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Terms of Reference 

To provide a report on whether, and how, to implement hyperbolic discounting to better consider 

long-term and intergenerational impacts in cost-benefit analysis. The options to be considered are: 

(a) Use of a hyperbolic discounting formula to change the discount rate over time instead of the 

standard exponential discount rate currently used in New Zealand. 

(b) Adoption of decreasing discount rates across time periods. 

(c) Maintaining the exponential discount method and not adopting hyperbolic discounting.   

Specifically, the report is to respond to three questions. 

(1) What are the advantages and disadvantages of implementing hyperbolic discounting using 

different variants, compared with the exponential discounting currently used for applying 

discounting over time.  

(2) Are there interactions between (i) the method of applying discounting across time (hyperbolic vs 

exponential) and (ii) the method of setting the discount rate (STRP or SOC) relevant to a 

preferred discounting regime? 

(3) What are other advantages and disadvantages (such as SRTP vs SOC), and international trends 

and lessons for New Zealand, for the Treasury to consider in retaining or changing the current 

discounting regime for the New Zealand public sector to reflect long-term and intergenerational 

impacts.     

 

Contents                  Page 

Executive Summary            3 

1   Introducing Declining Discount Rates         5 

2   Context: Discounting in Cost-Benefit Analysis        7 

3   DDR Discounting in the Context of STPR and SOC Discounting      9 

4   Other Arguments for DDR Discounting      13 

5   DDR Discounting: Advantages and Disadvantages      16 

6   DDR Discounting: Some International Practice     17 

7   Another Valuation of Non-Market Goods      19 

8   Conclusions          21 

References          22 

Appendix: Background: Cost-Benefit Analysis and Discounting    24 

  



3 
 

Executive Summary 

This report discusses the role of declining discount rates (DDR) in cost-benefit studies. In this report 
we use the term DDR rather than the expression “hyperbolic discounting” for consistency with the 
literature and to emphasise that we are addressing the question whether the social discount rate 
(SDR) should broadly decline over time, rather than the merits of any specific equation or 
discounting methodology.  
 
In this Executive Summary we provide an outline of the Report and our main conclusions.  
 
Report Outline  
 
Section 1 outlines the two main forms of DDR. In one alternative, the discount rate falls continuously 
over time according to an equation (this is known as hyperbolic discounting). In the other alternative, 
the period-on-period discount rate profile falls in discrete steps periodically over time.  
 
Section 2 describes the two main approaches to discounting: the social time preference rate (STPR) 

and the social opportunity cost of capital (SOC), and how these concepts are formalised to provide a 

single social discount rate. It is noted that there are two forms of the SOC approach: the weighted 

cost of funds and the return-on-investment model. Reference is also made to the social cost of 

capital approach to discounting.   When, as is usual practice in CBA, a single discount rate is adopted 

over the whole period of the project or policy, this is described as exponential discounting.  

It is a premise of the report that DDR should be consistent with the underlying principles of the 

discounting method being used. Section 3 discusses the various conditions or views of the future 

under which the concept of a DDR may be integrated, and consistent, with the two main conceptual 

approaches (STPR and SOC) to discounting.    

Section 4 discusses three other arguments commonly advanced in favour of a DDR that are less 

connected with the underlying discounting approach. This includes dual discounting where some 

outcomes, notably for life and major health outcomes and the environment, are discounted at a 

different (lower) rate.   

Section 5 discusses the various advantages and disadvantages of employing a DDR in these various 

contexts.   

Section 6 describes international approaches to the choice of SDR, noting the NZ Treasury (SOC) 

approach, and some international adoptions of DDR. A comprehensive review of international 

practice is outside the scope of this report.   

Section 7 provides a further possible approach to valuing long-term non-market goods. This can 

allow for significant values to be attributed to long term outcomes, especially for environmental 

impacts, separately from the choice of discount rate and discounting methodology.   

The final section summarises the main conclusions of this report.  

An Appendix sets out the general background to the issues: the aims and process of cost-benefit 

analysis (CBA) and the key role of valuing (discounting) future costs and benefits in the CBA process. 

Main Conclusions 

If applied, a DDR should be integrated with a core discounting approach, i.e.: with the STPR approach 

or with one of the two SOC approaches to discounting.  It is not a separate discounting method. 
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Of the 18 countries and international agencies reviewed in this report, 12 (including New Zealand) 

adopt a SOC approach to discounting; 6 use the STRP approach.  The discount rate with the SOC is 

usually 5% to 6% and sometimes higher. The discount rate with the STRP is usually around 3% to 4%. 

It appears that all six countries or agencies using the STRP approach adopt some form of DDR, but 

often only after 50 or 75 years. Only two countries using the SOC method appear to adopt a DDR, 

and they do so weakly.   

Under the STPR approach to discounting, the main technical arguments for adopting a DDR are (i) 

uncertainty about the rate of future growth of incomes (consumption), (ii) a view that the long-term 

rate of growth may decline, so that more value should be placed on the well-being of future 

generations and (iii) putting greater precautionary emphasis on long-term external risks.   

With the SOC approach, the main technical arguments for a DDR are based on (i) uncertainty about 
the long-term rate of return on investment and (ii) a view that long-run rate of return on investment 
may decline. But applications of these points do not lead to DDRs significantly lower than the usual 
core discount rate of around 5% to 6%, and therefore would have little impact.  

The main practical arguments against introducing a DDR are:  

• Difficulty in calibrating or estimating the “correct” schedule.  

• The complexity introduced to the CBA modelling process given that the DDR will make little 
difference in most project evaluations.  This applies especially to the SOC approach to 
discounting.  

A counter argument is that it is better to be approximately right, than precisely wrong on the issue of 

DDRs.   

And, once an approach is determined, application in routine CBA need not be overly complex.  An 

approximate stepped profile is easily implemented in Microsoft Excel. And a continuous profile for 

most specifications can be expressed in a simple formula, such as Weitzman’s (2001) gamma 

discounting.  

On the other hand, other approaches may be able to achieve most of the objectives behind the 

concept of DDRs. These include: 

• Sensitivity testing at high and low discount rates to reflect the impact of uncertainty.  For 
example, discounting at a high discount rate and a low discount rate, then averaging the NPVs, 
provides very similar outcomes to a DDR based on the expected net present value approach 
discussed in the Report.  
 

• Switching from a SOC/ROI approach to discounting to a shadow price of capital approach.  In this 
approach, long-term benefits are valued more highly due to the lower overall level of the 
discount rate, irrespective of the term structure.  
 

• Dual discounting, or relative price adjustments, to ensure that the CBA allows for appropriate 
valuation of major health and environmental outcomes. 

Of these options, dual discounting, is perhaps the most robust and practical option and is compatible 

with both STRP and SOC discounting methods.    

In addition, willingness-to-pay for future non-use values (existence and bequest values) is a 

complementary approach to the above considerations.  
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1    Introducing Declining Discount Rates 

Under the standard (traditional) view of discounting future costs and benefits in CBA, the SDR is 
constant over time. The same SDR applies between year 1 and 2, between year 20 and year 21 and 
between year 50 and 51 and so on – and indeed over all these years. This is known as exponential 
discounting. The result is a smooth exponential curve as shown in Figure 1 below. 

Using commonly adopted values of the SDR, this results in a very low weight for benefits (or costs) in 
50 years’ time, and even in 20 years’ time. For example, adopting a 5% discount rate, benefits in 20 
years’ time are discounted by 60%. And benefits in 50 years are discounted by over 90%. 

With a declining discount rate, the period-on-period discount rate falls over time, and as a result the 

average SDR is lower for longer dated benefits.  A commonly cited example of this is the gamma 

discounting approach proposed by Weitzman (2001).  The discount rate is uncertain and follows a 

gamma distribution with mean (µ) and standard deviation (σ). The certainty equivalent discount rate 

R(t) declines over time and is given by the equation: 

 𝑅(𝑡) =
µ

1+t σ2/µ
(1) 

Below we illustrate three examples of discounting: 

a) A flat 5% discount rate.
b) A DDR schedule based on Weitzman’s gamma specification with µ = 5% and σ = 2%.
c) A DDR schedule based on Weitzman’s gamma specification with µ = 5% and σ = 5%.  This is

equivalent to the “hyperbolic discounting” formula 1/(1+kt) where k=5%
d) A stepped profile with period-on-period rates of 5% to year 25, 4% from year 26 to 75, and

3% from year 76

Figure 1 shows the period-on-period, or instantaneous, forward rates associated with these three 

examples.  Figure 2 shows the relative values from applying the different discount approaches over 

time. The differences may appear small but relatively they are significant. Figure 3 shows the 

effective term structure. This is the equivalent flat rate that would generate the same discount 

factors.  

Figure 1 Period-on-Period (Instantaneous) Forward Rates 
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Figure 2   Values given Different Discount Factors over Time 

Figure 3   Effective Term Structures 

If a DDR is adopted, the choice between continuous decline and discrete steps is largely a matter of 

practical preference.  A stepped profile can closely approximate the effective term structure of a 

continuous DDR, and the discrepancies are likely to be small relative to other sources of uncertainty 

and approximation in the estimation of the appropriate SDR.  

A stepped profile may also be easier to apply generally.  If the continuous profile can be expressed in 

a simple formula, such as the gamma discounting formula from Weitzman (2001) above, it is no more 

difficult to apply in practice than a stepped profile and is easily done in Microsoft Excel. But the 

stepped option may be the more practical for general application.  
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2   Context: Discounting in Cost-Benefit Analysis  

In this section we briefly outline the key role of discounting in CBA and the two main approaches to 

discounting. The Appendix provides a fuller description of CBA and the discounting process.  

A CBA sums the benefits and costs for each affected party to obtain an estimated net social benefit 

(NSB).  

NSB = ∑Bi – ∑Cj (2) 
 

where B = benefits, C = costs, i = 1...m kinds of benefits and j = 1...n kinds of costs.  

To allow for costs and benefits occurring at different times, CBA employs a social discount rate (SDR).  

The SDR is a real discount rate, which does not allow for inflation.  

There are two main versions of the SDR. The social time preference rate (STPR) is designed to reflect 

the welfare value of benefits over time. The social opportunity cost (SOC) reflects the value of what 

is forgone. In either case, when a single social discount rate is adopted over the whole period of the 

project or policy, this is described as exponential discounting. 

Table 1 shows the important effect of discounting. The table shows the weights given to future costs 

and benefits with discount rates of 0%, 1%, 3%, 5% and 7% applying up to 200 years, with 

discounting starting in year 2. For example, a 5% discount rate values $100 of consumption in 50 

years’ time as equivalent to only $9 today. $100 consumption in 100 years’ time is valued at only $1 

to-day.  

Table 1 Impacts of social discount rates over time- the present value of $1 over time  

Years 0% 1% 3% 5% 7% 

   1 1 1.00 1.00 1.00 1.00 

   5 1 0.96  0.89  0.82  0.76 

 20 1 0.83  0.57  0.40  0.28 

 50 1 0.61  0.23  0.09  0.04 

 75 1 0.48  0.11   0.03  0.01 

100 1 0.37  0.05   0.01    0.001 

150 1 0.22  0.01 0.001    0.000 

200 1 0.14 0.003 0.000    0.000 

 

Such large discounts of the value of future consumption suggest an extraordinarily high time 

preference and a disregard for the welfare of future generations which some argue is hard to justify.  

On the other hand, as discussed below, future generations may be better served by projects with 

relatively high returns, particularly when the surpluses that can be reinvested. 

The Principal Approaches to Social Discounting: STPR and SOC 

 
As noted above, the two main forms of the SDR are the social time preference rate and the social 

opportunity cost of capital.  But, also as noted below, there are two different forms of the SOC.   

• The STPR is the marginal rate at which society collectively is willing to forego consumption now 
for increased future consumption. 
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• SOC1 is the weighted cost of funds (WCOF): this reflects the costs of the sources of funds. This is 
generally a combination of private investment and consumption foregone to fund a project. It 
may also include the cost of foreign borrowing.  
 

• SOC2 is the rate of return on investment (ROI) in the marginal alternative (public or private) 
project foregone.  

The three forms of SDR are described briefly below, but explained in more detail along with their 

derivations, in the Appendix.  

The key point here is that any adoption of DDR discounting needs preferably to be consistent with 

the basic principles of the underlying SDR that is being applied.   

The social time preference rate 
 
The STPR is generally represented by the following formula: 

STPR = 𝜃 + (g×η)  (3) 
 

where 𝜃 is pure time preference, g is the expected growth in per capita income per annum and η is 

the elasticity of the marginal utility of income, i.e. this is the percentage fall in the marginal utility 

(value) of consumption with a one per cent increase in income.  

Pure time preference (𝜃) includes both pure time preference and an allowance for unpredictable 

risks not normally included in appraisal, known as ‘catastrophic’ and ‘systemic’ risk. UK Treasury 

(2022) proposes that 𝜃 has a value of 1.5.  

Estimates for both g and η are typically between 1.0 and 2.0 for developed economies. This implies a 

mean value for (g×η) in the order of 2.25 to 2.50.  

Accordingly, the UK Treasury (2022), recommends adoption of the STPR = 3.5%. This is based on g 

=2.0%, η =1.0 and 𝜃 =1.5%.  

 

SOC1: The weighted cost of funds approach (WCOF) 

 
SOC1 may be represented by:  

WCOF = (w × STPR) + (1-w) (ROI) (4)  
 

where w is the proportion of capital employed in the project that reflects foregone consumption and 

(1-w) is the proportion that reflects investment foregone. ROI is the return on investment forgone.  

The proportion of each “source” of funds is intended to reflect the contribution of each source to 

fund the project.  In most cases that we are familiar with, investment forgone represents at least 80% 

of the capital employed and hence is the dominant factor.  Thus, WCOF is much closer to SOC2 (ROI) 

than to the STPR.   

SOC2: The rate of return on alternative investment (ROI) 

SOC2 is the gross rate of return (ROI) that would be achieved by an alternative investment in the 

public or private sector.  Methods for estimating ROI are described in the Appendix. As discussed 

there, and shown in the international Section 8 below, ROI is usually in the order of 5% to 6%.  
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The shadow price of capital approach 

Mention should also be made of the shadow pricing of capital (SPC) approach. The SPC approach 

converts capital impacts into consumption equivalents, so all costs and benefits can then be directly 

compared and discounted at the consumption (social time preference) discount rate. Under this 

approach, the opportunity costs (the benefits forgone) are discounted by the STPR to obtain a 

shadow price of capital, which becomes the adopted cost of capital in the CBA. This shadow price is 

usually higher (sometimes much higher) than the project expenditure. To estimate the NPV, the 

project benefits are also discounted by the STPR.  

In general, using the SPC approach a project will show a positive NPV only if the project passes the 

relevant SOC discount rate test.  Thus, it is generally simpler to apply the relevant SOC discount rate. 

As Boardman et al., (2018, p. 253) state: “Although this (SPC) method has strong theoretical appeal, 

it is somewhat difficult to use in practice and there are few examples of it actually being used to 

evaluate public-sector projects.”   

Final comment 

We discuss below how DDR discounting fits with the three SDR approaches. 

It is outside the scope of this report to analyse in detail the arguments for and against these 

alternative methods for choosing the SDR.2   

3    DDR Discounting in the Context of STPR and SOC Discounting 
 
A premise of this review is that DDR needs to be consistent with adopted discounting principles. It 
cannot be a self-standing alternative. For a long time, the three accepted principles / structures have 
been the STRP, WCOF and ROI principles. Accordingly, we ask to what extent is DDR (continuous or 
step-by-step) consistent with these three discounting principles. Relatedly, if applicable, how can 
DDR be integrated with these three discounting methods?  

The STPR approach and DDRs 

In STPR regimes, the most common argument for DDR is that uncertainty in the rate of growth of 
future income (consumption) creates a precautionary effect which reduces the STPR. And, if 
uncertainty grows over time, the precautionary effect also does (Gollier, 2008).  Thus, if there is 
greater uncertainty about the level of consumption in the distant future than in the near future, the 
prudent social planner places a higher value on projects that will provide distant benefits with 
certainty.   

However, the same precautionary argument also implies that if a project’s benefits are correlated 
with future income (consumption), the associated risk premium should increase over time. The net 
effect of declining term structure for the risk-free rate, and an increasing term structure for the risk 
premium, will depend on the risk (formally the beta) of the project (Gollier 2012, 2014). Low beta 
risk projects will have a decreasing term structure while high beta risk projects will have an 
increasing term structure, as shown in Figure 4 below from Gollier (2012).3  

 

 
2 It should be acknowledged that the authors of this report were also authors of Abelson and Dalton (2018) 
which advocated the ROI approach to discounting.  
3 Beta is a measure of the volatility—or systematic risk—of a security or portfolio compared to the market as a 
whole.  
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Figure 4 Term structures of risky different rates for different betas in Gollier (2012) 

On the other hand, Freeman and Groom (2021) argue that serially correlated consumption has the 
effect of increasing the expected benefits of high beta projects, with the result that the overall 
impact of consumption growth uncertainty is to increase or leave unchanged the NPV of all projects.   

Another possible case for a DDR is the contention is that any forecasts that the rate of income 
(consumption) growth will decline at some time in the future would also lead to declining SDR in the 
STPR framework. However, unlike the precautionary approach discussed above, this justification for 
DDR in STPR regimes does not appear to have been widely used.   

In any case, many STPR regimes in place ignore project risk entirely, effectively assuming that all 
public projects have a consumption beta of zero, in which case the term structure is clearly declining. 

Further, as discussed in the Appendix, there is also dispute about the appropriate size of the pure 
time preference rate (the value of  𝜃 in Equation 4). Some prominent economists believe that this 
should be close to zero and not 1.5 as in the UK approach cited above. But this lowers the SDR, it 
does not produce a DDR.   

SOC approaches and DDRs 

In WCOF and ROI regimes, where the SDR is based partly or wholly on the return foregone or 
displaced on alternative investments, DDR can occur in one of three ways: 

a) The rate of return of the counterfactual investment is uncertain, so CBA should evaluate the 
project under a range of discount rates and base decisions on the expected NPV (rather than the 
NPV at the expected discount rate); and/or 

b) The counterfactual investment is assumed to have a similar duration profile to the project under 
consideration, and the universe of alternative investments themselves have a declining term 
structure of expected returns; and/or 

c) The counterfactual investment is assumed to have a fixed or average duration profile, so the 
opportunity cost can be quantified as a shadow price (the present value of benefits foregone, 
discounted at the STPR).  As an alternative to applying a shadow price on capital expenditures, a 
declining discount rate on project benefits will yield identical results.  

The first argument, known as the Expected NPV or ENPV approach, is the approach discussed most 
extensively in the literature, starting with Weitzman (1998, 2001).  When the discount rate is 
uncertain, the expected NPV (EPNV), that allows for alternative opportunity costs of capital, is higher 
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than the NPV at the expected discount rate. And the difference is greater for longer dated benefits 
because NPV is more convex.  The discount rate equivalent for the ENPV, referred to as the certainty 
equivalent discount rate, is therefore lower than the expected discount rate, and it also declines over 
time.   

This argument is exemplified as follows. Suppose we want to know the present value of a benefit 

that will be worth $100 in 50 years’ time, but we are unsure whether the correct discount rate is 5% 

or 10% (with equal probability). 

• At 5%, the present value of $100 would be ($100) x (1/1.05)^50 = $8.72 

• At 10%, the present value would be ($100) x (1/1.10)^50 = $0.85 

Therefore, the central (average) estimate of present value is ($8.72 + $0.85)/2 = $4.79.   

The single discount rate that would give $4.79 is 6.3% 

• i.e. ($100) x (1/1.063)^50 = $4.79.   

It follows that 6.3% is the “certainty equivalent discount rate”.  This is lower than the central estimate 

of the SDR, which would have been (5% + 10%)/2 = 7.5%.  Therefore, if we are uncertain about the 

correct SDR, the discount rate that provides a central estimate of present value is lower than the 

central estimate of the discount rate. 

However, this approach has been criticised for lacking a sound theoretical basis and for being under-
stated and “short-termist” with rates declining more slowly than under theoretically rigorous models 
linked to a welfare criterion (Gollier, 2016).   

The second argument for incorporating DDRs into a SOC/ROI discounting regime is to consider the 

returns actually available on alternative investments. Here the institutional framework within which 

CBA proceeds is important.  Consider a typical institutional setting where overall budgets are 

determined politically and/or on the basis of macroeconomic policy: 

1) This overall budget determines the aggregate level of government investment. 
2) Subsequently, CBA is conducted on candidate government projects, which are ranked according 

to NPV. 
3) If insufficient government projects pass CBA to meet the aggregate government investment 

target, the balance can be made up through direct investment in the private sector, such as 
through a sovereign wealth fund.  

This describes a typical rationale for the SOC/ROI approach.  In the context of intergenerational 

discounting and DDRs, the additional elements are: 

4) The political / macroeconomic process considers not only an aggregate investment target, but 
also a time profile for the duration of investment.  This “long term macroeconomic 
management” includes the intertemporal allocation of costs and benefits, matters of 
intergenerational equity, precautionary saving etc.   

In this case, long dated government projects play a crucial role in providing a mechanism for long 

term macroeconomic management.  The counterfactual, or next best alternative, for such a project 

must, at least in principle, have similar risk and duration characteristics.  A shorter dated, or higher 

risk private investment should not be considered substitutable for a longer dated, or lower risk public 

investment.   

This provides two potential arguments for a DDR in the SOC context: 
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a) Very long dated private investments have a declining term structure.  There is evidence that 
instantaneous risk-free rates are downward sloping in the long run (Brown and Schaefer, 2000), 
even if there is ongoing empirical debate about the term structure of risk premia (Boguth et al., 
2022). 

b) For very long- time horizons, there are no market based alternative investments. The premise of 
the SOC/ROI approach therefore does not apply, the discount rate should reflect either the 
underlying STPR or the second-best alternative of rolling over short term investments in 
alternative projects, with risk that future returns will not match those currently available.  In 
either case, a lower discount rate will result.    

The third argument for incorporating DDRs into a SOC/ROI discounting regime begins with similar 
reasoning to the second.  But, in this case, assume that the private investment foregone has a fixed 
or average duration profile (rather than one exactly matching the public project as in the argument 
above).  This is a realistic assumption in an SOC regime based on crowding out through additional 
borrowing and higher interest rates, where the impact on private financial markets from incremental 
borrowing should not depend on the nature of the public project that is financed by the borrowing.  
It is also realistic where direct investment in the private sector is the next best alternative, but where 
private investments have a relatively short duration profile and it is not realistic to assume that 
benefits will be recouped and reinvested indefinitely.   

In this case, the opportunity cost can be quantified as a shadow price (the present value of benefits 
foregone, discounted at the STPR).  As an alternative to applying a shadow price on capital 
expenditures, a declining discount rate on project benefits will yield identical results.  As noted 
above, SOC discounting is approximately equivalent to the more theoretically correct shadow pricing 
method and gives similar decisions for most projects.  But the approaches give diverging results for 
very short or very long dated projects unless the SOC itself has a declining term structure.  In this 
case, the SOC will decline towards the STPR over horizons significantly greater than the assumed 
duration of alternative private investments.  This approach can be thought of as a blend between 
SOC and STPR approaches, where the weight on the latter grows over time.  The STPR rate itself 
could also have a declining term structure for the reasons set out earlier.   

For example, assume that STPR = 3% and any public investment displaces an alternative investment 
that would return ROI = 5% for T=10 years.  The PV of the consumption benefits provided by the 
alternative, discounted at the STPR would have been (1+ROI)^T/(1+STPR)^T = (1.05/1.03)^10 = 1.2, 
which can be thought of as the shadow price of capital (SPC).  A public project of time t must have a 
higher NPV, which requires that its rate of return r over time period t satisfies (1+r)^t/(1+STPR)^t > 
SPC, which reduces to r > SPC^(1/t) * (1+STPR) -1.   

As can be seen in Figure 5 below, the required rate of return matches the ROI for a project with 
duration equal to that of the marginal alternative investment, but it declines towards the STPR for 
longer dated projects.  On the other hand, if the public project has a duration shorter than the 
alternative investment, i.e. 10 years, its rate of return must be higher in order to provide the same 
present value.  This reflects the fact that very short-dated investments are closer to consumption 
spending, and consumption spending is inefficient when it crowds out investment that would provide 
a return greater than the STPR.  As a practical matter, it is more likely that discounting would simply 
be done at the ROI for periods up to year 10. 
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Figure 5 Effective term structure of the Shadow Pricing of Capital equivalence argument  

A simpler argument is that, as with the STPR, any forecasts that the SOC/ROI will change over time 
could also lead to a declining term structure.  However, there is no evidence that the real return on 
capital is trending downward over time (Burgess and Zerbe, 2013) and this is not typically the 
argument presented for DDR.   

Brief summary 

As described above, much of the academic discussion on adapting the STPR or SOC to include DDRs 
is very technical. In summary, here are our brief conclusions from this discussion.  

Under the STPR approach, the main arguments for a DDR are (i) uncertainty about the rate of growth 
of incomes (consumption), (ii) a view that the long-term rate of income growth may decline, and (iii) 
an inverse approach to the precaution element in the pure time preference parameter that would 
put greater emphasis on long-term external risks than short-term risks. In our view, these arguments 
have some merit and could justify using a DDR with the STPR approach.   

Under the SOC approach, the main arguments for a DDR are (i) uncertainty about the long-term rate 
of return on investment or (ii) a view that long-run rate of return on investment may decline. In our 
view, there is no strong evidence for this. And the relevant reductions in the discount rate would  
have little material impact on valuations over 30 to 40 years out given that the starting SOC rates are 
typically high and valuations fall quickly in the first 30 years.  

4   Other Arguments for DDR Discounting 
 
As seen in Section 2, under exponential discounting, even under a relatively low 3% discount rate, 

low values are attached to benefits after 30 or more years. In this context, three additional 

arguments, outside the core discounting principles discussed above, are sometimes advanced for 

adopting DDRs. These are: (i) ethical considerations to safeguard the welfare of future generations, 

(ii) evidence of private time preferences falling over time, and (iii) the view that discounting 

undervalues some long-run, non-income (non-market), related goods, particularly health (life) and 

the environment.  
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Consider first the welfare of future generations. This review agrees with Kaplow (2007), that to 

achieve this, there is a strong case in principle to invest in the most efficient projects and to ensure 

that the benefits are then distributed as fairly as possible.  

In principle, future generations can nearly always be made better off with the adoption of efficient 

projects with high returns, some of which are saved and reinvested than with projects with low rates 

of return.  

Suppose that climate change would impose a $1.0 billion cost on a community in say 50 years. 

Following Table 1 above, adopting a STPR of say 3%, we should be willing to invest up to $230m to 

avoiding $1.0bn damages in 50 years’ time. But if we were to invest $230m with a ROI of say 5% 

continuously over 50 years, in 50 years’ time the community would have $2.6bn in benefits of 

various kinds.  

It follows that governments should be wary of adopting projects with low rates of return when 

projects with higher rates of return are available.  In this way, so long as opportunity costs are 

properly considered, the standard approaches to discounting do reflect the importance of 

safeguarding the welfare of future generations, and there should be no need for ad hoc adjustments 

to discount rates for long term projects.   

However, this argument does assume that negative effects are reversible, not absolute, and that 

projects do not lead to major loss of life or environmental deterioration. We return to these issues 

below. 

This conclusion is also based on the assumptions (i) that CBA leads to the selection of efficient 

projects, and (ii) that long term macroeconomic management, including distribution functions, is 

conducted in a separate function.  It may well be that long term macroeconomic management, 

including consideration of the welfare of future generations, requires additional long-term 

investment.  But that can be conducted through the funding of efficient projects, and if necessary, 

supplemented through investment in a sovereign (future) wealth fund.  It is not an argument for 

funding projects that are inefficient in the sense that higher returns could have been achieved 

elsewhere. Under this strategy, efficiency and redistribution are dealt with collectively but separately. 

However, this does assume a responsible long-term strategy is implemented to achieve both 

efficiency and distributional goals.  

Turning to private time preference rates, some economic commentators (e.g., Pearce et al., 2006), 

argue that there is evidence that private time preference rates, which are projected to be the basis 

for the STPR, fall in future periods. Thus, individuals are believed to have higher time preference 

rates between years 1 and 5 than between later years, say between years 21 and 25 or years 51 and 

55. Viscusi and Huber (2006) examined revealed rates of time preference for public goods, using 

environmental quality as the case study. A representative panel-based sample of 2,914 respondents 

in the United States considered a series of policy choices, yielding 14,570 decisions. They found that 

the rate of time preference is very high for immediate improvements and drops off substantially 

thereafter, which is consistent with hyperbolic discounting but inconsistent with exponential 

discounting. Wikipaedia reports that many psychological studies (e.g. Green and Myerson, 2004)  

have also demonstrated deviations in preferences from the constant discount rate assumed in 

exponential discounting.  

In the literature on private time preferences, hyperbolic discounting can allow for these findings, 

where valuations fall relatively rapidly in the near term, but then fall more slowly in subsequent 

periods. Estimates of the quasi-hyperbolic discounting parameter in the Viscusi and Huber study 
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(ibid.) ranged from 0.48 to 0.61. On the other hand, with exponential discounting, valuations fall by a 

constant factor per unit delay and the discount rate stays the same.  In the context of social 

discounting, such a preference structure would typically be implemented using exponential 

discounting with a declining discount rate.       

However, there are three significant reservations here. One is that the STPR is based on social time 

preference rates which are not the same as private time preference rates. Second, these private time 

preference rates may run into a problem of time inconsistency. With declining discount rates, project 

A may be preferred to project B if it starts in year 1, but project B could be preferred if the project 

starts in year 10 or year 20. This is, of course, a potential general problem with application of DDRs. 

Thirdly, private (or social) time preference rates are not key issues when the SDR is based on the SOC.  

Turning to (ii) the value of certain non-market goods, the case for a declining or lower discount rate is 

made most often in relation to health and the environment.  It is reasonably contended that health 

benefits, and certainly the benefit of extra life years, do not decline with income (or consumption). 

And the value of environmental outcomes may increase if environmental conditions, unlike income, 

deteriorate over time. Thus, there are two separate issues, although the UK Treasury Green Book 

treats them as similar.  

For example, the UK Treasury (2022) recommends that the SDR be lowered to 1.5% for health and 

environmental benefits along with a lower SDR of 1.29% for years 31 -75 and a still lower 1.07% for 

years 76 onwards.   

In the case of health, the recommended discount rate for risk to health and life values is reduced in 

all years because it is contended that the diminishing marginal utility associated with higher incomes 

(see Equation 3 above) does not apply as the welfare or utility associated with additional years of life 

or other aspects of health will not decline as real incomes rise. Although future generations are likely 

to live longer and healthier lives (see Abelson, 2021) they may still place the same marginal value on 

an extra year of life as current generations do. A simple and practical way to deal with this is by 

allowing lower, and possibly declining, discount rates for health benefits as the UK does. This is in 

effect a form of dual discounting. 

Turning to the environment, the principal issue is the possibility that although future generations 

may be enjoying higher consumption than today, they may be living in a deteriorated and inferior 

natural environment compared to today. Arguably, to recognise this, the benefits of environmental 

projects or programs with long-term impact should be given a higher value and / or (like health) be 

discounted at a lower rate.  

In the case of the environment, the future may well see a deterioration over time, implying that 

marginal utility of environmental goods will grow.  For example, if consumption is expected to grow 

at 2%, the environment is expected to deteriorate at 1% per annum, and assuming a typical value of 

2.0 for the elasticity of substitution, environmental goods should be uplifted at ½ * (2% + 1%) = 1.5% 

per annum in order to be expressed in consumption equivalent terms (Groom et al., 2022).  

These points may be viewed as arguments for either dual discounting or for relative price 

adjustments for environmental goods. They are not an argument that the underlying SDR itself 

should have a declining term structure.  They are therefore a conceptually distinct issue from DDR.  

However, they are highly relevant to the valuation of many long-term projects.  

Section 7 below discusses a further approach to giving due recognition to the value of long term, 

non-market, benefits in CBA. 
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5   DDR Discounting: Advantages and Disadvantages 
 
To provide context to the advantages and disadvantages of DDRs, we note the divisions within the 

quality academic profession.  There is fairly broad support among the academic profession for some 

use of DDRs.  As discussed above, supporters of the STRP approach to discounting are more likely to 

support DDRs than are supporters of an SOC approach.  

Under the STPR approach, the main arguments for adopting a DDR are (i) uncertainty about the rate 

of growth of incomes (consumption), (ii) a view that the long-term rate of growth may decline, so 

that more value should be placed on the well-being of future generations and (iii) putting greater 

emphasis on long-term external risks.  

Drawing on uncertainty about the rate of growth of income (consumption) in the STRP model, Nobel 

economist, Arrow et al. (2014) discusses the literature on declining discount rates and concludes (p. 

160) that “theory provides compelling arguments for using a declining certainty equivalent discount 

rate”.  However, they also note that “results from the empirical SDR literature are sensitive to the 

model estimated, the data series used to estimate the model and how the data are smoothed and 

corrected for inflation”.  

Likewise Groom et al. (2022) note that:  

As with the [Simple Ramsay Rule] there are significant difficulties when looking to calibrate 

the term structure of DDRs. As we have shown in other work, the appropriate term structure 

is extremely sensitive to whether a normative or positive position is taken on discounting 

(Freeman and Groom 2015), and that very small changes in econometric assumption have 

large consequences for the shape of this term structure (Freeman and Groom 2016). 

Therefore, while DDRs have wide theoretical acceptance, there remains significant 

disagreement over how they should be applied in a policy context. 

Burgess and Zerbe (2011, 2013) go further. They conclude that the practical complexity that would 

be added by a time varying discount rate, combined with the lack of consensus as to how rates 

should vary, favour the use of a constant rate in most cases.  

Turning to the SOC approach to discounting, the main arguments for a DDR are based on (i) 
uncertainty about the long-term rate of return on investment and (ii) a view that long-run rate of 
return on investment may decline. But these do not lead to DDRs with much effect.   

Under both (STRP and SOC) approaches, there are good arguments separately for application of dual 
discounting or relative price adjustments to improved life and health and improved environmental 
outcomes. These are highly relevant to the valuation of many long-term projects but are distinct 
from DDR. 

More generally, the primary arguments against introducing a DDR are:  

a) Difficulty in calibrating or estimating the “correct” schedule.  
b) The complexity introduced to the CBA modelling process given that the DDR will make little 

difference in most project evaluations.  This applies especially to the SOC approach to 
discounting.  

These arguments against a DDR are not insurmountable.  Firstly, while it may be difficult to calibrate 

the DDR schedule and there will always be debate about the theoretically “correct” schedule, many 

“practitioners thought that it is better to be approximately right, than precisely wrong on the issue of 

DDRs” (OECD, 2018, citing Groom and Hepburn 2017).   
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Secondly, once a schedule or approach is determined, application in routine CBA need not be overly 

complex.  An approximate stepped profile is easily implemented in Microsoft Excel, as is a continuous 

profile for most specifications where the forward rate can be expressed in a simple formula, such as 

Weitzman’s (2001) gamma discounting.  

Thirdly, while DDR will make little difference in most project evaluations, this can be allowed for by 

providing flexibility to retain a simple flat discount rate for projects of less than, for example, 30 or 50 

years.  In effect this is what occurs in stepped DDR regimes.   

On the other hand, in practical terms, other alternatives to adopting a DDR may be able to achieve 

most of the objectives behind the concept of DDRs. These include: 

a) Sensitivity testing at high and low discount rates to reflect the impact of uncertainty.  For 
example, simply discounting at a high discount rate and a low discount rate, then averaging the 
NPVs, provides very similar outcomes to a DDR based on the ENPV approach discussed above.  

b) Switching from a SOC/ROI approach to discounting to a shadow price of capital approach.  In this 
approach, long-term benefits are valued more highly due to the lower overall level of the 
discount rate, irrespective of the term structure.  

c) Dual discounting, or relative price adjustments, to ensure that the CBA allows for appropriate 
valuation of major health and environmental outcomes. 

Further, non-use values (existence and bequest values), are discussed below in Section 7. 

6   DDR Discounting: Some International Practice 
 
This section outlines the SDRs adopted in 18 counties and 3 international jurisdictions (ADB, EU and 
IB) drawing on Boardman et al. (2018) and Groom et al. (2022). Table 2 (next page) shows the 
approaches to social discounting and the principal social discount rates adopted by these countries 
and agencies, where possible using the terms presented in this report.   
 
Evidently there is considerable diversity of approaches and recommended SDRs, though the SOC 
approach is more common that the STPR approach (with 12 out of the 18 countries or agencies, 
including New Zealand, using the SOC approach). Note, in four cases, the source for these (Groom et 
al.) did not specify whether the SOC was the WCOF or ROI alternative.   

Most jurisdictions use one discount rate or provide a default to be used in the absence of project 

specific reasons to use a higher or lower rate. Some, including New Zealand4, the UK and France, 

recommend some project specific or sector-based risk adjustments. Generally, risk adjustments 

reflect non-diversifiable (systematic) risk and are based on the logic of the capital asset pricing model 

(CAPM) or the consumption equivalent (CCAPM). 

Table 3 (two pages below) shows how the same countries and jurisdictions approach the issue of 

declining SDRs.  All 6 countries or agencies using the STRP approach adopt some form of DDR, but 

often in very restricted manner after 50 or more years. In each case, this involves periodic changes 

rather than continuous (hyperbolic) lowering of the SDR. Only 2 countries (France and Norway) using 

the SOC approach appear to adopt some weak form of DDR. In Australia, the Office of Best Practice 

Regulation suggests supplementary discussion.   

 
4 See, NZ Treasury, 2008, Public Sector Discount Rates for Cost Benefit Analysis. NZ Treasury 2015, Guide to 
Social Cost Benefit Analysis. 
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Table 2  Social Discount Rates in 18 Countries and the ADB, EU and IDB  

SDR Method Country  SDR: (Boardman et al., 2018) SDR: (Groom et al., 2022) 

STPR ADB  9 

STPR European Union   4 3 

STPR Germany  1 

STPR Ireland  4 

STPR Sweden   4 3.5 

STPR United Kingdom      3.5 (1.5 health / education) 3.5 

    
SOC / WCOF Canada   8 8 

SOC / WCOF Chile   6 6 

SOC / WCOF Mexico 10 10 

    
SOC/ ROI Australia   7 7 

SOC/ ROI France 4.5 + specific risk premium 4.5 

SOC/ ROI IDB (World Bank)  12 

SOC/ ROI  Netherlands      5.5 2.25 

SOC / ROI New Zealand 6 (7 in designated sectors) 5 

SOC / ROI Norway    4 4 

SOC/ ROI Philippines 10  

    
STPR or ROI US (OMB and EPA) 3 and 7 3 (consumption)  

7 (investment)  

    
SOC Brazil  8.5 

SOC Columbia   9 

SOC Peru  8 

SOC/STPR Denmark  3.5 
 
Sources: Boardman et al., 2018, p. 259. Groom et al. 2022, (p.5)  

The UK Treasury Green Book (2022, p. 119) provides more detail on UK guidance for lowering the 

SDR over time.  “Where the possible effects of an intervention being examined as part of an appraisal 

are long term and involve very substantial or irreversible wealth transfers between generations 

further sensitivity analysis is appropriate. This could include irreversible changes to the natural 

environment ….. .  

This involves applying both the standard Green Book discount rate and a reduced discount rate 

(excluding pure social time preference) to costs and benefits. When applying this approach, the Net 

Present Social Value (NPSV) using the standard STPR and the reduced rate STPR should both be 

included in the results of the appraisal and explained clearly. The difference between these two 

estimates of NPSV provides an estimate of the intergenerational wealth transfer attributable to pure 

social time preference which should be part of the explanation of the approach.”  

Using the standard STPR, the Green Book then recommends an STPR of 3.5% in years 0-30, 3.0% in 

years 31-75, and 2.5% in years 76-125.  

The Green Book also recommends further sensitivity analysis to increase transparency and visibility 

of long-term effects can be undertaken. This involves presenting: “the average discounted annual 

cost of the effect over the first 30 years, alongside the calculation of UK welfare, an indication of how 

long the effect is expected to persist, an indication of the level of accuracy indicated by a range of 

reasonable values, and an explanation of how the value may be expected to change in the future.”  
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Table 3      Declining SDR in 18 Countries and 3 International Agencies  

SDR Method Country  Declining SDR (Boardman et al., 2018) Declining SDR (Groom et al., 2022) 

STPR ADB  Yes – and lower SDR for env. or social 
benefits 

STPR EU Consider alternative lower rate DDR over 50 years  

STPR Germany  Yes 

STPR Ireland  DDR over 275 years 

STPR Sweden   No Appears yes 

STPR UK      After 30 years Several discount rates 

    
SOC / WCOF Canada  No May use 3% for health and env.  

SOC / WCOF Chile  No  

SOC / WCOF Mexico No  

    
SOC/ ROI Australia  Include supplementary discussion Office Best Practice Regulation (2020)  

SOC/ ROI France Effectively No Yes 

SOC/ ROI IDB   

SOC/ ROI  Netherlands   No RPA for env. goods 

SOC / ROI New Zealand No  

SOS / ROI Norway   After 40 years After 75 years 

SOC/ ROI Philippines No  

    
STPR or ROI US (OMB)) Sensitivity analysis if intergenerational  
STPR or ROI US (EPA) After 50 years  

    
SOC Brazil   

SOC Columbia    

SOC Peru   

SOC/STPR Denmark  DDR for uncertainty 
 
Source: Boardman et al., 2018, p. 259. Groom et al., 2022, p.14. 

Drawing on the ENPV argument, in a report on environment and uncertainty, the Australian Office of 

Best Practice Regulation (OBPR, 2020) recommended a schedule of declining SDRs. This was when 

the national SDR was 7%. 

Period of years  1-30 31-75 76-125 126-200 201-300 301+ 

Discount rate 7.0% 5.4% 4.8% 4.3% 4.0% 3.7% 

 

These OBPR certainty equivalent rates were based on Harrison’s (2010) range of discount rates for 

sensitivity analysis of 3-10% and an assumption that rates within this range are equally likely.  

Arguably this overstates the degree of uncertainty. But, with these high SDRs, any outcome of over 

30 years still has very low present value. 

In general, such relatively small changes in SDRs from year 30 onwards are unlikely to have any 

significant impact on the results (the estimated NPVs).   

7    An Alternative to DDR – Current WTP for Long Term Non-Use Impacts 

Some arguments in favour of low and/or declining discount rates are based on a perception that 

discounting devalues certain non-market goods, particularly life and major diseases and the 

environment.  We discussed these issues, including dual discounting, in Section 5.   
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In this section we briefly discuss another issue associated with non-market values. In the context of 

environmental cost-benefit analysis, non-market values are also sometimes referred to as “non-use” 

or “existence” values. And they can be a significant component of total economic value (see OBPR 

2014 and OECD 2018).  As outlined in OECD (2018):   

Non-use value refers to willingness-to-pay to maintain some good in existence even though 

there is no actual, planned or possible use. 

The types of non-use value could be various, but a convenient classification is in terms of a) 

existence value, b) altruistic value, and c) bequest value. Existence value refers to the WTP to 

keep a good in existence in a context where the individual expressing the value has no actual 

or planned use for his/herself or for anyone else. Motivations here could vary and might 

include having a feeling of concern for the asset itself (e.g. a threatened species) or a 

“stewardship” motive whereby the “valuer” feels some responsibility for the asset. Altruistic 

value might arise when the individual is concerned that the good in question should be 

available to others in the current generation. A bequest value is similar but the concern is 

that the next and future generations should have the option to make use of the good. 

These non-use values provide a route for distant future outcomes to be attributed a concrete value 

today, not through the discounting of future consumption benefits, but through the WTP of the 

current generation.  Arguably, the strong support for climate change mitigation is explained in part by 

by altruistic and bequest motivations as much as by concern for the consumption levels of future 

generations.  If this is the case, expressing these values in CBA at present WTP values significantly 

reduces the sensitivity of evaluation to discount rates, as protection of future environmental 

outcomes results in benefit flows that arise today. 

Burgess and Zerbe (2011) take this approach to intergenerational and ethical concerns more broadly: 

If the current generation wishes to subsidize or penalize future generations these sentiments 

can be expressed directly through the values given to future costs or benefits. The use of very 

low (discount) rates, such as found by Weitzman’s experts and independently assumed by 

Stern (2007), seems to be a way to account for the risk of extreme damage rather than a 

desirable adjustment to rates. This sort of adjustment should take place through determining 

the values of benefits and costs and not through the adjustment of discount rates. That is, 

where the current generation has moral values that apply to future generations these should 

be counted in terms of WTP at present and not incorporated into the discount rate. To use a 

lower discount rate than the SOC rate for long-term projects is to either transfer wealth from 

the present generation to the future at greater cost to the present generation than necessary, 

or to leave future generations worse off than they would be without the project. Sunstein 

(2007) takes the correct stance when he recommends treating all generations the same. 

The method by which to treat this problem is to count present intergenerational equity 

concerns in terms of the current populations’ WTP for such a moral value instead of into the 

discount rate. An example is presented in Zerbe (2004). This provides an effective means to 

address equity concerns without having to adjust the discount rate used in the analysis. 

In the absence of relevant markets or surveys, estimating current WTP values for future 

environmental goods could be problematic. In any case, it should be guided by central agency advice 

rather than by one-off surveys by special interest groups.   
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But in some cases, there does exist a market price or a politically agreed shadow price for future 

costs or benefits, and in these cases that price could be used rather than a re-estimation in every 

CBA.  The primary example of this is climate change, where international cooperation is critical and 

global political processes are in place to estimate and ensure the application of a uniform social cost 

of carbon (SCC).  While discounting is a critical component in estimating the theoretically correct 

SCC, applications of the SCC in individual CBA evaluations need not repeat this analysis.  The SCC 

provides a price on emissions in the year they are emitted, so estimating and then discounting the 

costs in the distant future should not be part of routine CBA.  Instead, CBA guidelines should state a 

clear SCC or method to derive it from market prices and/or international commitments.  

8   Conclusions  

A declining discount rate may be continuous (hyperbolic) over time or stepped over various intervals 

in time.  

If applied, a DDR should be integrated with a core discounting approach, i.e. with either the STPR 

approach or with one of the two SOC approaches to discounting.  It is not a separate discounting 

method. 

Of the 18 countries and international agencies reviewed in this report, 12 (including New Zealand) 

use a SOC approach to discounting; 6 use the STRP approach.   

It appears that all six countries or agencies using the STRP approach adopt some form of DDR, but 

often only after 50 or 75 years. Only two countries using the SOC method appear to adopt a DDR. 

and then do so weakly only in the long run.   

Under the STPR approach to discounting, the main arguments for adopting a DDR are (i) uncertainty 

about the rate of future growth of incomes (consumption), (ii) a view that the long-term rate of 

growth may decline, so that more value should be placed on the well-being of future generations 

and (iii) putting greater precautionary emphasis on long-term external risks.  

With the SOC approach, the main arguments for a DDR are based on (i) uncertainty about the long-
term rate of return on investment and (ii) a view that long-run rate of return on investment may 
decline. But these do not lead to DDRs with much effect.   

The primary practical arguments against introducing a DDR are:  

• Difficulty in calibrating or estimating the “correct” schedule.  

• The complexity introduced to the CBA modelling process given that the DDR will make little 
difference in most project evaluations.  This applies especially to the SOC approach to 
discounting.  

A counter argument is that it is better to be approximately right, than precisely wrong on the issue of 

DDRs.   

And, once an approach is determined, application in routine CBA need not be overly complex.  An 

approximate stepped profile is easily implemented in Microsoft Excel. And a continuous profile for 

most specifications can be expressed in a simple formula, such as Weitzman’s (2001) gamma 

discounting.  

On the other hand, other approaches may be able to achieve most of the objectives behind the 

concept of DDRs. These include: 
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• Sensitivity testing at high and low discount rates to reflect the impact of uncertainty.  For 
example, simply discounting at a high discount rate and a low discount rate, then averaging the 
NPVs, provides very similar outcomes to a DDR based on the ENPV approach discussed above.  

• Switching from a SOC/ROI approach to discounting to a shadow price of capital approach.  In this 
approach, long-term benefits are valued more highly due to the lower overall level of the 
discount rate, irrespective of the term structure.  

• Dual discounting, or relative price adjustments, to ensure that the CBA allows for appropriate 
valuation of major health and environmental outcomes. 

The third option here, dual discounting, is perhaps the most robust and practical option and is 

compatible with both STRP and SOC discounting methods.    

In addition, willingness-to-pay for future non-use values (existence and bequest values) are a 

complementary approach to the above considerations.  
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Appendix: Discounting in Cost-Benefit Analysis  

The Appendix provides an outline of the CBA approach to evaluation and the role of social 

discounting.  

Cost-benefit analysis (CBA) is a systematic and comprehensive method of evaluation with the aim of 

maximising the social welfare of a selected community. This community is usually a country but may 

also include some external impacts, notably climate change impacts. Accordingly, CBA seeks to 

estimate and compare the total benefits and costs of a project, policy or program to the members of 

the specified community. Benefits are defined broadly as any increase in human well-being from 

market or non-market goods and costs are any reductions in well-being. To enable evaluations, 

benefits and costs are estimated using a monetary metric, usually the local currency in current 

values, e.g., NZ 2023 $s, excluding forecast nominal (inflationary) changes.   

CBA then sums the benefits and costs for each person or party of standing to obtain an estimated net 

social benefit (NSB).  

NSB = ∑Bi – ∑Cj (A.1) 
 

where B = benefits, C = costs, i = 1...m kinds of benefits and j = 1...n kinds of costs. NSB may be 

negative where costs exceed benefits.   

To allow for costs and benefits occurring at different times over a project lifetime, CBA employs the 

concept of present value equivalents. If a benefit in a future year is viewed as having the same value 

as a benefit to-day, we can simply add the dollar valuations. However, most individuals (and 

governments) place a lower weight on future costs and benefits. Hence the application of 

discounting to estimate present value equivalents.  

To illustrate with a simple example, suppose that a project has a capital cost of C in year 1 and net 

benefits of (B-C) in years 2 to 4, where B > C.  The present value of benefits less the present value of 

costs over years 1 to 4, known as the Net Present Value (NPV) may be expressed as:   

NPV = -C1 + w2(B-C)2 + w3(B-C)3 + w4(B-C)4 = -C1 + (B-C)2/(1+r) + (B-C)3/(1+r)2 + (B-C)4 +/(1+r)3      (A.2) 
 

where w is the weight (usually less than 1) attached to the cost or benefit in any year relative to the 

first year and i = 1...4 refers to the year. Equivalently the benefits in years 2 to 4 can be discounted by 

dividing by (1+r), (1+r)2 and (1+r)3 respectively where r is the social discount rate. For example, if w2 = 

0.97, r is approximately 0.03 and (1+r) equals 1.03. In other words, in this case the SDR is 3%.  

These discount rates are real discount rates. That is, they do not allow for inflation. Usual CBA 

practice is to work with constant prices and correspondingly with real discount rates. As shown in 

Equation 3, the present value of a future benefit (PV(b)) estimated in constant prices and discounted 

by a real rate of discount equals the present value estimated in inflated current prices and 

discounted by a nominal discount rate:  

PV(b)  = 
𝑏

(𝑙+𝑟)
  =  

𝑏(1+𝜋)

(𝑙+𝑟)(𝑙+𝜋)
    (A.3) 

 
where r is the real rate of discount and π is the rate of inflation. Thus, social discount rates in CBA 

should not include inflationary elements.  
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It should be noted that the discounting process in Equation A.2 starts in year 2. In the standard Excel 

formula, the discounting starts in year one.5  Ideally government should provide some guidance on 

the preferred start time(s) for discounting.   

Thus NSB = NPV, which equals the present value of all benefits less the present value of all costs over 
time: 

NSB = NPV = ∑PV(Bi)– ∑PV(Cj) (A.4) 

 
where, as before, there are i = 1…m sets of benefits and j = 1…n costs. If NPV > 0, the estimated total 

benefit exceeds the total cost and net social benefit is positive.  

The discount rate (r) in the approach outlined above can reflect the underlying welfare value of 

benefits occurring over time, in which case it is known as the social time preference rate (STPR).  Or 

it can reflect the rate of return forgone on alternative investments on the ground that it is socially 

inefficient to adopt projects with relatively low rates of return, in which case it is known as the social 

opportunity cost of capital (SOC).   

In either case, when a single SDR is adopted over the whole period of the project or policy, this is 

described as exponential discounting. 

 
The Principal Approaches to Social Discounting: STPR and SOC 

Allowing for two forms of the SOC, there are three major forms of discounting.    

• The STPR is the marginal rate at which society collectively is willing to forego consumption now 
for increased future consumption. 

• SOC1 is the weighted cost of funds (WCOF): this reflects the costs of the sources of funds. This is 
generally a combination of private investment and consumption foregone to fund a project. It 
may also include the cost of foreign borrowing.  

• SOC2 is the rate of return on investment (ROI) in the marginal alternative (public or private) 
project foregone.  

In an ideal world, SOC2 would match the STPR, but for various reasons described below SOC2 is often 

significantly higher than the STPR. 

The three forms of SDR are described in more detail below along with the basic formulae and 

mathematics that determines their value.  DDR discounting needs preferably to fit in with the basic 

principles that establish the underlying SDR – rather than be justified as a separate new discounting 

method.   

The social time preference rate 
 
The STPR places weights on marginal consumption over time to attempt to maximise the welfare of 

any given community, including future generations, over time. Following Ramsey (1928), social 

welfare is maximised by a SDR that equalises the marginal utility of consumption (or income) at each 

point in time. Controversially, the STPR often also includes a pure time preference rate.  

Thus, the STPR is generally represented by the Ramsay formula: 

STPR = 𝜃 + (g×η)  (A.5) 
 

5 In the standard Excel NPV formula, where SDR is say 5%, net present value is estimated for example by the formula 
=NPV(0.05, C20:Z20), where squares B20 to Z20 show the net benefits from year 1 to year 25 year. To avoid discounting in 
year 1, the formula needs to be re-expressed to =NPV(0.05,C20:Z20)+B20.     
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where 𝜃 is pure time preference, g is the expected growth in per capita consumption per annum and 

η is the elasticity of the marginal utility of income, i.e. the percentage fall in marginal utility from a 

one per cent increase in income.  

Estimates for both g and η are typically between 1.0 and 2.0 for developed economies (see Harrison, 

2010). This implies a mean value for (g×η) in the order of 2.25 to 2.50 with a range for (g×η) from 1.0 

to 4.0.  

Pure social time preference includes both pure time preference and an allowance for unpredictable 

risks not normally included in appraisal, known as ‘catastrophic’ and ‘systemic’ risk. This includes 

precaution against possible elimination of project returns through destruction of capital and 

technological obsolescence and catastrophic risk. UK Treasury (2022) proposes that 𝜃 has a value of 

1.5. On the other hand, Stern (2006) argued that 𝜃 should be 0.1 and Ramsey (1928) suggested 0.0.  

Following Equation (5), UK Treasury (2022) recommends adoption of the STPR = 3.5%. This is based 

on g =2.0%, η =1.0 and 𝜃 =1.5%.  

SOC1: The weighted cost of funds approach (WCOF) 

 

SOC1 may be represented by:  

WCOF = (w × STPR) + (1-w) (ROI) (A.6)  
 

where w is the proportion of capital employed in the project that reflects foregone consumption and 

(1-w) is the proportion that reflects investment foregone. ROI is the return on investment forgone. In 

some estimates of the WCOF, the cost of foreign capital is included as in Equation (A.7). 

WCOF = (w × PTPR) + (1-w-f) (ROI) +fMCf (A.7) 
 

where f is the proportion of investment that is funded by foreign capital and MCf is the marginal cost 

of foreign capital. 

The proportion of each “source” of funds is intended to reflect the contribution of each source to 

fund the project.  This may depend on the general sources of public funds rather than the immediate 

source of the funds employed in a project, which may be borrowing or tax financed. 

In most cases that we are familiar with, investment forgone represents at least 80% of the capital 

employed and hence is the dominant factor.  It is often argued that at the margin, additional 

government spending is financed through additional borrowing, which leads to higher interest rates, 

and that higher interest rates primarily crowd out private investment with only a small impact on 

private consumption.  Thus, WCOF is much closer to SOC2 (ROI) than to the STPR.   

SOC2: The rate of return on alternative investment (ROI) 

SOC2 is the gross rate of return (ROI) that would be achieved by an alternative investment in the 

public or private sector.  It is often estimated using market-based measures.  ROI is higher than the 

STPR for two main reasons. First, it is measured before tax and includes the return to government, 

whereas STPR is effectively estimated after tax (when it is estimated using market-based measures, 

such as risk-free interest rates). Second, ROI allows for non-diversifiable market risk. This is the rate 

of return that private business needs to achieve. Note, this does not include diversifiable project risk. 

In the public sector, public financial and/or expenditure constraints mean that the marginal rates of 
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return on alternative public projects also generally exceed social time preference rates, often by a 

significant margin. 

Estimates of the return on alternative capital investment may be based on historical returns to 

capital or on forward expectations of returns implied by current financial market pricing. Regarding 

the former, some estimates of the return on capital use historical national accounts data while others 

draw less broadly on the weighted average cost of capital (WACC) of listed companies.  

Drawing on the national accounts, US OMB (2003) adopted a real rate of 7% on the basis that this 

approximated the marginal pre-tax rate of return on an average investment in the private sector in 

ten recent years. Using the same approach, Harrison (2010) estimated a real rate of return on capital 

in Australia of 8.9%.  On the other hand, Moore at al. (2013) estimated that the real marginal ROI 

return on investment by private firms in the United States for the post-war period to 2011 was 6.8%. 

Although both are backward looking methods of estimating the SDR, the results have been relatively 

stable over time and may provide a reasonable proxy for expected future returns.  

Forward looking estimates are generally based on estimated (forecast) WACCs, employing the Capital 

Asset Pricing Model (CAPM) for the cost of equity component. The WACC is a weighted average of 

the cost of equity (Re) and cost of debt (RD): 

 𝑊𝐴𝐶𝐶 = (1 − 𝑔). 𝑅𝑒 + 𝑔. 𝑅𝐷       (A.8)  

where g is the ratio of debt to assets. The cost of equity is typically estimated using the capital asset 
pricing model (CAPM) and the debt (𝑅𝐷) component from observed debt yields.  

The standard CAPM is:  

 𝑅𝑒 = 𝑅𝑟𝑓 + 𝛽𝑒 . (𝑅𝑚 − 𝑅𝑟𝑓)      (A.9)  

In this model, the cost of equity capital (𝑅𝑒) equals the risk-free borrowing rate (𝑅𝑟𝑓 ), which 
represent the time value of money, plus compensation for the non-diversifiable (market) risk of the 
asset, where 𝑅𝑚  is the expected market return and 𝛽𝑒 is the covariance of equity returns of the 
project with market returns divided by the variance of market returns (known as the beta value). 
𝛽=1.0 means that an investment has average market risk.   

Table A.1 illustrates how WACC is estimated in more detail based on 2022 data for Australia. This 

includes separate assumptions and estimates made in 2019 by the Australian Energy Regulator (AER).    

Table A.1 shows potential parameters for a representative private investment: with an equity beta of 
1.0, a debt premium of 2.5%-3.5%, and lower gearing of 30-50%.  It shows a range around the central 
values for the market risk premium (6-7%) the value of imputation credits (30-50%) and expected 
inflation (2.25-2.75%).  The central outcome for these values is 5.7%.  

Given that regulated network services usually involve less than average market risk, the AER result is 
at the low end of the range of private returns available.  The AER assumed an equity beta of 0.6, a 
cost of debt based on a BBB+ rating, and 60% gearing (debt / total capital).  A typical private project 
might have an equity beta equal to the market average (i.e. 1.0) and would not be able to sustain 
both a BBB+ rating and a 60% gearing ratio. 

The ROI method of establishing a SDR for CBA evaluations typically produces a significantly higher 
SDR than the STPR method. In Australia this is currently around 5% to 6%.  
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Table 2   An Example of the Real Pre-Tax Rate of Return Using WACC (2022, Australia)  

 

 

Note: blue figures in the left-hand column are AER assumptions, all other columns are our assumptions and 

calculations.  Black figures are calculations, yellow cells are updated or modified parameters for the average 

risk project and red cells are parameters for which a range of estimates are shown.  In the final three columns, 

red figures are the sensitised parameters relative to the Mid case assumptions.   

 
But importantly, the purpose here is to illustrate how the WACC is estimated. Several inputs, 
especially expected inflation, have changed a lot in the last year. And, of course, NZ inputs may be 
quite different from Australian ones.  
 
In conclusion, the principles, and the SDRs arising from the three principal methods of choosing the 

SDR (STPR, WCOF and ROI), are quite different. And (as shown in Section 8 above), there are 

significant national differences in both the choice of method and choice of SDR.  

       

 

 

 

Range of estimates for 

"average risk" project Mid Case Sensitivities

Low Mid High

Spot Bond 

Yield

AER MRP 

/ gamma

Breakeven 

Inflation

2014-19 

Average 

Inflation

Nominal risk free rate [a] 2.04% 1.88% 1.88% 1.88% 1.31% 1.88% 1.88% 1.88%

Market risk premium [b] 6.10% 6.00% 6.50% 7.00% 6.50% 6.10% 6.50% 6.50%

Equity beta [c] 0.6 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Equity risk premium [d] = [b] x [c] 3.66% 6.00% 6.50% 7.00% 6.50% 6.10% 6.50% 6.50%

Nominal post tax return on equity [e] = [a] + [d] 5.7% 7.9% 8.4% 8.9% 7.8% 8.0% 8.4% 8.4%

Corporate tax rate [f] 30.00% 30.00% 30.00% 30.00% 30.00% 30.00% 30.00% 30.00%

Value of imputation credits [g] 58.50% 50.0% 40.00% 30.00% 40.00% 58.50% 40.00% 40.00%

Effective tax rate [h] = [f] x (1-[g]) 12.45% 15.00% 18.00% 21.00% 18.00% 12.45% 18.00% 18.00%

Nominal pre tax return on equity [i] = [e] / (1-[h]) 6.51% 9.26% 10.21% 11.23% 9.52% 9.11% 10.21% 10.21%

Debt risk premium [j] N/A 2.50% 3.00% 3.50% 3.00% 3.00% 3.00% 3.00%

Nominal pre tax return on debt [k] = [a] + [j] 5.74% 4.38% 4.88% 5.38% 4.31% 4.88% 4.88% 4.88%

Gearing [l] 60.00% 50.00% 40.00% 30.00% 40.00% 40.00% 40.00% 40.00%

Nominal pre tax weighted average rate of return [m] = ([l] x [k]) + (1-[l]) x [i] 6.05% 6.82% 8.08% 9.48% 7.44% 7.42% 8.08% 8.08%

Forecast inflation [n] 2.42% 2.50% 2.25% 2.00% 2.25% 2.25% 1.41% 1.75%

Real pre tax weighted average rate of return [o] = (1+[m]) / (1+[n]) - 1 3.54% 4.21% 5.70% 7.33% 5.07% 5.05% 6.58% 6.22%

Regulated utility 

(AER, 2019)
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