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Abstract
Results from economic evaluations of long-term outcomes are strongly dependent on the chosen discount rate. A recent 
review of national guidelines for evaluation of healthcare interventions finds that “the level of currently used discount rates 
seems relatively high in many countries”. However, this conclusion comes from a comparison to rates derived or observed 
for investments in safe assets, while rate of return requirements are typically considerably higher when investment involves 
risk. This paper reviews recent literature on how to account for project-specific risk in determination of the social rate of 
discount and discusses implications for economic evaluation of healthcare interventions. It concludes that the available 
empirical evidence strongly suggests that the demand for and consumer value of health and healthcare is co-variant with 
income, which therefore implies that there is a non-diversifiable risk component of health-related investment.
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1 Boardman et al. [2] and Atkinson et al. [3] present compilations of 
recommended discount rates in national guidelines for benefit–cost 
analysis of public investments in a range of (mostly OECD) countries.
2 A comprehensive textbook treatment of the state of the art with 
focus on health-economics applications is in Brent ([4], Ch. 7).

Introduction

The long-term investment nature of many health-care inter-
ventions, such as vaccination programs or prenatal treat-
ments, makes outcomes of economic evaluations strongly 
dependent on the choice of the discount rate. Both the 
finance literature and some recent research on social dis-
counting put emphasis on how to adjust discount rates for 
project-specific risk but this aspect has hitherto been largely 
ignored within health economics. This paper gives a brief 
introduction to some new results within discounting theory 
and sets out implications for health-care analysis.

A recent overview of national guidelines on discounting 
in health economic evaluations in 24 countries by Attema, 
Brouwer and Claxton [1] shows that recommended rates 
vary between 0 and 5%.1 The most common rate is 5%, fol-
lowed by 3%. Based on a review of theoretical literature,2 
the authors argue that these rates are on the high side and 
that lower rates may be considered to be more appropriate. 

However, as shown in their overview, most national guide-
lines are based on either a “descriptive” opportunity cost or a 
“prescriptive” social time preference approach, which in the 
former case is based on “risk-free” market rates of long-term 
government bonds and in the latter case on a parametrization 
of the so-called Ramsey equation (that will be described 
below). In both cases, this means that the discount rate does 
not include a project-specific risk term accounting for the 
non-diversifiable risk of an intervention or investment.

A common justification for ignorance of the risk-term3 
within public and health economic evaluations has for long 

3 Notice that the motive for a risk term is that uncertainty comes with 
a cost, i.e., people are risk averse and therefore are willing to pay more 
for a certain outcome than for a lottery with an equal expected (prob-
ability-weighted) outcome, and further that this difference increases 
with the magnitude of the uncertainty (or risk). Economic evaluations 
regularly report and analyse uncertainty of results by calculation of 
confidence intervals, sensitivity analysis, break-even analysis, and 
sometimes option-value analysis. The cost of uncertainty (or risk) can 
be included in the analysis in several ways, for instance by replacing 
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been a famous claim by Arrow and Lind [5] that “the gov-
ernment undertakes a wide range of public investments and 
it appears reasonable to assume that their returns are inde-
pendent”, thus implying that such risk can be diversified 
away. However, as several authors have recently emphasized, 
this claim is fallacious (e.g., [3, 6–9]) since these returns 
can be expected to be correlated with the overall macro-
economy, which means that some risk component is not idi-
osyncratic.4 Based on this observation, recent research has 
examined ways for determining risk-adjusted social discount 
rates, employing the consumption-based capital asset pricing 
model (CCAPM) [10–12], which is a standard “workhorse” 
model for such analysis. The purpose of this article is to 
give a brief introduction to some of this current work and to 
discuss how it can be applied to health economics.

The next section gives a background on the social rate 
of discount and Sect. 3 reviews two recently suggested 
approaches to risk differentiation of this rate. In Sect. 4 
implications for discounting in healthcare is discussed based 
on some empirical evidence. A few conclusions follow in 
the final section.

The social rate of discount

A planner that wants to get an appropriate discount rate for 
evaluation of a public-funded program has a basic choice 
between using a market-based rate or an estimate of the 
Social Rate of Time Preference (STP). The main argu-
ment for the first approach is that it will reflect the actual 
opportunity cost of the resources used in the public pro-
gram, and the main argument for the second approach is that 

social preferences may not coincide with market revealed 
preferences.

The main difficulty in the application of the market-based 
approach is the multitude of rates to choose among. Rates 
come nominal or real valued, before tax or after tax, with a 
term structure, and vary depending on the risk of the under-
lying security in ways that still are not very well understood. 
In small open economies that are part of the global financial 
market the opportunity cost of public spending is predomi-
nantly the (pre-tax) global market rate. Jordà et al. [13] have 
recently compiled data on long-run returns on government 
bonds, short-term bills, equities and housing in advanced 
economies from 1870. They find that real safe returns in 
peacetime periods have been low, in the 1–3% range, but 
quite volatile, while the ex-post risky rate on both equities 
and housing has been quite stable averaging between 6 and 
8%. In comparison, Attema et al. [1] observe that several 
countries recommend discount rates for health economic 
evaluations based on the cost of government borrowing, 
for instance the 5-year real risk-free government bond rate 
in New Zealand. A notable exception is the United States, 
which was not included in the overview. The US federal 
guidelines recommend 7%, which “approximates the mar-
ginal pre-tax rate of return on an average investment in the 
private sector in recent years” [14]. In fact, this seems to 
be the only country taking the market-based approach that 
includes a risk term representing (average) project risk.5 6

The STP approach has been developed along two lines 
in the theoretical literature: (1) the Ramsey model, which 
is based on deterministic conditions, and (2) the CCAPM 
model, which explicitly takes risk into account. The first has 
its origins in a study by Ramsey [15] that asked how much 
a nation should save. To answer, he set up a model where 
social welfare is expressed as the sum of a infinite stream of 
instantaneous utility u

(

ct
)

 from consumption ct discounted 
at a constant rate �. Maximizing the social welfare specified 
in this way results in a first-order condition that with some 
simplifying technical assumtions (iso-elastic utility and a 
constant rate of growth of consumption per capita) gives 
the Ramsey equation

(1)r = � + �g,

5 This applies to”programs that provide benefits and costs to the 
general public”. For “cost-effectiveness analysis of internal planning 
decisions of the Federal Government” the guidelines instructs use of 
a risk-free real rate derived from rates on government bonds [14].
6 However, “risk-free” rates may be affected by overall macro-eco-
nomic risk. For example in the Ramsey equation (se Eq. 1 below), the 
term representing “pure time preference” may be affected by consid-
eration of the possibility of future global catastrophes (such as a hit 
by a comet). For example in the UK such catastrophe risk is explicitly 
taken into account.

4 This is in fact stated by Arrow and Lind [5], remarking that the 
results “depend on returns from a public investment being inde-
pendent on other components of national income” (p. 373). Prob-
ably, the reason that this has gone unnoticed by many is the analogy 
often made to the more well-known risk pooling in insurance (that 
is, when a large collective of individuals share evenly the burden of 
some unfortunate outcome, for instance a house fire). But this popu-
lar analogy ignores that insurance typically covers costs of events that 
are uncorrelated with national income. Also, some may think that 
returns from public investment are mostly associated with collective 
consumption such as defense and that the value of this is not income 
elastic. However, a large part of government consumption is indi-
vidual consumption (63% in 2019 in the EU), and also many benefits 
of collective consumption such as access to roads are correlated with 
national income (for instance, the value of travel-time savings).

uncertain outcomes with certainty equivalents (with a lower value), 
but here we focus on the standard procedure, which is to add a risk 
term to the discount rate.

Footnote 3 (continued)
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 where � is the elasticity of marginal utility with respect to 
consumption and g is the rate of growth of consumption 
per capita. The first term is the pure time preference, due to 
unequal weighting of the utility of different generations or 
impatience within a generation, or both. The second term 
takes care of the fact that a long-term investment in a grow-
ing economy is a transfer from the poor (current generation) 
to the rich (subsequent generations), and adjusts the discount 
rate in proportion to the expected relative decrease of the 
marginal utility of consumption due to growth in consump-
tion per capita.

The second model, the CCAPM, is derived in a frame-
work where a representative consumer maximizes the 
total expected utility from current consumption u

(

c0
)

 and 
expected future consumption Eu

(

ct
)

 discounted with the util-
ity discount rate �. Again applying some simplifying techni-
cal assumptions (iso-elastic utility, growth is a Brownian 
motion and returns and the log of per capita consumption 
are jointly normally distributed) to the first-order condition 
gives the CCAPM equation:

 where the first term on the right-hand side is the risk-free 
rate of discount and the second term is the risk term for a 
specific project i. This term is the product of the project 
beta and the average risk premium � . The project beta is a 
measure of how the total consumption per capita risk (vola-
tility) is affected by the project. It is defined as the covari-
ance between the project returns and overall consumption 
per capita over the variance of consumption per capita. It 
can be noticed that total consumption can be regarded as the 
returns from all individual projects (including investment in 
human and natural resource capital), which implies that the 
average beta is unity. As a large part of total consumption in 
modern economies is public consumption this implies that it 

(2)ri = rf + �i�,

is unlikely that project beta of an average public investment 
is zero, in contrast to the previously cited claim made by 
Arrow and Lind [5].7

An obvious difference between the Ramsey and CCAPM 
models,8 is that only CCAPM accounts for the fundamental 
fact that the future is not just happening at another time 
than the present but also uncertain.9 In the standard sim-
ple «Gaussian» representation given above uncertainty is 
measured by the standard deviation, which means that other 
moments of the probability distribution, possibly giving rise 
to skewness and fat tails, are disregarded. This is important 
because it can be shown that this implies that the risk pre-
mium � is proportional to the variance of consumption per 
capita, which with historical data and plausible values of 
the elasticity of marginal utility implies a level of the risk 
premium that is of an order of 0.1 relative to actual risk 
premiums on asset markets (which is «the equity premium 
puzzle», [17]). Several explanations have been suggested, for 
instance that stock investors have a strong aversion against 
risk in poor macroeconomic states, that is, «individuals fears 
stocks primarily because they do bad in recessions» [18], 
or that, as shown by Barro and Jin [19] the puzzle partly 
vanishes when fat-tail properties of the probability distri-
bution (i.e., low-probability disasters such as stock-market 
crashes) are considered. However, recent evidence show-
ing high risk-premia not just for stocks but also for housing 
seem to magnify the puzzle and reduce the scope for these 
explanations [20].

As noticed in the introduction, the overview of current 
practices in health economics by Attema et al. [1] suggests 
that guidelines in most countries focus on the risk-free 
component of the social discount rate, building on either 
risk-free government bond rates or parametrization of the 
Ramsey rule. In the remainder of this article, I will, there-
fore, discuss what insights current research building on the 
CCAPM framework can provide for discounting in health 
economics.

Two approaches to risk‑adjustment based 
on CCAPM

Research on risk-adjustment of social-discount rates is quite 
novel and many aspects remain to be considered. Here I will 
summarize two recent contributions that give some guidance 
into how to derive the risk term in specific cases: The tail-
hedge gamma and the elasticity-based beta. The centre of 
analysis is the correlation between returns from a portfolio 

7 Baumstark and Gollier [7] make this point.
8 There is a seemingly close correspondence between the Ramsey 
and the CCAPM models in an economy where the consumer is a rep-
resentative agent that therefore also can be seen as the social planner. 
However, the parameter γ has different interpretations in these mod-
els. In the Ramsey model 1/γ is the elasticity of intertemporal substi-
tution while in the CCAPM γ is the coefficient of relative risk aver-
sion. These are separate aspects, though both relate to the curvature 
of utility functions.
9 Except for in the way that is mentioned in note 6.In this brief over-
view I have not mentioned “the augmented Ramsey rule”, which is an 
extension of Eq. (1) that accounts for the volatility of macroeconomic 
growth (the g parameter in Eq.  (1)), see Gollier [16]. One reason is 
that I want to focus on project risk, another that this extension is of 
practical importance mostly for very long time horizons (such as in 
climate policy), see Gollier [16]. To give a numerical example of the 
magnitudes involved, consideration of project risk can affect whether 
to add, say, a 4% risk term to the risk-free rate. In contrast, the macro-
economic risk component of the augmented Ramsey rule is in a cali-
bration to United States annual data found to reduce the discount rate 

by 0.4% point [16, p. 48], thus suggesting that project risk is an order 
of magnitude more important.

Footnote 9 (continued)
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of investment objects or specific programs within a sector 
and the overall macroeconomy.

The tail‑hedge gamma

Weitzman [21, 22] has developed a model for calculation of 
the social rate of discount for investments in risky assets. He 
argues that in consideration of real-world risk, risk-averse 
investors expect that low-probability large loss events are 
somewhat more likely than what is implied by the normal 
distribution. He shows that with otherwise standard assump-
tions on the parameters of the Ramsey equation it is possible 
to reconcile the Ramsey equation with empirically observed 
levels of the risk-free rate and equity premium.

He then assumes that the undiscounted net benefit of an 
investment can be decomposed as a linear combination of 
contemporary consumption and a project-specific random 
variable that is uncorrelated with consumption (which there-
fore can be made deterministic by diversification over a pool 
of projects). He shows that the discount rate for a project 
will be an average of the risk-free rate and the rate of a risky 
investment, where weights are given by the discount fac-
tors and “the fraction of expected payoffs that on average 
is due to the uncertain macro-economy” ([21], p. 15, italics 
in original).

Weitzman does not indicate how this decomposition 
can be empirically estimated. This issue has recently been 
explored in [23–25]. An especially useful result from [24] 
is that if projects returns and aggregate consumption follow 
Brownian motion and are co-integrated then the fraction of 
the risk rate is unity, i.e., the discount rate equals the risk 
rate. Consistent with this, it is well established in empirical 
research that long-term relationships between stock prices 
and GDP or dividends and GDP are co-integrated [26].10

This model is developed primarily for the purpose of ana-
lysing catastrophic risks and not investment risk associated 
with variation within “normal” boundaries. In addition, as 
shown by Weitzman, the assumptions of the model imply 
that short-term beta is one or below one, which clearly is 
very restrictive and could mislead investors in “normal-risk” 
cases. However, the take-home message from this analysis 
for the health sector is that there may be reasons to use a low 
discount rate in the evaluation of long-term investments that 
provide protection in catastrophic events.

Elasticity‑based beta

A recent study by Cherbonnier and Gollier [28] addresses 
the task of estimating CCAPM beta for public investment 
in a novel way. They assume that investments are made that 
enable production and consumption of services and that 
demand and supply relations that can be described by log-
linear equations in price and income, thus by constant elas-
ticities. On the demand side, the consumers’ instantaneous 
benefit of the service is

 which gives the following demand function

 where xd is demand, C is income (or aggregate consump-
tion), p is price, �

�
 is the income elasticity of demand, � is 

the income elasticity of the consumer valuation (willing-
ness to pay), and − 1

�
 is the price elasticity ( 𝛼 < 1) . A similar 

log-linear equation is specified for the supply, however, the 
main attention is paid to the three special cases: Case 1 sup-
ply is perfectly inelastic, Case 2 supply is perfectly elastic, 
and Case 3 supply is perfectly inelastic but with a limited 
capacity.

Assuming that growth of C is Brownian motion with a 
linear trend, and variable cost is Brownian motion, Cher-
bonnier and Gollier [28] show the following results for the 
CCAPM beta in the three special cases:

1. 1 (perfectly inelastic supply): constant beta, � = �

2. 2 (perfectly elastic supply): constant beta, � =
�

�

3. 3 (limited capacity): declining beta, from � = � to � =
�

�

Notice that since 𝛼 < 1 the income elasticity of demand is 
by assumption higher than the income elasticity of the will-
ingness to pay. Thus these results tell that in the combined 
case 3, which for instance could represent an infrastructure 
investment where services are supplied at a constant mar-
ginal cost up to the capacity limit, then beta for short maturi-
ties is close to the demand elasticity with respect to income 
and for long maturities approaches the willingness to pay 
elasticity with respect to income.

In interpreting these results it should first be observed 
that, in a growing economy, a high-income elasticity of 
benefits means, on the one hand, a more rapid growth of 
the nominal (undiscounted) benefits, on the other hand a 
higher beta, and therefore a higher risk-adjusted discount 
rate. The net effect on the present value can go in either 

(3)B = �C� x1−�

1 − �
,

(4)ln xd =
1

�
ln � +

�

�
lnC −

1

�
ln p,

10 This is consistent with standard macroeconomic theory, although 
an exception may be the case of a small open economy with fixed 
exchange rates [27].
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direction [28, p. 7].11 The polar cases 1 and 2 have dif-
ferent implications for how income growth affects the 
quantity and price of the service. In case 2, with perfectly 
elastic supply, price will stay constant but the quantity 
demanded will vary proportionally to income, at a degree 
equal to the income elasticity of demand. In the polar case 
1, quantity will be constant but price will vary, with the 
income elasticity of the willingness to pay as the factor of 
proportionality.

Implications for discounting in healthcare

Obviously the covariance between health care consumption 
and for instance GDP per capita may vary a lot across differ-
ent types of health care purposes. Cherbonnier and Gollier 
[28] remark that one implication of their analysis is that 
the risk term will have the same sign as the income elastic-
ity, and they suggest that there may be examples of inferior 
goods, associated with a negative risk term, within health. 
One can think of the capacity for health care during disas-
ters that strike both the economy and health. However, here 
we will focus on the level of total national expenditure on 
health, that is, implications for general-purpose investments 
that provide the means for the supply of a range of health-
care services, such as education of physical practitioners.

A first question is then if there is a positive “tail-hedge 
gamma” that would make it possible to separate a risk-
free component of returns on such investments. As noticed 
above, this can be answered by co-integration analysis. A 
quite common finding in the literature (e.g., [30, 31]) is that 
total healthcare expenditure is co-integrated with GDP per 
capita, thus indicating that separation of a linear risk-free 
component of returns is not possible at this aggregation 
level.

Next question concerns the size of the beta in a CCAPM. 
In the model of Cherbonnier and Gollier [28], it is at least 
as high as the income elasticity of demand. Another theo-
retical prediction [32] is that this parameter should exceed 
unity, the reason being that spending on health to extend life 
allows individuals to purchase additional periods of utility. 
This means that unlike the marginal utility of consumption 
of other goods, the marginal utility of life extension does 
not decline.12 This implies that health care is a luxury good, 

leading to increasing GDP share spending on health care. 
And indeed this is what generally can be observed in the sta-
tistics, for instance the average GDP share of the OECD35 
countries rose from 8 to 9% from 2003 to 2016 [33, Ch. 7]. 
However, this may partly be due to the aging of the popula-
tion, giving rise to higher health-care needs simultaneously 
with income growth. Chakroun [34] finds that it may so be 
and that controlling for this factor, the income elasticity is 
slightly below unity for most OECD countries. Another 
study with a similar finding is Acemoglou, Finkelstein and 
Notowidiglo [35] that uses an instrument-variable approach 
and reports a central-value estimate for this parameter at 0.7. 
However, they examine hospital expenditure and not total 
health expenditure which may lead to an underestimation.

Studies using cross-sectional data on individuals typically 
have found low or zero income elasticity, but that may be 
caused by omitted-variable bias, as people with high income 
may have fewer health problems. A recent study with such 
data that uses a natural experiment (the “social security 
notch” in the US) to overcome this problem is Tsai [36]. She 
finds that out-of-pocket medical expenditures of the elderly 
have income elasticity close to one, and significantly exceed 
unity among elderly with low education.

Hammit and Robinson [37] review some studies of the 
income elasticity of the value per statistical life (VSL), i.e., 
a measure of the willingness to pay for health. They find 
that, as for the income elasticity of demand, cross-sectional 
micro-level data typically reveal very low magnitudes, but 
longitudinal studies, cross-country comparisons and esti-
mates from quantile regressions all suggest that the income 
elasticity of VSL is greater than unity. However, more 
recently Masterman and Viscusi [38] conclude from a meta-
analysis of findings from stated-preference studies of VSL 
that the income elasticity is 0.55 for rich countries and 1.0 
for low-income countries.

Conclusion

There is a wide discrepancy between the literature on dis-
counting in the finance and macro-finance literature and the 
current practices and guidelines for the economic evaluation 
of healthcare. This has recently been noticed also by Claxton 
et al. [39]. As shown by Attema et al. [1] health-economics 
guidelines consistently ignore the risk term of the social dis-
count rate. It can be noticed that these guidelines have until 
recently been in full agreement with the treatment of this 
issue in several standard textbooks on cost–benefit and cost-
utility analysis, for instance Brent ([4], Ch. 7). The fifth edi-
tion of Boardman et al. [2] though comments in passing that 
“Finally, some authors argue that the risk-free rate should 
be adjusted for the particular risk of a particular project” 
(p. 247). Possibly, an indication that the tide is changing 

11 As an example, Dietz et al. [29] in an analysis of the investment-
specific risk of climate-change mitigation find that the net present 
value of carbon emissions abatement is increasing in the”climate 
beta”, as the increase of the undiscounted stream of benefits domi-
nates the discounting effect.
12 However, as pointed out by an anonymous reviewer, when dimin-
ished health-related quality of life due to advanced age is taken into 
account, it is not credible that the marginal utility of life extension 
does not decline.
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is the recently updated edition of OECD’s guidelines on 
“Cost-Benefit Analysis and the Environment” [3] that now 
include a review of some literature on risk-adjustment of 
social discount rates.

In contrast, the upshot of the macroeconomics and finance 
literature is that the discount rate includes a risk term that is 
the product of a general risk premium and a factor (“beta”) 
that reflects investment-specific risk. While this is standard 
in the analysis of private investment is also applicable to 
the evaluation of public investment, such as public-funded 
health measures, and therefore to the social rate of discount.

Further, the available empirical evidence strongly sug-
gests that the demand for and consumer value of health 
and healthcare is co-variant with income, which therefore 
implies that there is a non-diversifiable risk component 
of health-related investment. However, it is important to 
observe that in a growing economy this association affects 
both the numerator (the stream of undiscounted net ben-
efits) and the denominator (the discount factor) of the net 
present value expression.13 Another way to put this is that 
if the undiscounted benefit of an investment is expected to 
grow exponentially at a constant rate g during the life of the 
investment, then the present value of benefits can be com-
puted from the initial benefit B and the effective discount 
rate r-g.14 Both r and g will be affected by income growth.

One purpose of the review article by Attema et al. [1] 
was to propose “a research agenda with topics that deserve 
special attention in the search for improved discounting 
guidelines” (p. 755). In conclusion, of this comment to their 
review, I want to add to their list the need for research on 
how to estimate relevant magnitudes of investment-specific 
risk-terms of the discount rates.

Acknowledgements I am grateful for comments on the manuscript 
by Christian Gollier, Niclas Krüger , two anonymous reviewers and 
seminar participants at Umeå University, Örebro University and the 
European Conference of the Society of Benefit-Cost Analysis, Tou-
louse Nov. 26-27, 2019.

Funding Open Access funding provided by Örebro University.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Attema, A.E., Brouwer, W.B.F., Claxton, K.: Discounting in eco-
nomic evaluations. PharmacoEconomics 36, 745–758 (2018)

 2. Boardman, A.E., Greenberg, D.H., Vining, A.R., Weimer, D.L.: 
Cost-Benefit Analysis. Concepts and Practice, 5th edn. Cam-
bridge, Cambridge University Press, (2018)

 3. Atkinson, G., Braathen, N.A., Groom, B., Mourato, S.: Cost-
Benefit Analysis and the Environment. Further Developments and 
Policy Use. Paris: OECD Publishing (2018)

 4. Brent, R.J.: Cost-benefit analysis and health care evaluations, 2nd 
edn. Cheltenham, Elgar, (2016)

 5. Arrow, K.J., Lind, R.C.: Uncertainty and the evaluation of public 
investment decisions. Am. Econ. Revi. 60, 364–378 (1970)

 6. Sandmo, A.: Discount rates for public investment under uncer-
tainty. Inte. Econ. Rev. 13(2), 287–302 (1972)

 7. Baumstark, L., Gollier, C.: The relevance and the limits of the 
Arrow-Lind Theorem. J. Nat. Resour. Policy Res 6(1), 45-49 
(2014)

 8. Gollier, C., Hammit, J.K.: The long-run discount rate controversy. 
Annu. Rev. Resour. Econ. 6, 8.1-8.23 (2014)

 9. Lucas, D.: Rebutting arrow and lind: why governments should use 
market rates for discounting. J. Nat. Resourl Policy Resl 6, 85–91 
(2014)

 10. Rubinstein, M.: The Valuation of Uncertain Income Streams and 
the Pricing of Options. Bell J. Econ. 7, 407-25 (1976)

 11. Lucas, R.: Asset prices in an exchange economy. Econometrica 
46, 1429–1446 (1978)

 12. Breeden, D.T.: An intertemporal asset pricing model with sto-
chastic consumption and investment opportunities. J. Fin. Econ. 
7, 265–96 (1979)

 13. Jordà, O., Knoll, K., Kuvshinov, D., Schularick, M., Taylor, A.M.: 
The rate of return on everything, 1870 – 2015. Q. J. Econ. (2019) 
(forthcoming)

 14. OMB A-94: Circular A-94 guidelines and discount rates for ben-
efit-cost analysis of federal programs. Office of Management and 
Budget, United States, December 2018 (2018)

 15. Ramsey, F.P.: A mathematical theory of saving. Econ. J. 38(152), 
543–59 (1928)

 16. Gollier, C.: Pricing the Future: The Economics of Discounting and 
Sustainable Development. Princeton University Press, Princeton 
(2011)

 17. Mehra, R., Prescott, E.C.: The equity premium: a puzzle. J. Monet. 
Econ. 15, 145–161 (1985)

 18. Campbell, J.Y., Cochrane, J.H.: By force of habit: a consumption-
based explanation of aggregate stock market behavior. J. Polit. 
Econ. 107(2), 205–251 (1999)

 19. Barro, R.J., Jin, T.: Rare Events and Long-Run Risks. NBER 
Working Paper No. 21871, and New Version: http://schol ar.harva 
rd.edu/files /tjin/files /relrr .pdf (2018). Accessed Jan 20, 2021.

 20. Jordà, O., Schularick, M., Taylor, A. M.: The total risk premium 
puzzle. CEPR Discussion Paper No. DP13595 (2019). https ://ssrn.
com/abstr act=33600 62. Accessed 20 Jan 2021.

 21. Weitzman, M.L.: Rare disasters, tail-hedged investments, risk-
adjusted discount rates. Working Paper 18496, National Bureau 
of Economic Research (2012)

 22. Weitzman, M.L.: Tail-hedge discounting and the social cost of 
carbon. J. Econ. Lit. L1(3), 873–882 (2013)

 23. Hultkrantz, L., Krüger, N., Mantalos, P.: Risk-adjusted Social Rate 
of Discount for Transportation Investments. Res. Transport. Econ. 
47, 70–81 (2014)

13 This connection is not made clear by Claxton et al. [39].
14 The present value of a growing annuity is PV =

B

r−g
[1 −

(

1+g

1+r
)N
]

 
where N is the life length of the investment.

http://creativecommons.org/licenses/by/4.0/
http://scholar.harvard.edu/files/tjin/files/relrr.pdf
http://scholar.harvard.edu/files/tjin/files/relrr.pdf
https://ssrn.com/abstract=3360062
https://ssrn.com/abstract=3360062


363Discounting in economic evaluation of healthcare interventions: what about the risk term?  

1 3

 24. Mantalos, P., Hultkrantz, L.: “Estimating “Gamma” for tail-hedge 
discount rates when project returns are co-integrated with GDP. 
Appl. Econl 50(37), 4074–4085 (2018)

 25. Hultkrantz, L., Mantalos, P.: Hedging with trees: tail-hedge dis-
counting of long-term forestry returns. J. For. Econ. 30, 52–57 
(2018)

 26. Alexius, A., Spång, D.: Stock prices and GDP in the long run. J. 
Appl. Finance Bank. 8(4), 107–126 (2018)

 27. Baker, D., Bradford DeLong, J., Krugman, P.: Asset returns and 
economic growth. In: Brookings Papers on Economic Activity, 1 
(2005)

 28. Cherbonnier, F., Gollier, C.: The economic determinants of risk-
adjusted social discount rates. Toulouse School of Economics, 
Working Paper 18–972, revised September 22, 2019 (2019)

 29. Dietz, S., Gollier, C., & Kessler, L. (2018). The climate beta. J. 
Env. Econ. Man., 87, 258–274.

 30. Gerdtham, U. G., & Löthgren, M. (2000). On stationarity and 
cointegration of international health expenditure and GDP. J. 
Health Econ., 19(4), 461–475.

 31. Tamakosh, T., Hamori, S.: Testing cointegration between health 
care expenditure and GDP in Japan with the presence of a regime 
shift. Appl. Econ. Lett. 23(2), 151–155 (2016)

 32. Hall, R.E., Jones, C.I.: The value of life and the rise in health 
spending. Q. J. Econ. 122(1), 39–72 (2007)

 33. OECD: Health at a Glance 2017. Paris: OECD (2017)

 34. Chakroun, M.: Health care expenditure and GDP: an international 
panel smooth transition approach. Int. J. Econ. 4(1), 189–200 
(2010)

 35. Acemoglu, D., Finkelstein, A., Notowidigdo, M.J.: Income and 
health spending: evidence from oil price shocks. Rev. Econ. Stat. 
95(4), 1079–1095 (2013)

 36. Tsai, Y.: Is Health care an individual necessity? Evidence from 
social security notch. Scand. J. Econ. 120(2), 440–464 (2018)

 37. Hammitt, J.K., Robinson, L.A.: The income elasticity of the value 
per statistical life: transferring estimates between high and low 
income populations. J. Benefit-Cost Anal. 2(1), 1–29 (2011)

 38. Masterman, C.J., Viscusi, W.K.: The income elasticity of global 
values of a statistical life: stated preference evidence. J. Benefit-
Cost Anal. 9(3), 407–434 (2018)

 39. Claxton, K., Asaria, M., Chansa, C., Jamison, J., Lomas, J., Och-
alek, J., Paulden, M.: Accounting for Timing when Assessing 
Health-Related Policies. J. Benefit-Cost Anal. 10(S1), 73-105 
(2019)

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Discounting in economic evaluation of healthcare interventions: what about the risk term?
	Abstract
	Introduction
	The social rate of discount
	Two approaches to risk-adjustment based on CCAPM
	The tail-hedge gamma
	Elasticity-based beta

	Implications for discounting in healthcare
	Conclusion
	Acknowledgements 
	References




