conclude that the SRTP is lower in a comparative static sense, contrary to the
argument in Dunford (2018).13 Said differently, Equation (8) provides additional nuance for
understanding the formation of interest rates in any period, rather than evidence of a new
uncertainty or risk aversion shock that is changing the interest rate in any specific period.14

The generalizations in (7) and (8) do not fundamentally change the two possibilities for
using the Ramsey equations to select a discount rate under the SRTP paradigm. Starting with
Equation (6), (7), or (8), the applied task relies on the models’ equilibrium assumptions,
leading to equality between the SRTP and the interest rate, and therefore an empirical
understanding of market interest rates. Similarly, the generic Ramsey equation in (6) is the
starting point for the subsequent equilibrium-based derivations, and so Equations (7) and (8)
do not supersede the usefulness of Equation (6) for understanding the SRTP from a
prescriptive perspective.

These observations are important for exploring arguments for reducing the discount rate
used in NRDA (e.g., Dunford, 2018), which center in part on the idea that accounting for
uncertainty and risk aversion lowers the SRTP, and hence provide support for a downward
adjustment. As noted, the generalization in Equation (8) does imply that the equilibrium
interest rate is lower when uncertainty and risk aversion are greater. However, unless there is
empirical evidence that consumption growth uncertainty or risk aversion have increased
recently, the generalizations in Equation (8) do notmake the equilibriumRamsey equation in
(6) anymore or less useful for discussing potential changes to baseline assumptions about the
SRTP. Furthermore, if real interest rates on risk-free debt are to be used to create a proxy for
the SRTP, it implies that the SRTP has turned negative in recent years. While theoretically
possible, this seems unlikely for the NRDA cases: the public will not pay to delay
compensation for injuries to natural resources.

3.2. Discounting in tort law

Use of the SRTP for NRDA relies on the implicit objective to restore the injured party
(i.e., the public) to its pre-injury utility level. Discounting damages forward to the point of
payment using the correct SRTP would ensure that the payment – consisting of damages
suffered at the time of insult and interest on the damages – leaves the injured party (the

13Dunford (2018) writes: “Notice that uncertainty regarding the percentage change in per capita consumption
lowers the SRTP, because the third term on the right side of 2) is negative.… Since RIRA typically is positive, the
additional term on the right side of 3) will be negative, further reducing the SRTP.” Dunford’s (2) and (3) are
identical to this paper’s (7) and (8), respectively.

14 In addition, an anonymous reviewer pointed out that (7) implies that uncertain future growth lowers the interest
rate for future periods. However, past growth is known with certainty. This means that growth uncertainty is
irrelevant for NRDA cases in which discounting is used to convert past damages into current period dollars.
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public) indifferent in a well-being sense between accepting payment and not having suffered
the injury. An alternative perspective on making the plaintiff whole is described in the law
and economics literature related to tort cases. In this paradigm, the objective is to assure that
the injured party is left financially unchanged from the damages as natural resources are akin
to anymarket or nonmarket good with financial value.With this as the objective, Patell et al.
(1982) describe a financial injury as being equivalent to an involuntary, unsecured loanmade
by the injured party to the defendant. This perspective gave rise to a “coerced loan” theory in
which legal research has sought to determine the correct discount rate to convert damages at
the time of injury to an equivalent time of payment amount.

The literature has described several conceptual approaches for guiding the choice of the
discount rate in tort cases. Colon and Knoll (2017) summarize this literature and argue that
the defendant’s cost of unsecured borrowing is the appropriate rate. This is based on the
premise that the debt held by the plaintiff is an asset that has a risk and reward structure based
on the defendant’s characteristics. The relevant risk is based on the possibility that the court
will reward the plaintiff with an amount equal to damages plus interest, but that the defendant
will become bankrupt and default on payment. Colon and Knoll (2017), p. 4) write:

“…if courts fail to compensate plaintiffs for the risk that defendants default, they will
undercompensate plaintiffs and enrich defendants. Therefore, to put plaintiffs and
defendants back into their positions before the injury occurred, plaintiffs must receive
compensation for the risk that defendants will default… Accordingly, the [discount
rate] should reflect the risk that the defendant defaults.”

To the extent that the damages suffered are a coerced loan, the authors argue that plaintiffs
should be awarded “interest based on the rate that the defendant would pay a voluntary
creditor for an identical loan.”

Other writers have proposed alternative motivations for selecting a discount rate in tort
cases, with recommendations including the plaintiff’s return on capital, cost of capital, and
cost of borrowing and the return on an equity market index (see, e.g., Keir & Keir, 1983;
Escher & Krueger, 2003). The rationales for these suggestions are based on the opportunity
cost the plaintiff suffers from not being able to invest the asset in a vehicle of choice. While
different arguments support the specifics, the basic principle of making the defendant
financially whole motivates the analysis.

The coerced loan theory and related literature is relevant for the choice of discount rate in
NRDA cases if we assume that the objective is to make the damaged party financially
indifferent between compensation and the no-damage counterfactual. This is a departure
from viewing the NRDA context through the lens of BCA for public investments, for which
the SRTP is clearly the appropriate paradigm. Viewing NRDA from the perspective of a
coerced loan suggests that the empirical choice of a discount rate should be based on
assessing the defendant’s cost of borrowing so as to compensate the plaintiff for the risk
of default. This logic also applies when discounting is used to compute the present value of
future damages, which account for future losses and restoration gains. In that case, payment
is made in the current period for a future liability. A higher risk of future default from the
defendant implies that the plaintiff will accept a smaller payment in the current period due to
the possibility of no payment in the future. A discount rate based on the defendant’s cost of
borrowing reflects the plaintiff’s tradeoff between a certain current payment and uncertain
future payment.
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4. A range of empirical estimates for the NRDA discount rate

In this section, we construct a range of empirical estimates of the discount rate for NRDA
based on the two paradigms discussed in the previous section. After constructing these
estimates, we present the implications of using these alternative rates in a representative
NRDA scenario. We use historical real rates of return on U.S. Treasury securities to
construct proxies for the SRTP; these rates are often considered a reasonable surrogate
(Freeman, 1993; OMB, 2003; CEA, 2017), although we note limitations with their appli-
cation elsewhere in this paper. This leads to estimates lower than the 3 % rate currently used
for NRDA. We use sector-level WACC data for representative PRP industries to construct
an average estimate that would arise from the coerced loan theory paradigm. This approach
leads to rates higher than the conventional 3 % rate.

4.1. Social rate of time preference – real rates of return on U.S. Treasury securities

To create a proxy for the SRTP using common convention, we calculated historical real rates
of return on both 3-month and 10-year U.S. Treasury securities starting in 1981. Natural
resource damages are typically assessed from the time of release or starting in 1981 – the year
after the passage of CERCLA in December 1980 – whichever is later. The 3-month term is
consistent with NOAA (1999), while Circular A-4 considered long-term government debt
(CEA, 2017), such as the 10-year term. We compiled monthly treasury returns and inflation
data from the St. Louis Federal Reserve Economic Data (FRED) service (Federal Reserve
Bank of St. Louis, 2021). Specifically, we gathered nominal 3-month treasury bill yields
(secondary market rates), nominal 10-year treasury constant maturity rate yields, and
consumer price index (CPI) data for all urban consumers. The CPI was chosen because it
is commonly applied inNRDAs (e.g., Horsch et al., 2018) and themost widely usedmeasure
of inflation (BLS, 2021). The CPI is also used as an economic indicator, to deflate economic
series, and to adjust government payments for programs such as Social Security (BLS,
2021).

We averaged the monthly values for these metrics to obtain annual estimates of nominal
Treasury yields and inflation. Annual real rates of return on 3-month T-Bill and 10-year
Treasury Notes (T-Notes) were calculated using the Fisher equation:

r ¼ 1þ ið Þ
1þπð Þ�1, (9)

where r is the real rate of return, i is the nominal interest rate, and π is the inflation rate.
Table A.1 presents the annual nominal and real rates of return on Treasury securities, as well
as the inflation rate. From 1981 to 2021, the average real rate of return on 3-month treasuries
was 0.93 %, whereas that of 10-year treasuries was 2.68 %.

We note that the real rate of return on 3-month treasuries has been negative in 15 of the
past 20 years. The average over these 20 years is also negative (�0.8 %). The real rate of
return on the 10-year treasury has been negative in a few years during the past decade. This is
a limitation of using real Treasury returns as a direct proxy for the SRTP. While the real
interest rate can be negative in a given year or across a longer time period, the SRTP for
NRDA should not be negative, in that it implies that the public would prefer to delay
consumption of natural resources, all else equal. This is inconsistent with intuition and
anecdotal observation that the public prefers environmental services sooner rather than later.
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Given this, we find that the arguments to reduce the discount rate for NRDA based on recent
and often negative real rates of return on Treasury securities (e.g., Dunford, 2018) to be
unconvincing.

4.2. Coerced loan theory – real WACC for PRP sectors

Next, we constructed a real averageWACCbased on data from representative PRP sectors to
illustrate a potential discount rate arising from the coerced loan theory paradigm. First, we
assembled median nominal WACC data for four representative PRP industries: mining and
construction, oil and gas extraction, paper and allied products, and agricultural chemicals.15

We obtained these data for 1995–2013 from Ibbotson Cost of Capital yearbooks (Ibbotson
Associates, 1995–2006; Morningstar, Incorporated, 2007–2013). These yearbooks report
medianWACCs by sector – based on Standard Industrial Classification (SIC) codes – for Q1
of each year.16 For subsequent years, we gathered data fromDuff & Phelps’sCost of Capital
Navigator, which publishes median WACCs for Q1–Q4 of each year (Duff & Phelps,
2021).17 Duff & Phelps reports WACCs by SIC code through Q2 2020 and switch to
reporting WACCs by Global Industry Classification Standard (GICS) codes thereafter.18

Table A.2 presents the median nominal WACCs for these four industries.
Next, we calculated the average annualWACC across the four sectors from 1995 to 2021.

Because sector-level WACC data are not available prior to 1995, we estimated pre-1995
WACCs using the average spread between our calculated averageWACC and the prime rate
from 1995 to 2021 and applied it to the prime rate for years between 1981 and 1994. This
approach provides a reasonable approximation for the purpose of our analysis given that the
average WACC generally moves in tandem with the prime rate from 1995 to 2021
(Table A.2).

We gathered monthly prime rate data from the FRED service (Federal Reserve Bank of
St. Louis, 2021) and calculated the average quarterly prime rate using these monthly
observations. We then calculated the average spread between the WACC and prime rate
using available quarterly observations across the two datasets (Q1 from 1995 to 2013 and for
all quarters from 2014 to 2021), which was 4.66 %. We added this spread to the quarterly
prime rates from 1981 to 1994 to estimate the average quarterly WACC across the
representative PRP sectors in these quarters. We then calculated the annual WACC by
averaging the results across quarters. Finally, we calculated the annual real WACC by
netting out inflation using the Fisher equation. From 1981 to 2021, the average real WACC
was 8.5 %.

15Other potentially relevant sectors (e.g., manufacturing) had data gaps that made them unusable in the analysis.
16 The SIC code system was created by the Interdepartmental Committee on Industrial Statistics and established

by the Central Statistical Board of the United States in the late 1930s. It was most recently revised in 1987. The
system divides industries into 10 divisions, eachwith twomajor groups (with 2-digit codes), which are broken down
further into specific 4-digit codes (Library of Congress, n.d.).

17 Ibbotson Associates/Morningstar, Incorporated discontinued the Cost of Capital yearbooks in 2013.
18 The GICS code system, which was created by MSCI and S&P Dow Jones in 1999, features 11 sectors,

24 industry groups, 69 industries, and 158 subindustries.We chose GICS codes that most closely align with the SIC
codes we selected. We use Metals &Mining (GICS 151040) in lieu of Mining & Construction (SIC 1), Oil, Gas, &
Consumable Fuels (GICS 101020) forOil&Gas Extraction (SIC 13), Paper Products (GICS 15105020) for Paper&
Allied Products (SIC 26), andChemicals (GICS 151010) for Agricultural Chemicals (SIC 287) andChemicals (SIC
28; MSCI, 2022).
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4.3. Scenario analysis

To illustrate the impact of using alternative discount rates for NRDA, we construct a simple,
but representative scenario for a hazardous waste site, in which an injury occurs over
multiple past decades and future restoration to compensate for the injury spans future
decades. Specifically, we assume a scenario where 1 acre of habitat is injured (i.e., 100 %
degraded in its ability to provide resource services relative to baseline) in 1981 and is not
returned to baseline until the end of 2021, and a restoration project that yields one credit per
acre from 2021 to 2061. While the details of the scenario could be altered, our simple design
is representative of the timing of injuries and restoration for a hazardous waste site and
demonstrates the empirical takeaway that follows. Using the widely applied HEA approach
for NRDA, we calculate the size of the restoration project needed to produce a stream of
benefits (i.e., credit in discounted service acre-years (DSAYs)) that offsets the injury
(i.e., debit in DSAYs). In an NRDA, the size of the restoration project would be scaled by
a price per acre estimate to determine damages. Since price is invariant in this example, the
required size of the restoration project can be compared across a range of candidate discount
rates.

We apply five discount rates to this scenario: 1, 2, 3, 7, and 9 %. The 1 % rate is used
because it is the approximate real rate of return on 3-month T-Bills between 1981 and 2021.
We use 3 % because it is the approximate real return on 10-year T-Notes over the same time
period, it is the standard discount rate applied inNRDA, and it is the lower bound rate applied
in federal regulatory analysis (OMB, 2003). We use 2 % as a midpoint between 1 and 3 %
because it was proposed for consideration by Dunford (2018) and CEA (2017). Finally, we
use 7%because it is the upper bound rate applied in federal regulatory analysis (OMB, 2003)
and 9 % because it is a rounded estimate of the average real WACC for representative PRP
sectors listed in Table A.2.

Table 1 shows how each discount rate impacts the required scale of restoration to offset
the injury. The first row shows the discounted debits for injury (in DSAYs) from 1981 to
2021, whereas the second row presents the discounted credits for restoring an acre
(in DSAYs) during 2021–2061, at which time the restoration project is assumed to become
nonfunctional. As the discount rate increases, the present value of the past debit increases,
whereas the present value of the future credit decreases. The third row calculates the required
size of the restoration project, computed as the debit divided by the credit. The final row
shows how the scale of restoration depends on the discount rate decision, relative to the
current 3 % standard for NRDA. While a discount rate of 1 % would more than halve

Table 1. Scenario analysis – impact of discount rate on scale of restoration for injuries.

Damage components 1 % 2 % 3 % 7 % 9 %

Debits for injury (1981–2021; DSAYs) 50.38 62.61 78.66 214.61 369.29
Credits for restoration (2021–2061; DSAYs) 33.83 28.36 24.11 14.33 11.76
Restoration acres for injury (1981–2021) 1.49 2.21 3.26 14.97 31.41
Scale of restoration relative to 3 % standard 0.46 0.68 1.00 4.59 9.63

Note: The example assumes that 1 acre of habitat is injured in 1981 (i.e., 100 % degraded in its ability to provide resource services
relative to baseline) and is not returned to baseline until the end of 2021. In addition, the assumed restoration project yields one credit
per acre from 2021 to 2061. Debits and credits are calculated as discounted service acre-years (DSAYs).
Abbreviation: DSAY, discounted service acre-year.
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damages relative to the 3 % case, applying a 9 % rate would increase damages by nearly an
order of magnitude.

5. Discussion

For the past two decades, NRDA Trustees have used a real discount rate of 3 % to resolve
hundreds of cases. This paper revisits the conceptual motivation and empirical evidence for
this discount rate and presents an updated range of rates arising from two alternative
paradigms: the SRTP and coerced loan theory. The former implies the use of lower discount
rates than the latter. For legacy hazardous waste sites in particular, where injuries may have
begunmultiple decades in the past, the choice of discount rate can affect damages by an order
of magnitude (see Table 1).

Regulations for NRDA and related guidance for BCA suggest a range of candidate
discount rates between 3 % (NOAA, 1999) and 7 % (43 CFR §11; OMB, 1992, 2003). The
lower bound of this range was informed by the SRTP paradigm, whereas the upper bound
was based on the marginal pretax rate of return on an average investment in the private
sector. We note that the SRTP paradigm does not incorporate default risk into the discount
rate, although including this risk would be consistent with existing NRDA regulations and
the legal nature of NRDA. This paper extends the discussion of potentially relevant rates by
considering the discount rates in tort cases and related legal precedents. This gives rise to
consideration of the coerced loan theory and the notion that the plaintiff has invested, albeit
unwillingly, in the defendant and should be paid the same return that would be paid to a
voluntary creditor of the defendant (i.e., the defendant’s cost of capital).

Recent papers rooted in the SRTP paradigm suggest that real risk-free discount rates of 1–
2 % could be used for NRDA (CEA, 2017; Desvousges et al., 2018; Dunford, 2018;
Table A.1), whereas literature rooted in the coerced loan theory paradigm and our supporting
analysis (Table A.2) suggest that real risk-adjusted rates in excess of 8 % are reasonable. So
which rate is correct or best?We propose two approaches to answer this question. The first is
empirical, although it involves a judgment about which paradigm is most applicable. We
provide data and supporting rationale for either decision. The second approach is practical
and rooted in NRDA experience.

While looking to market rates as an empirical proxy for the SRTP is a tractable method
(Table A.1), it is a second-best approach, given the strong assumptions necessary to link
observed risk-free interest rates to the SRTP. This limitation is especially apparent in times
when the real risk-free interest rate is negative, which has been the case in 15 of the past
20 years using the 3-month treasuries. The average real rate of return has been negative for
more than 25 years. While the real risk-free rate can be negative, intuition suggests that the
SRTP is strictly positive in NRDA cases, because the public will not pay to delay
compensation for natural resource injuries. This casts serious doubt on the reliability of
any technique deriving an SRTP from recent treasury yields. There remains a first-best
technique for the SRTP approach. Using surveys or experiments, researchers could directly
measure the actual tradeoffs members of the public are being asked to make in a particular
NRDA: foregoing consumption now in exchange for a change in natural resource services in
the future such that total utility is held constant over time. These studies could also be
designed to elicit a risk-adjusted rate accounting for the default risk of a PRP. While some
researchers have used stated preference surveys to estimate social discount rates (Kovacs &
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Larson, 2008; Viscusi et al., 2008; Meyer, 2013; Lloyd-Smith et al., 2021), the cost of
implementing such a survey for an NRDA (or set of cases once a decade for example) could
increase assessment costs significantly, prolong resolution of claims, or both. As a result, we
are not aware of any stated preference studies that have estimated the discount rate in an
NRDA context.

For practitioners subscribing to the coerced loan theory paradigm, the first-best empirical
strategy is to construct an average WACC over the time period of analysis for the specific
PRP(s) in question. A WACC is constructed by calculating a company’s cost of capital
components (i.e., debt and equity capital), calculating the proportion that debt and equity
capital contribute to the business, and weighting the components. Specific guidance can be
found in numerous other sources (e.g., Giddy, 2006, n.d.; Brealey et al., 2020). A second-
best approach under the coerced loan theory is to use the sector-level averages we have
provided in Table A.2. It bears emphasis that defensible WACC estimates are available,
while the application of the real risk-free rate under the SRTP is a dubious endeavor
(as described in the previous paragraph). Furthermore, application of theWACC for NRDA
seems most appropriate given that NRDA is a legal process, not a public policymaking
context where the SRTP would be the appropriate discount rate.

In the absence of agreed-upon methods and original research for measuring the SRTP
using Equation (5), or general adoption of the coerced loan theory (the latter of whichwe find
most reasonable), selection of a discount rate for NRDA cases will continue to rely on
proxies and compromise. Given this, we suggest that practitioners continue using 3 % or
some rate mutually agreed upon between Trustees and PRP(s) for a given case. Hundreds of
NRDAs have settled based on the 3 % rate, and it is near the middle of the range implied by
the two competing paradigms – a compromise position that may be suitable for continuing to
resolve NRDA claims.

To close, it seems unlikely in the foreseeable future that researchwill determine the “best”
discount rate to use for NRDA. Therefore, this paper has provided an objective summary and
assessment of the practical alternatives with the goal of offering paths forward for NRDA
practitioners to consider.
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Appendix

Table A.1 Social rate of time preference proxies – real returns on 3-month and 10-year
treasuries.

Year

Nominal
3-month

treasury yield

Nominal
10-year

treasury yield

Annual
inflation
rate

Real
3-month
treasury
yield

Real 10-year
treasury
yield

1981 14.03 % 13.91 % 10.33 % 3.34 % 3.24 %
1982 10.61 % 13.00 % 6.13 % 4.22 % 6.47 %
1983 8.61 % 11.11 % 3.21 % 5.23 % 7.65 %
1984 9.52 % 12.44 % 4.30 % 5.01 % 7.80 %
1985 7.48 % 10.62 % 3.55 % 3.80 % 6.84 %
1986 5.98 % 7.68 % 1.90 % 4.00 % 5.68 %
1987 5.78 % 8.38 % 3.66 % 2.04 % 4.55 %
1988 6.67 % 8.85 % 4.08 % 2.49 % 4.58 %
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Table A.1 Continued

Year

Nominal
3-month

treasury yield

Nominal
10-year

treasury yield

Annual
inflation
rate

Real
3-month
treasury
yield

Real 10-year
treasury
yield

1989 8.11 % 8.50 % 4.83 % 3.13 % 3.50 %
1990 7.49 % 8.55 % 5.40 % 1.99 % 2.99 %
1991 5.38 % 7.86 % 4.23 % 1.09 % 3.48 %
1992 3.43 % 7.01 % 3.03 % 0.39 % 3.86 %
1993 3.00 % 5.87 % 2.95 % 0.04 % 2.84 %
1994 4.25 % 7.08 % 2.61 % 1.60 % 4.36 %
1995 5.49 % 6.58 % 2.81 % 2.61 % 3.67 %
1996 5.01 % 6.44 % 2.93 % 2.02 % 3.41 %
1997 5.06 % 6.35 % 2.34 % 2.66 % 3.92 %
1998 4.78 % 5.26 % 1.55 % 3.18 % 3.66 %
1999 4.64 % 5.64 % 2.19 % 2.40 % 3.37 %
2000 5.82 % 6.03 % 3.38 % 2.36 % 2.57 %
2001 3.39 % 5.02 % 2.83 % 0.55 % 2.13 %
2002 1.60 % 4.61 % 1.59 % 0.02 % 2.98 %
2003 1.01 % 4.02 % 2.27 % �1.23 % 1.71 %
2004 1.37 % 4.27 % 2.68 % �1.27 % 1.56 %
2005 3.15 % 4.29 % 3.39 % �0.24 % 0.87 %
2006 4.73 % 4.79 % 3.23 % 1.45 % 1.52 %
2007 4.35 % 4.63 % 2.85 % 1.46 % 1.73 %
2008 1.37 % 3.67 % 3.84 % �2.38 % �0.17 %
2009 0.15 % 3.26 % �0.36 % 0.51 % 3.63 %
2010 0.14 % 3.21 % 1.64 % �1.48 % 1.55 %
2011 0.05 % 2.79 % 3.16 % �3.01 % �0.36 %
2012 0.09 % 1.80 % 2.07 % �1.94 % �0.26 %
2013 0.06 % 2.35 % 1.46 % �1.39 % 0.87 %
2014 0.03 % 2.54 % 1.62 % �1.56 % 0.90 %
2015 0.05 % 2.14 % 0.12 % �0.07 % 2.01 %
2016 0.32 % 1.84 % 1.26 % �0.93 % 0.57 %
2017 0.93 % 2.33 % 2.13 % �1.17 % 0.20 %
2018 1.94 % 2.91 % 2.44 % �0.49 % 0.46 %
2019 2.06 % 2.14 % 1.81 % 0.24 % 0.33 %
2020 0.37 % 0.89 % 1.23 % �0.86 % �0.34 %
2021 0.05 % 1.32 % 1.68 % �1.60 % �0.36 %

Average 3.86 % 5.66 % 2.89 % 0.93 % 2.68 %

Source: All data featured in this table are from the Federal Reserve Bank of St. Louis (FRED; Federal Reserve Bank of St. Louis,
2021).
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Table A.2 Historical WACCs for PRP industries.

Year

WACC –

mining and
construction

WACC – oil
and gas
extraction

WACC – paper
and allied
products

WACC –

agricultural
chemicals

Average
WACC

Primate
rate

Average WACC
w/pre-1995
estimates

Average
real

WACC

1981 — — — — — 18.87 23.53 11.96
1982 — — — — — 14.86 19.52 12.62
1983 — — — — — 10.79 15.46 11.86
1984 — — — — — 12.04 16.70 11.89
1985 — — — — — 9.93 14.60 10.67
1986 — — — — — 8.33 12.99 10.89
1987 — — — — — 8.20 12.87 8.88
1988 — — — — — 9.32 13.98 9.51
1989 — — — — — 10.87 15.54 10.22
1990 — — — — — 10.01 14.67 8.80
1991 — — — — — 8.46 13.13 8.53
1992 — — — — — 6.25 10.91 7.65
1993 — — — — — 6.00 10.66 7.49
1994 — — — — — 7.14 11.80 8.96
1995 8.82 8.53 11.48 9.71 9.64 8.83 9.64 6.64
1996 8.22 8.79 9.81 8.64 8.87 8.27 8.87 5.76
1997 10.10 10.30 9.19 10.64 10.06 8.44 10.06 7.54
1998 10.13 9.93 10.13 13.45 10.91 8.35 10.91 9.21
1999 11.09 11.49 9.62 17.31 12.38 7.99 12.38 9.97
2000 12.27 12.45 12.14 12.58 12.36 9.23 12.36 8.69
2001 11.35 11.37 11.07 12.47 11.57 6.92 11.57 8.50
2002 11.77 11.77 11.59 11.90 11.76 4.68 11.76 10.01
2003 9.99 10.00 9.98 8.70 9.67 4.12 9.67 7.23
2004 9.30 9.46 9.43 8.33 9.13 4.34 9.13 6.28
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Table A.2 Continued

Year

WACC –

mining and
construction

WACC – oil
and gas
extraction

WACC – paper
and allied
products

WACC –

agricultural
chemicals

Average
WACC

Primate
rate

Average WACC
w/pre-1995
estimates

Average
real

WACC

2005 9.61 9.76 9.52 8.92 9.45 6.19 9.45 5.86
2006 10.92 10.41 10.19 10.58 10.53 7.96 10.53 7.07
2007 9.74 11.53 10.44 10.95 10.67 8.05 10.67 7.60
2008 11.57 11.09 11.44 11.78 11.47 5.09 11.47 7.35
2009 13.43 13.11 11.71 12.07 12.58 3.25 12.58 12.98
2010 11.90 11.82 11.92 9.63 11.32 3.25 11.32 9.52
2011 11.55 11.21 11.33 9.02 10.78 3.25 10.78 7.39
2012 10.08 10.01 10.03 7.87 9.50 3.25 9.50 7.28
2013 9.43 9.36 9.73 7.04 8.89 3.25 8.89 7.32
2014 9.70 9.78 8.63 8.28 9.09 3.25 9.09 7.35
2015 9.43 9.03 8.35 8.03 8.71 3.26 8.71 8.58
2016 9.48 9.28 9.00 8.40 9.04 3.51 9.04 7.68
2017 8.63 8.63 8.28 7.33 8.21 4.10 8.21 5.96
2018 8.55 8.75 8.28 8.33 8.48 4.90 8.48 5.89
2019 8.38 8.63 8.20 8.23 8.36 5.28 8.36 6.43
2020 9.20 10.33 8.38 8.40 9.08 3.54 9.08 7.75
2021 8.55 9.10 8.35 8.35 8.59 3.25 8.59 6.79

Average 10.12 10.22 9.93 9.89 10.04 7.00 11.64 8.50

Sources: This table includesWACC data from Ibbotson Cost of Capital yearbooks (IbbotsonAssociates, 1995–2006;Morningstar, Incorporated, 2007–2013) for 1995–2013 and fromDuff & Phelps (2021)
for 2014–2021. All prime rate data were collected from the Federal Reserve Bank of St. Louis (FRED; Federal Reserve Bank of St. Louis, 2021).
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