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ABSTRACT. Dual discounting is a new approach under consideration for use in envi-
ronmental cost–benefit analysis. This paper updates the literature on this subject and
subjects it to the assessment of an international panel of experts on environmental dis-
counting by means of a Delphi study. Subsequently, a case study provides some findings
deriving from the practical application of this strategy as the choice of discounting sce-
nario in the economic evaluation of a plant for the desalination of irrigation return water,
aimed at halting the degradation of a wetland. There are theoretical and practical reasons
to support the use of this discounting approach in relation to projects with intergener-
ational impact, where the environmental effects are considerable in relation to market
effects. Although still under investigation, the dual discounting approach appears to pro-
vide an appropriate methodological platform enabling the quantification of the degree of
intergenerational equity implicit in the project.

1. Introduction
Over the course of the last few decades, much effort has gone into incor-
porating the sustainability objective into the evaluation of policies, plans,
programmes and public projects (Anandarup, 1997; Chichilnisky, 1997;
Fischer, 2003). The move to achieve this goal has led to certain develop-
ments and some debate over different discounting approaches. The terms
environmental cost–benefit analysis or extended cost–benefit analysis (ECBA)
have been coined to refer to the application of this method to evaluate
projects involving environmental externalities, converting them into cash
terms in order to aggregate tangible and intangible effects. Similarly, the
terms environmental or ecological discount rate (EDR) are sometimes used
to refer to the discount rate to be applied when performing cost–benefit
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analysis (CBA) on projects with environmental impact. This concept has
evolved in response to a high level of consensus that the conventional social
discount rate (SDR) sharply deflates long-term benefits and costs (Ehrlich,
2008). This calls for an alternative approach for this new level of analysis,
in which the time horizon has increased from a few decades to several cen-
turies. For an overview of the various approaches to discounting, see, for
example, Portney and Weyant (1999), Pearce et al. (2003), Guo et al. (2006)
and Almansa and Calatrava (2007).

The main approaches to environmental discounting fall into the follow-
ing four groups: (a) the use of discount rates below the standard SDR to
address environmental concerns (Rabl, 1996; European Commission, 1998);
(b) the use of declining discount rates, using a hyperbolic rather than an
exponential discount factor, offering an option especially in projects with
time horizons stretching over centuries (Loewenstein and Prelec, 1992;
Sterner, 1994; Henderson and Bateman, 1995; Frederick et al., 2002); (c) the
use of constant discount rates adjusted to the time horizon of the impact
generated by the project (Weitzman, 2001; H.M. Treasury, 2003); (d) the
design of different mechanisms to include future generations in the analy-
sis (Fearnside, 2002; Padilla, 2002; Sumaila and Walters, 2005); and (e) the
‘modified discounting’1 in view of intergenerational fairness (Kula, 1981,
1998).

Each of these discounting approaches has its own set of arguments and
practical implications, and it is likely that all of them have their uses in cer-
tain contexts. The key point is that those performing the evaluation should
be aware of the theoretical apriorisms and ethical implications (relating to
the weight given to future environmental impacts) that are involved.

The main focus of this paper is a relatively new approach to discounting
known as ‘dual discounting’ or ‘dual-rate discounting’ (Tol, 1994; Yang,
2003; Kula and Evans, 2011), which is the simultaneous application, that
is, in the same CBA, of different SDR to environmental impacts (intangible
or non-market effects) and market impacts (tangible costs and benefits).
The main aim of this paper is to offer an overview of the dual discounting
proposal to explore its potential as a practical option.

Setting out with this aim, section 2 examines the existing literature, and
the underlying rationale for this proposal, by reassessing and updating
the apriorisms underpinning the conventional social time preference rate
(STPR). It also aims to distinguish it from other apparently similar propos-
als. Section 3 describes two environmental profitability criteria relating to
the dual discounting proposal. Section 4 presents the results of a Delphi
survey of international experts in discounting, with particular emphasis
on those relating to their degree of support for dual-rate discounting.

1 In this approach it concludes that the present 3.5% figure (the SDR used in the
UK) is rather low and discounting by using the declining rate is almost totally
ineffective to care for future generations as compared with an alternative modi-
fied discounting which treats all generations in the same manner. In the modified
discounting method, discounting is conducted from the viewpoint of the affected
individuals. In this, Kula calculates a net discounted value for the maintenance
cost for each individual, whether alive now or yet to be born, who will be affected
by the project.
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Sections 5 and 6 describe a case study: ‘Economic evaluation of a plant for
the desalination of irrigation return water in southwest Spain’, in which CBA
techniques are used in different sensitivity analysis scenarios with chang-
ing project time horizons and discounting approaches. The aim is to draw
methodological conclusions from this practical application. Finally, section
7 summarises the main conclusions deriving from the preceding sections.

2. The dual-rate discounting approach
2.1. Research background for the dual-rate discounting approach
The relatively few references in the scientific literature to the dual-rate dis-
counting approach fall into the following groups, classified by the nature
of the methodological proposal:

(a) The first group includes Tol (1994), Rabl (1996), Hasselmann et al.
(1997), Hasselmann (1999) and Philibert (1999), which are actually
versions of the Krutilla–Fisher (K–F) approach, which does not apply
a different discount rate to environmental goods, but does use time-
varying evaluation of the environmental costs and benefits (Nt ) (see
equation (2)).

(b) The second group contains the studies by Almansa and Calatrava
(2007) and Kula and Evans (2011), which recommend the use of a
dual-rate discounting approach, in the same methodological frame-
work as used in the present study. This evaluates the environmental
good or cost in current cash terms (N0), applying a lower discount
rate (EDR) than the conventional SDR (see equation (1)). These stud-
ies find justification for the use of a different discount rate for envi-
ronmental goods, thereby questioning the hypotheses of Ramsey’s
formula. Other works that fit into this group are the theoretical model
of Gollier (2010) and prior to that Guesnerie (2004), who justify reduc-
ing the discount rate for the evaluation of environmental goods. This
is known as ‘ecological discounting’, as distinct from ‘economic dis-
counting’. With another model, Kögel (2009) explores the relationship
between dual-rate discounting and substitutability.

(c) Thirdly, there is a proposal by Yang (2003), similar to the approach (b)
above (see footnote 2).

2.2. The dual discounting proposal
The central idea of this proposal for intergenerational discounting is to
defend the rationality of applying simultaneously in the same CBA exercise
discount rates for intangible effects (e.g., environmental) that are different
from those we use for tangible ones. It could be represented as follows2:

N PV =
t = n∑
t = 0

(
Ft

(1 + ST P R)t

)
+

t = n∑
t = 0

(
N0

(1 + E DR)t

)
(1)

2 Yang (2003) proposes a similar equation except that it considers Nt instead of
N0. However, this option would be, in practice, difficult to implement and, more
importantly, would result in double accounting, since the rationale for the use
of EDR already includes the hypothesis of a declining consumption of marginal
utility for environmental goods.
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where NPV is the net present value, Ft represents the annual net financial
cost or benefit (in general, the shadow price of the tangible effects), and N0
the annual environmental cost or benefit at the current time for the current
generation (or, more generally, the shadow price of the intangible effects).
The discount rate is the appropriate STPR value to account for the financial
effects (first term), and a lower EDR, for the environmental effects (second
term).

2.3. In what way does this proposal differ from that of Krutilla–Fisher (1975)
and Yang (2003)?
Maintaining the standard discount rate but increasing the value of the
good over time, in line with the approach proposed by Krutilla and Fischer
(1975), is a method further developed in studies such as Tol (1994), Rabl
(1996), Hassselmann et al. (1997), Hasselmann (1999) and Philibert (1999).
A comparison of equations (1) and (2) clearly shows that, despite the simi-
larities, our proposal differs significantly from the K–F method. While K–F
uses Nt (the value of the environmental good that increases with time as a
result of decreasing supply) in the numerator and the same STPR for the
environmental and financial term, our approach explicitly considers two
different discount rates by applying an EDR to the environmental term,
which clearly entails a different underlying principle.

N PV =
t = n∑
t = 0

(
Ft

(1 + ST P R)t

)
+

t = n∑
t = 0

(
Nt

(1 + ST P R)t

)
(2)

2.4. Arguments to support the dual discounting proposal
The theoretical arguments for the use of dual-rate discounting follow from
the following reasoning3:

2.4.1. Since environmental goods are not market goods, individuals have
different mindsets and act differently when dealing with ‘merchandise’
than when dealing with ‘environmental goods’.
Working from the starting point that the STPR (STPR = ce + p)4 is the
most coherent SDR for market effects, it is only logical to suppose that

3 This section builds on arguments advanced in Almansa (2006).
4 In practice, the STPR formula works as follows (Ramsey equation (Ramsey, 1928),

referred to in Pearce and Turner, 1990): STPR = c e + p.
where c = the real per capita consumption rate; e = the elasticity of the con-

sumption function’s marginal utility; and p = the type of interest of pure time
preference.

While component p reflects impatience, parameter e reflects the utility we believe
is derived from additional units of consumption and, for the sake of analytical
convenience, this relationship is expressed as an elasticity, that is, the change in
marginal utility that arises comes from a change in marginal consumption. The com-
ponent ce, therefore, represents the idea that, since future societies are likely to be
richer, we allot less weight to their earnings, and should therefore discount those
future earnings. This is known as the marginal utility consumption decline. It is a
straightforward principle, that, translated, amounts to the following: the more we

https://doi.org/10.1017/S1355770X11000258 Published online by Cambridge University Press

https://doi.org/10.1017/S1355770X11000258


Environment and Development Economics 689

the interest rate of pure time preference (p)5 will be lower in the case of
environmental goods, either in response to the ethical ‘imposition’ of inter-
generational equity, or simply based on the empirical evidence provided
by certain studies in this direction.

In fact, governments often carry out environmental enhancement
projects that would not pass the decision-making criteria of the conven-
tional CBA. Such projects, in which the benefits will be enjoyed by future
generations, imply a very low discount rate (and therefore, very low inter-
est rate of pure time preference), as in the UK, where a lower-than-usual
discount rate is applied in the case of forestry projects, as a ‘grant for future
generations’.

Regarding the empirical evidence, Kopp and Portney (1999) see no rea-
son to assume that individuals will be willing to exchange environmental
goods by the same logic as they exchange money. This idea is implicit in
Lumley’s (1997) review of an empirical assessment of individual discount
rates in relation to soil conservation adoption, where no clear relationship
emerges between one and the other. Gintis (2000) reaches the same conclu-
sion. In a study already mentioned above, Luckert and Admowicz (1993)
deduce different behaviours when dealing with the discounting of forests
and securities holdings. Similarly, Taylor et al. (2003) obtained different
implicit discount rates for different types of forest benefits, namely timber
and recreation.

2.4.2. It appears logical to suppose that the hypothesis of the marginal
decline in utility consumption will not hold for environmental goods.
If the environmental benefits or costs extend over a long period, the term ce
of the STPR formula may decrease for this type of goods, since the hypothe-
sis of the marginal utility consumption decline is not fulfilled. For example,
if in 200 years people are worse off in terms of ‘environmental welfare’,
deprivation of an environmental good (a natural space for recreational pur-
poses, for example) will be no less damaging to them than it would be to
those alive today, as is usually claimed. Many authors have upheld the idea
that per capita consumption decreases instead of increasing with the pas-
sage of time, based on the idea that future growth and diminishing natural
capital stock go hand in hand. It is one of the central themes of the criti-
cism of conventional discounting by some authors, who others deem to be

have of a commodity, the less additional satisfaction we derive from every extra unit
of it. Generally speaking, the better off we find ourselves, the less our satisfaction
increases with a slight improvement. Thus, according to this logic, if, as the histori-
cal evidence suggests, in 50 years’ time, people are better off in welfare terms, they
will be less affected by any potential deprivation than the current population, who
are worse off and whose needs are more urgent.
5 Many economists have asserted that p > 0 is morally indefensible. The Stern

Review (Stern et al., 2006) essentially uses p = 0. This view was pointed out by
John Rawls, literally: ‘In the case of the individual, pure time preference is irra-
tional, it means that he is not viewing all moments as equally parts of one life.
In the case of society, pure time preference is unjust: it means that the living take
advantage of their position in time to favor their own interests.’ (Rawls, 1971: 295).
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creating pessimistic scenarios (see Azar and Sterner, 1996 and Dasgupta et
al., 1999, respectively). A recent contribution to the literature in favour of
this approach to discounting is that of Kula and Evans (2011), who justify it
with the same logic, in their words: ‘(. . . ) a common discount rate for both
natural capital and manmade capital cannot be assumed as natural capital
is finite and limited whereas man made capital is not limited (. . . ) In real-
ity what is happening is that the marginal productivity of ecosystems is
diminishing’ (Kula and Evans, 2011: 181).

2.4.3. Environmental capital and man-made capital (or money) are not
substitutes in the context of the major environmental impacts affecting
humanity, insofar as they imply some degree of irreversibility.
The point is that a CBA approach to the decision-making process is only
compatible, at best, with a philosophy of weak sustainability (Neumayer,
1999). This implies accepting the limitation of ECBA as a ‘mono-criterion’
decision approach.6 An interesting study in this respect is Kögel’s (2009)
development of the relationship between dual-rate discounting and sub-
stitutability, based on a theoretical model. His conclusions, drawn from
applications of CBA to climate change, are that: (1) whether or not the
dual-rate discounting approach succeeds in justifying substantial emission
reductions depends on whether environment and goods consumption are
substitutes; and (2) a low intra-temporal elasticity of substitution between
environment and goods consumption within a period contributes to a
low EDR in comparison to the consumption discount rate, while a low
inter-temporal elasticity of substitution between composite consumption
of different periods contributes to declining discount rates over time. These
conclusions are relevant insomuch as one of the most problematic aspects
of sustainability in CBA is that environment and man-made capital (or
money) are not substitutes in the context of the key irreversible envi-
ronmental impacts threatening humanity. In other words, the dual rate
discounting approach enables a change in methodology that, while not
completely overcoming this problem, would reduce it to some extent, thus
contributing to an improvement in the application of ECBA.

6 Therefore, decisions that affect problems as important and irreversible as global
warming require approaches solidly based on a post-normal epistemological con-
cept that rely on democratization of knowledge (Funtowitcz and Ravetz, 1994;
Martinez-Alier et al., 1998). Such democratization of discourse arises from the
nature of the problems at hand, from their urgency, their interdisciplinarity, their
uncertainty, and their irreversibility. Post-normal science proponents advocate a
combination of institutional analysis and iterative public dialogue using multi-
criteria decision analysis as a tool to understand the structure of conflict and
potential for conflict resolution (Munda, 2000) and facilitating public understand-
ing of the decision problems at hand (De Marchi et al., 2000; Strassert and Prato,
2002). Despite its limitations, ECBA is a useful valuation tool in certain situations
and is applicable in a broader context, if used in conjunction with other criteria.
Studies such as those of Brouwer and Van Ek (2004) and Gulli (2006), among many
others, illustrate the practical relevance of this tool, which is in fact widely used
by Public Administrations.
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Table 1. A general proposal of different STPR and EDR depending on the time span
of the project

Time span Discounting

<25 years STPR = ce + p and EDR1 = ce + p1

Time span that only affects the
present generation

p1 < p
Reasonable use of the ECBA (extended

cost–benefit analysis) approach

25–100 years STPR = ce + p and EDR = ce2 + p2

Reasonably short time span
that affects our children,
grandchildren and great-
grandchildren

p2 < p and ce2 < ce
EDR3 < EDR1

Use of ECBA together with other tools
and/or decision-making criteria

Prior strict and/or ecological
sustainability restriction

100–200 years STPR = ce + p and EDR3 = ce3 + p3

Time span that affects the less
immediate generations, with a
reasonable degree of uncertainty

p3 < p and ce3 < ce
EDR3 < EDR2

Introduce hyperbolic discount rates in
the sensitivity analysis

Use of ECBA together with other tools
and/or decision-making criteria.

Prior strict and/or ecological
sustainability restriction.

More than 200 years Use of hyperbolic discount rates
Adequate ECBA approach?

2.5. What specific value(s) would the EDR take on?
This paper addresses this thorny question starting from the very general
guidelines summarized in table 1. These enable us to define a series of
suggestions, from the perspective of recent approaches to (non-dual rate)
environmental discounting (sections a and b) and subsequently to review
some theoretical proposals and practical applications for the case of dual
discounting (section c).

(a) The same EDR should not be used for all types of projects, or all types
of resources, and the choice of discount rate will depend on the time span
considered
Regarding the time span, in the context of a proposal for a (non-dual)
downward-adjusted discount rate, Weitzman (1999, 2001) recom-
mends different discount rates for different time spans.7 Along the
same lines is the proposal contained in the UK Government’s Green

7 4 per cent for time spans of 0–5 years; 3 per cent for 6–25 years; 2 per cent for
26–75 years; 1 per cent for 76–300 years; and 0 per cent for over 301 years.

https://doi.org/10.1017/S1355770X11000258 Published online by Cambridge University Press

https://doi.org/10.1017/S1355770X11000258


692 Carmen Almansa and José M. Martı́nez-Paz

Book (H.M. Treasury, 2003) in its official guidelines to Ministries for
the appraisal of investments and policies.8

An example of the relationship between the discount rate and the
nature of the project can be observed by comparing the values pub-
lished in two significant reports that form part of the discounting
literature: the Stern Review (Stern, 2006), which deals specifically
with climate change; and the above-mentioned Green Book of the UK
Treasury. Using the same value of e = 1, the Stern Review considers a
specific value of p = 0.1%, well below the general value of p = 1.5%
of the Green Book (see footnote 4).

In fact, the Stern review contains a very interesting discussion
about the appropriate value for p, since this is a much more subjec-
tive value than the term used in Ramsey’s formula. This relates to the
interesting debate about whether the discount rate, and the p term in
particular, should be descriptively determined (derived from the real
discount rate of society, based either on individual or government
preferences) or prescriptively determined (normatively agreed upon
in accordance with society’s objectives for the sustainability of the
ecosystem). Without wishing to carry this debate any further in this
paper, it is interesting to recall the arguments underpinning the line
of reasoning behind the idea that the sum of individual preferences is
not equal to the collective preference (Klaassen and Opschoor, 1991;
Bürgenmeier, 1994).9

The differences in c can be explained, as mentioned in the Stern
Review, by the fact that the Treasury’s Green Book (H.M. Treasury,
2003) focuses on projects or programmes that have only a marginal
effect relative to the overall growth path; whereas the application of
CBA in projects relating to climate change is a very different case.

(b) A hyperbolic discount factor can be included in sensitivity analysis for
projects with very long time spans (several centuries)
There is increasing academic support for calculating time-varying
discount rates using a decreasing hyperbolic function (Loewen-
stein and Prelec, 1992; Sterner, 1994; Henderson and Bateman, 1995;
Chichilnisky, 1996; Frederick et al., 2002; Hansen, 2006).10

8 3.5 per cent for 0–30 years; 3 per cent for 31–75 years; 2.5 per cent for 76–125;
2 per cent for 126–200 years; 1.5 per cent for 201–300 years; and 1 per cent for over
301 years.

9 In the debate over ‘sum of individual preferences vs. collective preferences’ it can
be argued that it is unethical to use a discount rate based on the sum of individ-
ual preferences in decision-making processes affecting society as a whole, because
they are not considered equivalent to collective preferences. Thus, for Klaassen and
Opschoor (1991), the values of society as a whole may be different from the aggre-
gated individual values, because society has a much longer life expectancy than
individuals do. For Bürgenmeier (1994) there is a social morality which is distinct
from individual morality.

10 Heal (1998), Hepburn (2005) and Groom et al. (2005), among others, discuss prob-
lems arising from the use of declining discount rates (DDRs) in the light of
‘time inconsistency’ theories. However, Hansen (2006) concludes an interesting
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(c) Specific EDR values proposed in the literature
Guesnerie (2004) discusses the optimum discount rate for very
long term environmental restoration and improvement projects. His
model considers environment as finite, while the private good grows
exponentially. The welfare of future generations depends on a param-
eter describing the elasticity of substitution between the private good
and the environmental good, which gives an ecological discount rate.
He concludes by recommending a value close to zero, assuming
sufficient concern for intergenerational equity.

For illustrative purposes, Almansa and Calatrava (2007) apply dif-
ferent combinations of SDR and EDR (SDR of 3 and 5 per cent and
EDR of 1 and 3 per cent) in the ECBA of an environmental restoration
project with a 100-year time horizon.

Recently, Gollier (2010) answered the question ‘Which rates should
we use to discount costs and benefits of different natures?’ by develop-
ing a theoretical model that extends the Ramsey rule by taking into
account the degree of substitutability between the two goods and the
degree of uncertainty surrounding the economic and environmental
growths. The conclusion is that ‘the rate at which environmental impacts
should be discounted is in general different from the one at which monetary
benefits should be discounted’. This study provides arguments to sup-
port an ecological discount rate lower than the economic discount
rate. In particular, under certainty and Cobb–Douglas preferences,
the difference between the economic and the ecological discount rates
equals the difference between the economic and the ecological growth
rates. In that study, data concerning the link between biodiversity
and economic development enable the estimation of discount rates of
1.5 per cent for changes in biodiversity and 3.2 per cent for changes
in consumption.

The dual discount rates derived by Gollier (2010) are similar to
those used by Kula and Evans (2011) in the economic evaluation of
a forestation project in County Tyrone (Northern Ireland). The results
show that using a SDR of 3.5 per cent gives a negative net present
value (NPV); however if timber benefits are discounted at the Trea-
sury rate of 3.5 per cent (H.M. Treasury, 2003) and the environmental
benefits, that is, carbon sequestration, are discounted at 1.5 per cent,
the NPV yields positive.

In conclusion, there is not, and probably never could be, a single answer
to the question of what specific EDR to use in dual discounting. However,

discussion with the view that the fear of introducing a time inconsistency in
long-term planning when using hyperbolic discounting is exaggerated. In fact,
another perspective on this debate is that time inconsistency is part of govern-
mental decisions and can be managed by the same rules of precaution normally
used in long-term strategic policy decisions and institutional reforms. Thus, the
hyperbolic discount rate is of particular interest in the context of this paper. How-
ever, much work remains to define the specific parameter values for this type of
functions.
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the rates derived from the theoretical models and the available practical
applications converge towards considerably lower EDR than the STPR
applicable to tangible goods (which in Europe is between 3.5 and 5.5 per
cent).11 They also coincide with the values reached by Weitzman (2001) and
proposed by H.M. Treasury (2003) for horizons spanning centuries. Indeed,
dual discounting acquires particular relevance, that is, it becomes particu-
larly applicable, in the long-term time horizon of environmental impacts.
Thus, ‘environmental discounting’ and ‘intergenerational discounting’ are
virtually synonymous.

3. Environmental profitability indicators
As a complement to the dual discounting proposal, two concepts of
environmental profitability indicators have been tested (Almansa, 2006):

(a) Intergenerational transfer amount (ITA)
The ITA is a criterion for the estimation of environmental profitabil-
ity in absolute terms. It is defined as the difference between the NPV
obtained using the general STPR for public investments, the NPV
(STPR%), and the NPV in which an intergenerational equity adjust-
ment has been carried out on the discount rate applied to the envi-
ronmental effects, effects, the NPV (STPR%, EDR%). This indicator
represents what the current generation passes on to future genera-
tions by incorporating a certain degree of intergenerational equity
in the analysis. It may therefore be interpreted as an approxima-
tion of the degree of sustainability chosen by the current generation.
Although expressed in monetary units, it is less important in absolute
terms than as a means to compare different investment proposals.
Logically, this value will be higher than or equal to zero, and when
comparing alternative environmental restoration projects, a higher
ITA value will indicate a more environmentally profitable project.12

(b) Critical environmental rate (CER)
The CER is defined as the discount rate that, when applied to the envi-
ronmental effects after discounting the market effects from the usual
STPR, gives an NPV equal to zero. The CER is obtained from equation
(1), where STPR is a preselected value, Ft is the annual financial flow
and N0 the environmental flow in year 0.

It is, therefore, a criterion for assessing the environmental prof-
itability of a project in relative terms. It must be interpreted in

11 The European Commission (2008) suggests, for the period 2007–2013, two bench-
mark SDR: 5.5 per cent for the cohesion countries and 3.5 per cent for the rest.
The European Commission (2003) previously recommended a SDR of around
5 per cent.

12 In projects with negative environmental effects, that is, projects with a positive
financial flow but a negative environmental flow (e.g., the activation of a nuclear
power plant where the negative effect is given by radioactive residue), the ITA
would be negative as a result of a sustainability adjustment assigning more weight
to the environmental damage to future generations.
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comparison to the social environmental discount rate; that is, the
environmental discount rate that adequately represents the level
of intergenerational equity a society is willing to assume. Another
way of viewing this criterion is to considerer it as an indicator of
‘environmental profitability generated by the financial cost’.13

4. Expert opinion on environmental discounting
The key methodology in this part of the study is a two-round Delphi sur-
vey of a panel of experts, which allows a feedback process. Since the survey
as a whole has broader aims than those presented in this paper, this section
offers an overall description of the objectives and methodology, and a sim-
plified summary of the results in relation to the particular objective of this
paper, which in this section is to examine the degree of support for the
dual-rate discounting approach.

The Delphi method is a group forecasting technique that draws on the
opinions of experts. It is aimed at developing a framework for individ-
ual specialists from different disciplines to contribute their own opinions
about the problem under discussion. It is therefore, as noted by Landeta
(2006), a way of using collective human intelligence. The method consists
of consulting a panel of experts on a given topic by asking them, individu-
ally and anonymously. Using a series of questionnaires, it creates channels
of communication, allowing participants to give their opinions and later
receive feedback on the views of the rest of the panel on the same issues
and, finally, allows them the opportunity to review their original responses
(Dalkey and Helmer, 1963).

According to Linstone and Turoff (1975), the Delphi method is par-
ticularly recommended for use in areas where ethics or morals override
economic and technological issues. There is no question of the high level of
uncertainty surrounding long-term environmental issues or of the need to
determine an appropriate SDR for their evaluation. At the same time, they
also carry direct or indirect ethical implications, which, in the case at hand,
relate specifically to intergenerational ethics. This provides the main justi-
fication for the use of this methodology in this study, particularly in view
of the limited number of experts in environmental discounting.

4.1. Technical details of the Delphi process
The survey was conducted by email and the main criterion for the selec-
tion of the Delphi panel was that the panellists should have had research
on the specific topic of environmental discounting and the overall theme of
the evaluation of public projects with environmental impact published in
international scientific journals. The search drew on the Web of Knowledge
platform provided by the Spanish Ministry of Science and Technology,

13 As in the previous criterion, for projects with a positive financial flow but a neg-
ative environmental flow, we would rank the projects also aiming at selecting
those with higher CER. In this case, a higher CER would be interpreted as less
environmental damage associated with the financial benefit.
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Table 2. Technical details of the Delphi process

Interview format: email.
Interview material: a letter of presentation, an information pack and a

questionnaire. Panellists are encouraged to add their own comments, as well
as answering the closed questions in the questionnaire.

Number of rounds: 2
Starting date for distribution of the 1st round: June 2007
Number of questionnaires distributed (pre-selected panel): 174
Number of experts participating in the 1st round: 112
Percentage of participation in the 1st round: 64.37%
Maximum number of experts expected in the 2nd round: 112
Starting date for distribution of the 2nd round: September 2007
Number of replies received from the 2nd round (February 2008): 98
Percentage of participation in the 2nd round: 87.50%
Consensus: Higher level of consensus among panel members in the second

round. Significant reduction in variance (verified with Levene’s test of
homogeneity of variances at 5%) of the replies in 7 items after the second
round; 1 item with no change in the variance.

Stability: Response stability is low overall. 70.2% of the experts changed half
or more of their replies after the second round. Mean change of response:
36.5%.

which includes, among others, reference bases such as the Web of Sci-
ence, Current Contents Connect, ISI Proceedings, Derwent Innovations
Index and Medline. This enabled the construction of an initial panel of 174
experts. Table 2 shows the technical details of the survey. The last two rows
summarize the validation of the feedback process (Linstone and Turoff,
1975). The main observation is that the second round yields two desirable
outcomes: a higher degree of consensus and a lower level of stability, both
of which provide justification for the use of the Delphi method.

The questionnaire consisted of 9 questions with space for additional
comments. In questions 1–8, panel members were asked to indicate their
level of agreement with eight statements (see table 3), using a standard
Likert-type scale (from −2 to 2), where −2 indicates ‘complete disagree-
ment’; 2 indicates ‘complete agreement’; and 0 indicates indifference. Ques-
tion 9 (only for those who agreed with statement 5) was designed to elicit
opinions regarding the most appropriate discount rate for a series of time
horizons: 0–30, 31–75, 76–125, 126–200, 201–300 and more than 300 years.
Together with the questionnaire, participants received an information pack
explaining the different discounting strategies. The questionnaire for the
second round gave the overall statistics for the first round (the percent-
age frequencies in questions 1–8; and the mean and standard deviation
in question 9), allowing participants to consider the initial replies of each
panel member, thus providing the feedback process that makes the Delphi
method so attractive.

4.2. Results of Delphi survey
Table 3 gives the basic statistics for each question. Significantly, the results
reveal the panel’s unanimous full support for the modification of the
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Table 3. Descriptive statistics for questions 1–9 (2nd round)

(%) −2 −1 0 1 2

1. CBA is the appropriate method to use
for the economic appraisal of public
investment projects, including those
with intergenerational impact.

5.7 13.2 1.9 32.1 47.2

2. The SDR should be reconsidered in
intergenerational settings with time
horizons spanning centuries, because
the standard discount rate is only
appropriate in the case of projects with
time horizons of a few decades.

0.0 0.0 0.0 24.5 75.5

3. A lower SDR should be used in
intergenerational contexts, in order
to assign more weight to long- and
very long-term benefits and costs
(sustainability).

0.0 0.0 2.0 38.0 60.0

4. The only valid discount rate in
intergenerational contexts is 0%.

52.8 17.0 13.2 7.5 9.4

5. The value of the SDR should be linked to
the project time horizon (a ‘Weitzman’
or ‘Green book’ scheme, or similar).

3.8 0.0 9.4 39.6 47.2

6. The value of the SDR should be linked to
the characteristics and type of natural
resource affected.

7.5 20.8 9.4 37.7 24.5

7. In time horizons spanning centuries,
it is better to use a time-variable
discount factor (such as hyperbolic
discounting) rather than a constant
factor (exponential).

4.0 4.0 6.0 36.0 50.0

8. One option to bear in mind is the
simultaneous use of different discount
rates for tangible and intangible effects
in the same CBA.

11.3 15.1 18.9 24.5 30.2

9. If you agree that the time horizon for
the project is a variable that should
be considered when selecting the
intergenerational discount rate (that is,
if you gave a rating of 0, +1 or +2 in
question 5), please indicate the rates
you consider reasonable in projects
with different time horizons (score or
interval): Mean Median

0–30 years 3.47 3.5
31–75 years 2.84 3.0
76–125 years 1.88 2.0
126–200 years 1.55 1.5
201–300 years 1.05 1.0
Over 300 years 0.87 1.0
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discounting approach in the intergenerational context (question 2), almost
unanimous support for the reduction of discount rates (question 3), and
ample support for DDR approaches (questions 5 and 7). Although dual
rate discounting (question 8) receives a somewhat lower level of support,
it still meets with the approval of more than half the panel members (54.7
per cent, scores +1 and +2). This, and the fact that only slightly more than a
quarter expressed their disapproval (26.4 per cent, scores −2 and −1), sug-
gests a reasonable initial level of acceptance, taking into account that this
is a more novel approach and therefore less well known. In fact, the great-
est difference in responses between the two rounds was in question 8. The
feedback process that is a characteristic of the Delphi method in this case
led to a reduction in the percentage of don’t know/no answer (DK/NA) from
one round to the next (Rowe et al., 2005) and to an increase in the percent-
age of full agreement (score +2). The discount rates proposed by the panel
members for the different time horizons (question 9), are similar although
somewhat lower than the UK Government proposal (H.M. Treasury, 2003).
The modes reveal that the experts prefer three intervals: up to 75 years;
75–200 years and over 200 years, instead of the six originally proposed.

5. Economic appraisal of a desalination plant to treat
farm drainage water flowing
5.1. Description of the study area and its environmental problems
The Mar Menor is a hypersaline coastal lagoon located in Murcia, SE Spain.
Its surface area of 135 km2 makes it the largest lagoon of its kind in the
western Mediterranean (Pérez-Ruzafa et al., 2011). It has five islands and a
24-km long sandbar that separates it almost completely from the open sea,
several natural canals being its only direct links to the Mediterranean Sea.
The area is one of enormous ecological and natural value that comes under
multiple national and international nature protection orders (RAMSAR
wetlands since 1994, SPA, among others).

The natural drainage basin of the Mar Menor, known as the Campo
de Cartagena, has gradually developed into an area of irrigated farm-
land, much of it intensively cultivated, using water pumped from the
underground water table or diverted from the Tajo-Segura transfer. The
run-off from the nutrient-rich fertilizers used on this land flows directly
into the Mar Menor, causing severe alterations in its hydrological func-
tioning and ecological integrity (Perni et al., 2011), and leading to the
eutrophication of the lagoon. Compliance with the Water Framework
Directive requires intervention to stem the flow of contamination from
nutrient-laden agricultural run-off into the lagoon (Grindlay et al., 2011).

The main source of this agricultural run-off into the Mar Menor is the
Albujón watercourse (Carreño et al., 2008). This 42-km long wadi collects
drainage from an area of over 44,000 ha, accounting for no less than one
third of the total nutrient load flowing into the lagoon. Removal of this
source of run-off is clearly one of the main undertakings needed to halt
the eutrophication process of the Mar Menor. A brief outline of the plan is
given below.
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Table 4. Benefits, construction and operating costs

Chapter Cost (€2010)

Initial investment (€) 6,124,560
Staff (€/year) 382,000
Maintenance (€/year) 388,720
Membrane and filters (€/year) 400,274
Power (€/year) 1,676,824

Chapter Benefits (€2010)
Market (€/year) 1,687,500
Environmental (€/year) 1,242,900

Source: Authors’ own calculations based on Martı́nez-Paz et al. (2007).

5.2. The desalination plant for treatment of agricultural drainage water
One of the proposals for dealing with drainage via the Albujón is the con-
struction of a desalination plant to collect and treat the drainage water to
remove the dissolved salts that are responsible for polluting the lagoon.

The technical/project details published by the Confederación Hidro-
gráfica del Segura (Segura Water Board) (CHS, 2008), the agency desig-
nated to manage the project, indicate a maximum water treatment capacity
of 9 Hm3/year. This is more than enough for a normal year, given that the
Albujón Watercourse has a normal flow rate of 6 Hm3/year, and treats a
large proportion of the excess overland flow of storm rainfall, which can
double the river’s normal flow rate (Garcia-Pintado et al., 2007). As well
as removing salts, the plant produces a flow of marketable freshwater for
irrigation purposes in an area heavily burdened in economic and ecologi-
cal terms by a freshwater shortage. Since the rate of freshwater production
from this process is set at 75 per cent of the total in-flow, the 6.75 Hm3/year
generated would be enough to fully serve the needs of over 800 ha of the
region’s irrigated horticultural lands (Martı́nez-Paz et al., 2007).

The same technical project plan also includes the plant construction cost
estimates shown in table 4.14 The initial investment includes the cost of ini-
tial environmental impact mitigation measures. The maintenance chapter
includes, in addition to the standard costs, the cost of the environmen-
tal mitigation measures and environmental monitoring program and an
annual amount to fund the restoration plan at the end of the period of
operation (Markandya and Murty, 2004).

The benefits of the desalination plant are also shown in table 4 under two
headings:

• Market benefits. Total income from the sale of the freshwater gen-
erated is estimated at 1,687,500 €/year, based on an initial price of
water of 0.25 €/m3, the most common one from alternative sources
in the area (Rigby et al., 2010).

14 All monetary figures are expressed in real terms (2010 Euros).
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• Environmental benefits. One of the main objectives of the plant is to
prevent the ecological degradation of the Mar Menor by halting the
flow of a large volume of salt-laden run-off into its waters. This ser-
vice to the environment is a non-market service and, as such, has no
direct price, but can be evaluated by indirect methods drawn from
environmental economics (Stemplewski et al., 2008). The case at hand
uses the avoided cost method, valuing the impact (benefit) in terms
of the cost of the cheapest available alternative treatment (Zanou
et al., 2003). This means calculating the cost of the most efficient
alternative measure to prevent the flow of these drainage waters
into the Mar Menor, namely, the construction of an artificial wet-
land at the mouth of the watercourse to act as a green filter on the
drainage waters (Trepel, 2010). A previous complete study can be
found in Martı́nez-Paz et al. (2007) which, after a detailed analysis of
the project, obtains a total cost of 138,100 €/Hm3 for the treatment of
drainage water and run-off with an artificial wetland at the mouth
of the Albujón Watercourse into the Mar Menor. The resulting envi-
ronmental benefit of the desalination plant is estimated in monetary
terms as 1,242,900 €/year, given a treatment capacity of 9 Hm3/year.

6. Results and discussion
Table 5 presents the average values of both the classic profitability indi-
cators (NPV and IRR), and the environmental profitability indicators (ITA
and CER), the latter for the dual-rate discounting approach. This is done
across all three of the considered time horizons (40, 100 and 200 years) and
the four CBA approaches (options A–D) detailed below.

• From the standard cost–benefit perspective, not including non-
market intangibles, which, in this case, are environmental benefits
(standard CBA) (Option A).

• From the environmental cost–benefit perspective (environmental
CBA), including both market flows (tangibles) and non-market flows
(intangibles). In this case, three different discount rates are used:

— Option B: a standard social discount rate (standard SDR) of
5.5 per cent. For the period 2007–2013, the European Com-
mission (2008) suggests two benchmark SDRs: 5.5 per cent
and 3.5 per cent. The reason for the choice of the higher
rate for comparison of the scenarios is that the results are
more graphic and nearer to the traditional rate of 5 per cent
suggested in the guidelines of the European Commission
(2003).15

— Option C: a declining social discount rate by time horizon (declin-
ing SDR), according to the values proposed by H.M. Treasury
(2003).

15 The profitability indicators shown in table 5 have been recalculated using a SDR =
3.5% according to H.M. Treasury (2003) discount rates. They can be found in an
online appendix available at http://journals.cambridge.org/EDE.
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Table 5. Summary statistics for the traditional and environmental profitability indicators (EDR according to H.M. Treasury, 2003)

Option A Option B Option C Option D

Period (in Profitability CBA Standard ECBA Standard ECBA Declining ECBA Dual-rate discounting
years) t indicator SDR (5.5%) SDR (5.5%) SDR SDR (SDR = E DR) SDR EDR (SDR = 5.5 and EDR)

40 NPV (103 €) −24,937 −6,171 3% −6,786 5.5% 3% 3,412
ITA (103 €) 9,583
CER (%) 3.84

100 NPV (103 €) −28,122 −6,809 2.5% −9.564 5.5% 2.5% 17,280
ITA (103 €) 24,089
CER (%) 4.94

200 NPV (103 €) −28,255 −6,836 2% −11,767 5.5% 2% 32,682
ITA (103 €) 39,518
CER (%) 4.98

Notes: CBA, standard CBA without including environmental externalities; ECBA, environmental cost–benefit analysis; CBA (including
environmental externalities); SDR, social discount rate; EDR, environmental discount rate; NPV, net present value; ITA, intergenerational
transfer amount; CER, critical environmental rate.
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— Option D: the dual discount rate, with a standard SDR of 5.5 per
cent for tangibles (market flows) and a declining rate (also
according to the values proposed by H.M. Treasury, 2003) for
intangibles (non-market flows).

The conclusions drawn from the resulting data, displayed in table 5, are
that:

(a) Option A, which is CBA without including environmental benefits,
finds the project clearly unprofitable for all time horizons, since the
costs outweigh the benefits.

(b) The inclusion of environmental benefits in monetary terms (option B)
clearly improves the results, although in this particular practical case,
not to a degree sufficient to achieve a positive NPV.

(c) The most striking observation is that, in this particular case, the
option in which the discount rate is reduced in relation to the time
horizon (option C) also fails to improve the result of the profitability
of the project in question. It is important to stress that this will not
be the case in all projects, but the fact that it is for the case study that
concerns us is significant for the findings of this paper. As argued by
Kula (2008), overcoming the difficulty of including sustainability in
CBA may require more than simply reducing the discount rate. As
observed in this case, the lower the discount rate the more the future
matters, so reducing the SDR results in a worse NPV.

(d) The above problem can be solved by applying the logic that different
types of effects require different discount rates. Thus, option D, which
applies dual discounting, is the only one that gives a positive NPV
and therefore declares the project profitable.

The reality is that the regional authorities carried out the project, show-
ing that they considered it socio-environmentally profitable. In this case,
the only way to an NPV reflecting socio-environmental profitability is
by applying a dual discount rate. In other words, it is not a question of
identifying the best discounting option by seeing which gives the highest
NPV, but rather of the methodological adjustments used to switch from
a classic CBA to an ECBA, increasing our capacity to achieve the level of
profitability implicit in society.

Meanwhile, the values of the environmental profitability indicators
proposed for the dual-rate discounting approach (option D) show that:

• The project that concerns us proves environmentally profitable when
we apply a CER (critical environmental rate) of 4.9 per cent (in
time horizons spanning centuries, where the dual approach is most
applicable). As explained earlier, this is a relative value that must
be compared with the level assumed by society either descriptively
(by deducing the profitability of publicly financed environmental
projects, in the style of the social opportunity cost); or, in certain
cases, normatively, through institutional support for a particular
CER for application in public works. This, obviously, would not
be a single unique value, since it would depend on, among other
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variables, the nature of the environmental impact. It may be worth
considering the possibility of setting the same institutional standard
as recommended in H.M. Treasury (2003), for example. That is, SDR
of 2.5 per cent for 100 years and 2 per cent for 200 years would pro-
vide a reference in the case that concerns us. This would make the
project environmentally profitable under the methodological logic
considered here.

• The ITA, meanwhile, shows that the implementation of this project
would mean a legacy to future generations worth €24.089 thousand
(over 100 years) and 39.518 thousand (over 200 years). The fact
that the value increases as the time horizon grows is consistent with
the fact that the longer the time scenario, the more generations are
affected.

7. Conclusions
Dual discounting is a novel approach to environmental discounting, which,
according to the findings of this study, is a potentially useful option in
ECBA for the reasons listed below.

(a) Re-assessment of Ramsey’s formula in the context of ECBA provides
sufficient theoretical justification for the dual discounting approach.

(b) Over half the international panel of experts consulted on the subject
of environmental discounting are in favour of this approach. This,
and the fact that only slightly more than a quarter expressed their
disapproval, suggests a reasonable initial level of acceptance, which
encourages further research into the potential application of this as
yet little-known methodological alternative.

(c) The literature describes practical cases exemplifying its practical
implications, in the sense that the resulting NPV is a better reflec-
tion of a project’s socio-environmental profitability, showing it to be
an appropriate methodological option.

(d) The practical case described in this paper, in addition to the above,
shows that using a lower SDR as a sustainability adjustment is not
always the best methodological option. Sometimes, as in the case
study presented in this paper, a dual discounting approach is the only
way to approximate a socio-environmental profitability valuation of
an investment with environmental impact.

(e) The dual discounting approach allows the incorporation of spe-
cific environmental profitability criteria (still under study) to enable
the degree of intergenerational equity implicit in the analysis to be
expressed in cash or percentage terms.

Nevertheless, further discussion and practical application of the dual-
discounting proposal will be required in order to evaluate and improve
the method and narrow down the settings in which it makes most sense.
It is not the intention of this paper to propose this as the option to replace
all others. It is rather to recommend it as an additional option in sensitivity
analysis in relation to projects with intergenerational implications, which
tend to be all those with a major environmental impact.
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