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ABSTRACT

This paper explains the conceptual basis for the social rate of time preference (STP) and why it is the appropriate method of choosing the social discount rate (SDR), compared to the most prominent alternative method: the social opportunity cost of capital (SOC). We recommend that for intragenerational projects in the United States, a rate of 3.5 percent is appropriate. For long-term intergenerational effects, we recommend using declining rates.

Obtaining the SDR is intrinsically a normative exercise in a second-best world. Policymakers should maximize a social welfare function that equals the present value of current and future utility from per capita consumption. In the presence of economic growth, there will be greater future consumption possibilities. Given the assumption of diminishing marginal utility of income, the consumption of a wealthier, future society should be discounted. Displaced private investment should be accounted for by first multiplying by the shadow price of capital, but this will not generally be necessary as most government interventions mainly affect consumption. Systematic risk should be handled by conversion of expected net benefits into certainty equivalents before discounting at the risk-free SDR, but empirically this effect is typically too small to matter.

Among governments there is increased adoption of both the STP method and the use of time-declining rates. Even governments using other approaches are lowering their rates, and most OECD countries now apply rates in the 3 to 5.5 percent range.
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In a benefit-cost analysis (BCA) of a potential public project or regulation, analysts must forecast the expected net benefits over some time horizon. To aggregate net benefits into a project’s net present value (NPV), appropriate weights—social discount factors—must be applied to impacts that occur in different years. For intragenerational projects (defined as those with up to a 50-year horizon), it is standard practice to use weights that decline at a constant rate. The annual rate of decrease of these factors is the social discount rate (SDR).1 A higher rate results in a lower present value of a future net benefit. This effect is magnified the further into the future an impact occurs. Lower rates favor projects with greater future net benefits, and higher rates favor those with more immediate net benefits, when comparing projects with the same initial investment profile and operational costs. Hence the selection of the SDR is a crucial determinant of whether a potential policy intervention has a positive NPV and of the relative merits of various interventions.

The main purpose of this paper is to explain the conceptual basis for the social rate of time preference (STP) and why it is the appropriate method of choosing the SDR. There are five related purposes: to explain how to obtain reasonable estimates of the underlying parameters of the STP; to propose an estimate of the SDR for the United States; to consider how to account for displaced private investment; to discuss how to incorporate risk into BCA; and to assess the role of time-declining discount rates in the evaluation of intergenerational projects. Several governments have moved in the direction of using the STP method. Regardless of method, government recommended rates are converging to a lower level. Estimates for most countries in the Organisation for Economic Co-operation and Development (OECD) now fall in the 3 percent to 5.5 percent range. We conclude that for intragenerational projects in the United States, a rate of about 3.5 percent is appropriate. For projects with long-term intergenerational effects, we propose the use of declining discount rates. Finally, the paper briefly considers the relative merits of an alternative SDR method: the social opportunity cost of capital (SOC).

1. THEORETICAL BASIS OF THE SOCIAL RATE OF TIME PREFERENCE

Choosing a method for obtaining the SDR is intrinsically a normative exercise. If the economy were in a first-best equilibrium (i.e., a state of economic efficiency), the choice would be uncontroversial. In this world, there would be a complete set of perfectly competitive markets, no externalities or informational asymmetries, no demand for public goods, no transaction costs or taxes, and all individuals could borrow or lend at the same market interest rate. All rational, utility-maximizing people would equate their marginal rate of time preference (MRTP), or the rate at which they wish to trade current for future consumption, with this interest rate when determining their time path of consumption. Every profit-maximizing firm would invest until its private marginal return on investment (ROI) was equal to this rate. The SDR would equal “the” market interest rate.

Real economies, however, have taxes and transaction costs, as well as multiple market failures such as informational asymmetries, externalities, incomplete and missing markets, public goods, and monopoly rents. Pretax returns on private investment exceed after-tax returns to private saving, and the rates on government debt typically fall between pre and posttax returns. In this second-best world, the choice of the SDR is not obvious. However, if a government intervention reduces present consumption in order to increase future consumption, the SDR should reflect the rate at which “society” is willing to make this trade.2

One approach is to base the SDR on the (presumed common) rate of individual MRTP by equating it with the return to saving, measured by the expected after-tax return to holding government debt. However, there are serious problems with this approach. First, individuals differ in preferences and opportunities. Some individuals are reducing their debt; this form of saving results in a much higher after-tax return than that earned on government bonds. Second, market interest rates only reflect the MRTPs of living individuals who participate in financial markets, and their preferences are effectively weighted by their wealth. Third, credit rationing prevents many individuals from borrowing. Fourth, individuals do not always make rational, consistent intertemporal choices.3 Individuals display time inconsistency; their rates of time preference decline over the time horizon.4 Individuals use different rates to discount different types of choices.5 Many individuals simultaneously borrow and lend; they pay down mortgages, save for retirement, and borrow on their credit cards.6 While such behavior is not irrational per se, it is unreasonable to assume that everyone can freely borrow or lend and to equate their MRTP with a single market rate. Finally, there are serious problems with the aggregation of individual choices into social choices.7 All these second-best realities seriously undermine the rationale for using market after-tax returns to savings as the basis for the SDR.

An alternative approach is to use the STP method.8 This method assumes that policymakers should evaluate government interventions with the goal of maximizing social welfare: the present value of the utility of society (or, in practice, of a representative individual). Utility depends on per capita consumption of all private and public goods and services, in present and future time periods. Although individuals do not make consistent, well-behaved intertemporal consumption choices, society should make public investments as though they do.

Policymakers should therefore maximize a social welfare function (W) that equals the present discounted value of current and future utility from per capita consumption:
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where U(ct) represents the utility that society derives from per capita consumption during period t.9 The discount factor, which is e–ρt, applies to the utility in period t (e is the exponential function).10 The pure rate of time preference, ρ, reflects society’s “impatience” and is the rate of decrease in the utility of incremental consumption purely because that utility occurs in the future. The solution yields the formula for the SDR:
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where [image: ] is the rate of change in per capita consumption and [image: ] is the absolute value of the elasticity of the marginal utility of consumption with respect to consumption.11 Equation (2) assumes that there is no uncertainty with respect to the future growth rate.12

While ρ, g, or η could vary over time, we initially assume that they are constant. In the first-best world, investment continues until the return on investment (ROI) equals the STP, and the growth of consumption is socially optimal. However, in a second-best world, the ROI exceeds the STP, and there is too little investment relative to the welfare-maximizing amount. If a government intervention has a positive NPV when discounting at the STP, it improves social welfare by this measure (the “Ramsey rule”).

The second term in equation (2) represents a normative social preference for more intertemporal equality in per capita consumption than would otherwise occur (i.e., consumption smoothing). With economic growth, there will be greater consumption possibilities in the future. Given the standard economic assumption of diminishing marginal utility of income, the consumption of a future, wealthier society should be discounted to some degree. Thus, the second term in equation (2) is the product of g, the future growth rate of per capita consumption, and η, the percentage reduction in the marginal utility of per capita consumption as per capita consumption increases by 1 percent (i.e., the absolute value of the elasticity of the marginal utility of per capita consumption). If ρ and η are set to zero, society values each unit of consumption occurring in the future as equal to the value of a unit of consumption in the present, reflecting indifference to temporal inequality. In contrast, as η approaches infinity, society completely discounts future consumption.

2. ESTIMATES OF SDR PARAMETERS FOR THE STP METHOD

The STP method requires estimates for g, η, and ρ.

2.1. Estimates of the Expected, Future Growth Rate of Per Capita Consumption (g)

Most methods of forecasting the growth rate either rely on extrapolation from historical data or combine that extrapolation with expert judgment. Many researchers propose an estimate of 2 percent for the growth rate of US per capita consumption.13 Drupp et al. survey 197 experts regarding the parameters in equation (2) for long-term discounting and find an average g of 1.7 percent.14

To predict g by extrapolating from historical, country-specific growth rates, one can regress the natural logarithm of real per capita consumption on time. Using annualized per capita quarterly data from the Bureau of Economic Analysis on real US consumption expenditures for 1947–2002, we estimate g for the United States at 2.3 percent.15 Shiller’s long-term data on US real per capita consumption yields an average annual growth rate of approximately 2.2 percent from 1947 to 2009, although it has trended downward.16 Between 1999 and 2009, it averaged 1.63 percent per annum. Averaging 2.2 percent and 1.6 percent yields 1.9 percent as an estimate of g.17 The most recent FRED data indicate a postwar average (1947–2018) of 2.24 percent.18 Given these estimates, a growth rate of around 2 percent seems reasonable, with sensitivity analysis in the range of 1.75 to 2.25 percent.

2.2. Estimates of the Elasticity of the Marginal Utility of Consumption (η)

This parameter represents the degree of social aversion to intertemporal inequality in consumption.19 There are at least four methods of estimating η.20 The first method adopts a life-cycle model of household behavior; η is taken to be the inverse of the intertemporal elasticity of substitution.21 The second method assumes that individuals have additively separable preferences for some commodity, usually food (so that the marginal utility of food consumption is independent of the consumption of other goods). With this method, η can be derived from estimates of the income elasticity, compensated price elasticity, and budget share of the additively separable commodity.22 The third method directly estimates η by surveying individuals,23 politicians,24 or experts25 regarding their aversion to intertemporal or intratemporal inequality. The fourth method estimates η from income tax schedules, using the degree of progressivity in the tax code to reveal society’s preference for reducing inequality and assuming that this intratemporal aversion to inequality can be applied to intertemporal inequality.26

The first two methods of estimating η rely on measures of individual behavior in markets, and consequently we argue that they will not usefully reveal social preferences regarding intertemporal equality, as discussed above. Estimates based on these two methods vary, with most being in the range of 1 to 2.27

The STP method attempts to represent individuals’ preferences for aggregate behavior as a society. So, we prefer to estimate η based on aggregated evidence of stated preferences for smoothing consumption. One means is to employ survey data. Layard, Mayraz, and Nickell use six surveys of experienced happiness as a function of income, covering more than 50 countries between 1972 and 2005.28 They estimate that the marginal utilities of income or consumption are in a narrow range from 1.19 to 1.3, with an average of 1.26. Alternatively, one could survey the preferences of democratically elected politicians for consumption smoothing, under the assumption that they represent some aggregation of individual preferences for social intertemporal inequality aversion. A survey of Turkish politicians finds that their preferences are consistent with an isoelastic utility function and a value of 1 for η.29 Finally, Drupp et al.’s survey of 197 experts finds an average value for η of 1.35.30

A fourth means of estimating η is based on the “equal absolute sacrifice” approach. This method assumes that a country’s tax schedule is designed such that the marginal utility of the tax burden is the same for all individuals. A more progressive tax schedule implies a greater decrease in marginal utility at higher income levels, and therefore a larger value for η. Assuming an isoelastic utility function,
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where [image: ] = the marginal income tax rate and [image: ] = the average income tax rate. Interpreted strictly, this function implies a smoothly changing tax schedule, rather than one with a limited number of tax brackets. Progressive tax systems always yield estimates that exceed one. And it is not clear exactly which taxes to include, nor which taxpayers’ rates to use. Nevertheless, taxation decisions in a democracy must be defended before an electorate and implicitly contain social values regarding (at least intratemporal) inequality in consumption. Using this approach, Stern finds a value of 1.97 for η in the United Kingdom.31 Evans and Sezer find values for six countries ranging from 1.3 to 1.7, with 1.43 for the United States.32 Evans provides estimates for 20 countries; these all lie in a range between 1 and 1.8, with 1.35 for the United States.33 Moore, Boardman, and Vining average various estimates for the United States to derive a central estimate of 1.35 for η.34

Groom and Maddison reestimate η for the United Kingdom using each of the four methods and provide a meta-analysis of existing studies.35 They cannot reject the hypothesis that all four methods of arriving at an estimate, and all three interpretations of the parameter, are the same. Their central UK estimate of η is 1.5.

Thus, the most reasonable estimates of η range between 1 and 2. We think that the use of the tax data is an appropriate, normatively grounded compromise that incorporates aggregate social views. The estimates using this method for the United States are tightly clustered, ranging between 1.35 and 1.43. We recommend a central US value of 1.35 for η, with sensitivity analysis at 1.0 and 1.7.

2.3. Estimates of the Pure Rate of Time Preference (ρ)

For intragenerational projects there is little disagreement that ρ should be positive, because those currently alive prefer to consume sooner rather than later. For intergenerational projects, there has been considerable debate about the value of ρ, because a positive number implies that the current generation is discounting the utility of future generations.36 However, if ρ is set equal to zero—weighting each generation’s utility equally—then optimal growth models imply implausibly high rates of savings.37 Using an estimate for η of 1.35 with ρ equal to zero, for example, produces an implied savings-to-income ratio of almost 75 percent. These rates of savings vastly exceed any observed in reality. Arrow suggests ρ should be set at around 1 percent to resolve this dilemma.38

Drupp et al. yield an average estimate for ρ of 1.1 percent.39 While the choice of the SDR and its parameters is fundamentally a normative exercise, we argue that proposed values should not be too inconsistent with observed, aggregate behavior.40 Given these considerations, an estimate of 1 percent for ρ is reasonable, although others feel that it should be zero because it is unethical to treat the happiness of future generations as inherently less valuable.41

2.4. Estimates of the STP for the United States

We propose estimates of 1 percent for ρ, 2 percent for g, and 1.35 for η. Following equation (2), this yields an SDR of around 3.7 percent. With sensitivity analysis at 1.75 and 2.25 for g, and 1.0 and 1.7 for η, the SDR could range from a low of 2.75 to a high of 4.83 percent. Rounding, a central value for the SDR of 3.5 percent with sensitivity analysis at 2.5 and 5.0 is reasonable.

Drupp et al. yield an implied average value of 3.4 percent for the STP, using equation (2).42 However, when asked directly for estimates of the SDR, respondents’ average value was 2.25 percent, indicating that most gave answers that are not completely consistent with the STP equation.

3. DISPLACED PRIVATE INVESTMENT AND THE SHADOW PRICE OF CAPITAL

A public investment that sacrifices current consumption and generates a greater return than the STP raises social welfare. If the project sacrifices current investment as well as current consumption, then the forgone investment would have yielded future consumption possibilities at the higher ROI rate. To ensure that society is better off, resulting private-sector investment changes should be converted into consumption equivalents by multiplying them by the shadow price of capital (SPC) before discounting at the STP.43 To value that lost consumption, we initially assume that a dollar invested in the private sector earns a return (net of depreciation) of the ROI during each period and is consumed in perpetuity. To obtain the present value of this consumption stream, we discount the amounts received each period at the STP to obtain
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θ represents the SPC: the present value of the consumption resulting from investing one dollar in the private sector. This formula is based on a simplifying assumption that the entire investment return is consumed during the period in which it occurs. It is more plausible that some would be consumed and some reinvested. Suppose a constant fraction f of the return is reinvested each period, while the fraction 1 − f is consumed. The SPC is then the present value of this consumption stream discounted at the SDR, yielding the following value for θ :
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Moore, Boardman, and Vining use US data for the parameters in equation (5) and estimate θ = 2.2. However, shadow pricing is usually unnecessary.44

3.1. When Shadow Pricing of Capital Is Unnecessary

For regulations that primarily affect private consumption (e.g., through higher prices), discounting should proceed at the STP. For cost-effectiveness studies of policies with similar time-profiles of expenditures, shadow pricing does not affect the results. For projects that are self-funded, shadow pricing does not affect the go or no-go decision (although it might affect project ranking.45 If public investments are tax financed, then income taxes primarily affect consumption (since most income is consumed), and most other taxes fall even more heavily on consumption.46 The main effect of engaging in a government project is thus to reduce consumption rather than investment. Shadow pricing is only important if a project significantly crowds out private investment, which is most likely when a project is debt financed in a closed economy. But most economies are open to financial capital flows and most projects are tax financed, so displacement of private investment is unlikely.47

4. ADJUSTING FOR RISK

Thus far, we assume a certain future consumption growth rate. What difference would risk to consumption growth make? If per capita consumption growth is normally distributed with variance σ2, then according to Gollier,48 equation (2) becomes
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Using Shiller’s long-term US data, the variance of the growth rate of per capita consumption from 1947 to 2009 is 0.033 percent.49 Using our US estimate of η = 1.35, this would only reduce our SDR estimate by 3 basis points.

Next, consider project risk. Because of optimism bias, net benefits are often overestimated. This is best dealt with by correctly estimating expected net benefits and further adjusting them (if necessary) in light of historical evidence. Project risk refers not to overestimated net benefits but to the risk that actual net benefits differ from their expected values. This risk can be divided into nonsystematic risk (uncorrelated with consumption) and systematic risk (correlated with consumption). The former is spread over the population and is negligible for any individual.50 Also, nonsystematic risk will be almost completely eliminated if the portfolio of government spending (and, a fortiori, overall consumption sources) is spread across many projects.51 Systematic risk should be handled by discounting certainty equivalents of net benefits at the risk-free rate in equation (6). But for almost all projects, the difference between a certainty equivalent and its expected value is too small to matter.52

Some analysts use the capital asset pricing model (CAPM) to propose that the SDR should incorporate a sizable systematic risk premium. However, the conditions required for this to approximate the correct method of discounting certainty equivalents at a risk-free rate are implausible for most projects.53 And, given reasonable estimates of the degree of risk aversion and the variance in the growth rate, the risk premium would be insignificant.54

The limited degree of individual risk aversion and historical volatility of growth also drive the “equity premium puzzle”: that investors require a 4 percent to 6 percent premium to hold risky equities, rather than about 1 percent.55 Investors may be more risk averse than estimates of η indicate. Alternatively, investors may fear a greater decrease in the growth rate than has been historically observed.56 Gollier argues that fear of an economic catastrophe simultaneously explains large equity risk premiums and very low risk-free rates.57

While the equity risk premium puzzle is still unresolved, one possibility is that many private-sector firms face nonsystematic risk because owners or managers cannot fully diversify their wealth. If so, the private sector requires higher returns on investment (and uses higher discount rates) than the CAPM implies. Further, there is no reason to use private-sector risk premiums in public project evaluation. In a second-best world it is more appropriate for the government to derive shadow prices for risk and time based on social welfare maximization.

5. INTERGENERATIONAL SOCIAL RATES OF TIME PREFERENCE

Some government interventions, such as climate change mitigation, have very long-term effects. There are at least two arguments in favor of time-declining discount rates for intergenerational projects.58 The first is based on an uncertain SDR. Even if one uses the SOC approach, future investment returns are uncertain. Allowing for this uncertainty means that increasingly lower discount rates should be used to discount consumption flows that occur further into the future.59 To calculate the expected net present value of a project, one must take expectations of the possible discount factors rather than of the possible discount rates.60 This results in a certainty-equivalent discount rate that declines as the time horizon grows.61

The second argument for time-declining discount rates is that consumption growth is risky and displays positive, serial correlation, meaning that random shocks accumulate over time. Using the STP method, decision makers should be risk averse and therefore care more about negative shocks to consumption than about equal positive shocks. As equation (6) shows, this results in the “prudence term” −0.5η2σ2, lowering the SDR. As the variance of the growth rate increases over the time horizon, this results in a schedule of time-declining SDRs.62 In developed countries, estimates of the uncertainty can be based on long-run (100 years or more) econometric data.63

6. CHOOSING BETWEEN THE STP AND THE SOC

The STP method derives an SDR that reflects a reasonable social aggregation of preferences over intertemporal inequality, given actual savings behavior and estimates of future growth rates. This is sometimes labeled the “prescriptive” approach, since it explicitly prescribes values for the parameters on the right-hand side of equation (2).64 The alternative is to set the SDR equal to a (weighted) SOC, calculated as some weighted average of the ROI, the MRTP, and the marginal cost of foreign funds.65 This has been referred to as the “descriptive” approach, as it uses market rates of return as sources for the parameters of the SDR. This distinction is highly misleading, as both methods combine prescription with description. The choice of the SDR is a normative exercise. Both methods rely on value judgments and, to some extent, on observable economic behavior.66

One justification for the SOC approach is that it is consistent with BCA norms. But these norms require value judgments: accepting the status quo distribution of income, treating the social marginal utility of consumption as equal for all individuals, giving standing only to those living and participating in markets, embracing Pareto optimality as a social goal, and using the Kaldor-Hicks compensation test. Any of these could be questioned on normative grounds, as could the determination that the government ought to price time and risk in the same manner as private firms and individuals.

The use of the SOC method of choosing the SDR is fundamentally an “opportunity cost of public funds” argument.67 SOC proponents argue that when a public intervention occurs, it diverts resources from private investment, so the social returns on this investment should be viewed as the time value of the money and used to discount net benefits. But this means that the counterfactual to a government project is an equally funded private investment, absent market failure.

There have been two such justifications for the SOC method. The first is that any government project should be treated as funded on the margin by the issuance of government debt and that this increased debt raises interest rates and primarily crowds out private investment as well as some private consumption and net exports.68 However, not every project can be assumed to be debt funded. While some projects may be funded by increasing the debt, others—e.g., road maintenance or federal R&D—would likely be part of a balanced budget. In our view, governments make decisions about the debt level and subsequently decide whether to undertake various projects.69 To the extent that public goods are ultimately funded by tax dollars, the appropriate counterfactual to the government project is not lower debt and higher private investment, but lower taxes and more private consumption. Taxes primarily reduce current consumption rather than investment for the simple reason that consumption is a much larger share of total expenditure. Further, if some project is debt financed, then the STP method correctly accounts for any displaced private investment by shadow pricing. The SOC method tries to account for displaced investment by adjusting the discount rate. Since both the STP with the SPC and the SOC consider displaced investment, one might suppose that they would result in the same NPV. But this is not the case, except under very restrictive assumptions.70 The second opportunity-cost justification for the SOC method is that private investment should be considered as the next best alternative to a government investment.71 In a mixed economy, the government does not have the option to invest directly in the private sector.72 But even if it does, the correct approach is to evaluate all possible government investments in both public and private sectors using the STP as the SDR, and then to invest in the highest-ranked projects first.

A final criticism of the SOC method is that private investment returns do not accurately measure the social marginal return to private investment. Private returns include monopoly and informational rents and do not net out negative externalities. Additionally, they are often estimated using the average rather than marginal returns on investment. Finally, private returns incorporate large risk premiums, but incorporating private-sector risk premiums in the SDR is incorrect for reasons discussed in section 4 and extensively in Moore, Boardman, and Vining.73

7. CONCLUSION

The method of obtaining a social discount rate is a normative choice. A government intervention that trades present for future consumption should reflect the rate at which society is willing to make this exchange. There is an increasing academic consensus for the use of an optimal growth framework to derive the social rate of time preference as the SDR. We propose a rate of around 3.5 percent for the United States based on this STP method, given reasonable estimates of the underlying parameters.

Choosing interventions that pass an NPV test while discounting at this rate will improve social welfare, using a social welfare function that represents society as an infinitely lived agent that consumes the average amount of consumption in each period. The counterfactual to most interventions is higher current consumption, so this is the appropriate method. Any displaced private investment should be converted to consumption equivalents using a shadow price of capital (around 2 for the United States), although this will rarely be necessary. To account for systematic project risk, expected net benefits should be replaced by certainty equivalents before discounting at a risk-free STP, but this will hardly ever be required.

Using market-based interest rates as a basis for the SDR is inappropriate. Using private returns on investment as a measure of the opportunity cost of public projects is inappropriate mainly because investment in the private sector is not a reasonable counterfactual for most government interventions. This is particularly true for interventions with very long-term effects, as there are no private investments with maturities that match these time profiles. There are reasons to consider the use of time-declining SDRs for very long-term effects, although there is further work to be done in this area.

Current government practices vary, but there has been an increased adoption of the STP method and the use of time-declining rates.74 Even governments using alternative approaches have been lowering their recommended rates, and most OECD countries now apply rates in a range of 3 percent to 5.5 percent.
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