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Abstract

We analyze the fiscal and welfare implications of the size of public debt in

stochastic OLG models with distortionary taxation. The government borrowing

rate is realistically sensitive to debt issuance and lower than the growth rate. The

risky rate is much higher due to convenience benefits of public debt, idiosyn-

cratic return risk, and aggregate risk. Although free-lunch deficits can reduce tax

distortions, welfare-maximizing debt (WMD) is considerably lower than deficit-

maximizing debt (DMD) in our baseline model calibrated to the US economy. A

detailed decomposition of ex ante welfare reveals the forces shaping WMD, the

strongest being the positive risk-sharing effect and the negative crowding-out ef-

fect. We identify key drivers, such as pension policy or risk premia, and quantify

their differential impact on WMD and DMD. Extending the model to account for

market power substantially reduces WMD. When wealth inequality is included in

the model, the rich favor much higher debt than the middle class.
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1 Introduction

What debt-to-GDP ratio should a country aim for in the long run? While higher pub-

lic debt tends to crowd out private capital with adverse consequences for wages and

increased government borrowing costs, it also offers distinct advantages. A higher

supply of public debt can reduce households’ consumption risk and provide conve-

nience benefits due to liquidity or regulatory advantages. Further, at interest rates

lower than growth rates, positive debt levels can generate free-lunch deficits, which

can, in turn, alleviate distortionary taxation. This paper aims to systematically investi-

gate these trade-offs in an overlapping generations (OLG) model calibrated to the US.

Deficit-maximizing debt (DMD) turns out to roughly equal 100 percent of GDP, yet

welfare-maximizing debt (WMD) is about thirty percent lower. It is even lower if mar-

ket power is taken into account. When wealth inequality is included in the model, the

middle class favors government debt lower than the WMD in the representative agent

case. The rich, in contrast, favor debt-to-GDP ratios even above the DMD level.

Our baseline model is just rich enough to capture and quantify the mechanisms

most important for assessing the implications of debt levels for welfare. The model can

be thought of as an extension of the two-period stochastic OLG model with Epstein–

Zin preferences in Blanchard (2019). Our welfare measure is, also following that sem-

inal paper, ex ante utility.1 As a first step in making the model quantitatively more

meaningful, we calibrate the risk-free rate not only to be low but also realistically sen-

sitive to government debt levels. That sensitivity has two sources. First, the conve-

nience benefit of government debt, which we, following Mian et al. (2025), include in

households’ utility and calibrate to empirical estimates of its level and sensitivity. Sec-

ond, the crowding out of capital, which we pin down by calibrating the production

function to satisfy the overall sensitivity of the risk-free rate. Our next step towards a

quantitatively more convincing model is to calibrate the risky rate of return to be real-

istically higher than the government’s borrowing rate, by six percentage points. That

1Ex ante utility, in contrast to ex interim utility, takes into account the risk that unborn generations
face with respect to the state they will be born into. See Mankiw (2022) and Brumm et al. (2024) for a
detailed discussion.
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gap is partly due to the convenience yield, yet it mainly reflects a risk premium that

households demand for idiosyncratic and aggregate risk. Idiosyncratic return risk is

calibrated based on cross-sectional data from Snudden (2025). Aggregate risk stems

from shocks to productivity and to depreciation that match the historical variation and

correlation of returns to labor and capital taken from Jordà et al. (2019). The govern-

ment, in addition to maintaining a constant debt-to-GDP ratio, runs a pay-as-you-go

social security system with a fixed contribution rate and spends a given fraction of GDP

on not further modeled expenditures. Regarding taxation, which balances the govern-

ment’s budget, we fix the share of the tax burden that falls on labor relative to capital

and calibrate that share to US data. Importantly, and in contrast to all the related recent

literature discussed below, labor taxes are distortionary in our model, which implies

an important link between deficits and welfare.2 In particular, as long as debt to GDP

is below DMD, increasing debt lowers the tax burden and thus reduces the distortion

imposed on the economy. Despite this important mechanism, free lunch deficits are

not necessarily welfare-improving. Indeed, we find WMD to be substantially smaller

than DMD.

Our baseline model shows that at reasonable rates of return — a risk-free rate two

percentage points below the growth rate and a risky rate four percentage points above

it — DMD is roughly equal to yearly GDP, while WMD is substantially lower: 105 ver-

sus 74 percent of GDP to be precise. To better understand this result, we decompose

the impact of debt-to-GDP changes on welfare into three effects: first, the convenience

benefit of government debt; second, the risk-sharing effect, which reflects the fact that

government debt can help agents to partly insure against idiosyncratic and aggregate

risk; third, the risk-neutral effect that captures the impact on average consumption lev-

els and is mainly driven by crowding out of capital. At DMD, the positive effects from

convenience benefits and risk-sharing are outweighed by the negative risk-neutral ef-

fect. Only at debt-to-GDP ratios much lower than DMD does the risk-neutral effect

2Cao et al. (2024) analyze public debt in a deterministic OLG model with distortionary taxation.
While they do not consider welfare, their findings about the macroeconomic effects of higher public
debt are in line with our results.
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become sufficiently weak so that the positive effects dominate. To put this result in

perspective, note that the simpler models by Blanchard (2019) and Brumm et al. (2024)

focus on lower risky returns than we do. Insofar as they consider realistically high

risky returns as calibration targets, they find strongly negative implications of public

debt. Our model is more favorable to public debt, mainly due to three of its features.

First, a positive convenience benefit of government debt. Second, a realistically low

sensitivity of the risk-free rate. Third, endogenous labor supply, which allows free

deficits to alleviate tax distortions.

As a next step, we scrutinize the notion that lower real interest rates imply lower

fiscal and welfare costs of public debt, thus speaking in favor of higher debt-to-GDP

ratios. We consider various scenarios that all result in a fifty basis point drop in the

risk-free rate relative to our baseline. We find that DMD and WMD rise substantially,

although to different degrees, if the risk-free rate falls due to increases in risk, conve-

nience benefits, or longevity. However, if reduced government spending is depressing

interest rates, then WMD and DMD move in different directions — WMD falls while

DMD rises. To further understand the mechanisms driving DMD and WMD, we ana-

lyze how they depend on policy choices and calibration targets. Higher pensions, for

instance, reduce WMD strongly, while a lower target for the risk premium substantially

increases WMD. DMD, in turn, changes much less or almost not at all, respectively.

Until this point in our analysis, we make the standard simplifying assumption that

firms operate under perfect competition. Market power can, however, substantially

alter the welfare implications of public debt policy, as Ball and Mankiw (2023) show. To

evaluate this nexus, we embed the production sector of their model in our, otherwise

richer, OLG model. In the aggregate, there are only two key changes relative to our

baseline. First, real factor prices are reduced by the aggregate markup. Second, a share

of aggregate income accrues as profits. As a consequence of these changes, we now

have to distinguish between the net return per unit of capital, which corresponds to

the target from national accounts, and the social return to capital, which equals the

marginal product of capital. We find that with moderate levels of market power the
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social return exceeds the net return to capital by about 20 basis points. The higher social

return to capital implies a stronger crowding-out effect than in the baseline model. As a

consequence, WMD decreases substantially when market power is taken into account.

In contrast, DMD is effectively unchanged compared to the baseline — illustrating,

once again, that focusing on free-lunch deficits can be misleading.

As a final extension of our model, we include ex ante heterogeneity between house-

holds. We assume that there are high-income (rich) and low-income (middle-class)

households within each generation. The high-income households save a larger frac-

tion of their income than the low-income households, resulting in wealth inequality

that is higher than income inequality, just as observed in real-world data. To gener-

ate this pattern in a simple way, we assume that income is positively correlated with

patience. In the resulting model, DMD is, once again, basically the same as in the

baseline. However, agents now differ strongly in their preferred levels of debt to GDP.

Comparing the welfare decomposition for the two types explains why. For the rich,

the positive risk-sharing effect is much larger than for middle-class households, as the

risk-free government bond is more important for them to smooth their old-age con-

sumption. Moreover, the negative risk-neutral effect is much weaker for the rich. The

reason for this becomes apparent when comparing the composition of lifetime income

of the different types. Middle-class households save a substantially smaller share of

their wages than rich households. The impact of higher public debt — lower wages

and higher returns — is thus less favorable for the middle class than for the rich. As

a result, middle-class households prefer a debt-to-GDP ratio lower than in the base-

line model. Rich households, in contrast, want the debt-to-GDP ratio increased even

beyond DMD.

Our analysis shows that it is important to clearly distinguish between a purely fiscal

perspective and a welfare perspective when assessing debt-to-GDP ratios. For this

purpose, we establish the concepts of DMD and WMD. While our exact quantitative

results are naturally sensitive to modeling choices and calibration targets, our analysis

demonstrates that the following insights are of quantitative relevance. First, it is rather
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the rule than the exception that DMD and WMD differ strongly. Second, WMD can be

substantially lower than DMD, implying that it may not be desirable to take advantage

of all available free-lunch deficits. Third, the location of WMD, and the difference

between WMD and DMD, depends on many driving forces, which our model helps

to identify, illustrate, and quantify. Fourth, market power tilts the welfare evaluation

strongly in favor of lower public debt. Finally, higher debt has a quite heterogeneous

impact on households — the rich stand to benefit from higher debt even beyond DMD,

while such debt levels are quite detrimental to the middle class.

The remainder of this paper is organized as follows. Section 2 provides a short

literature review. Section 3 describes our baseline model and Section 4 presents our

main results. Section 5 adds market power to the baseline model, while Section 6

includes income and wealth inequality. Section 7 concludes.

2 Related Literature

This paper builds on the extensive literature on dynamic (in-)efficiency and intergen-

erational transfers in OLG models. It is most closely related to the recent literature

assessing the feasibility of free-lunch deficits and the welfare implications of public

debt. In the spirit of this literature we take the tax and transfer system as given, so we

do not contribute to the literature analyzing joint optimality of this system with debt

policy, as, for instance, in Bhandari et al. (2017b), Dyrda and Pedroni (2023), or Auclert

et al. (2024).

Intergenerational Transfers. Samuelson (1958) and Diamond (1965) show in deter-

ministic OLG models that competitive equilibria may be inefficient when the interest

rate is below the growth rate and that intergenerational transfer schemes may be Pareto

improving. In stochastic models, welfare assessment is much more difficult for two

reasons. First, one has to distinguish between the risk-free and the risky rate of return,

and both matter. Second, when evaluating welfare one has to take a stand on whether

agents born at a given time under different shocks are considered as the same agent
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or different agents — corresponding to the concepts of ex ante or ex interim Pareto

efficiency; see, e.g., Abel et al. (1989) and Ball and Mankiw (2007), respectively. Several

quantitative studies provide welfare evaluation of pay-as-you-go social security sys-

tems in OLG models, either in the presence of idiosyncratic risk, e.g., İmrohoroglu et

al. (1995), aggregate risk, e.g., Krueger and Kubler (2006), or both, as in Harenberg and

Ludwig (2019). In contrast to these papers, we take the scale of the US social security

system as given, and focus on the optimal level of government debt. This study also

differs from all the above papers in that it considers endogenous labor supply and real

interest rates below the growth rate.

Free-Lunch Deficits. The debate on government debt under low real interest rates

prominently features Blanchard (2019), who argues that deficits may entail no fiscal

costs and might even be welfare improving.3 These two claims are scrutinized in

the recent literature. Regarding the fiscal costs, several papers show that an interest

rate below the growth rate indeed implies free-lunch deficits yet not unlimited fiscal

space.4 Reis (2021) does so in a model with idiosyncratic risk, Brunnermeier et al.

(2024) include idiosyncratic and aggregate risk, and Mian et al. (2025) focus on the case

of convenience benefits of public debt. We follow Mian et al. (2025) in quantifying

DMD based on matching the sensitivity of the real interest rate to government debt,

for which they provide a thorough overview of empirical estimates. Relative to that

paper we include distortionary taxation and a larger set of drivers for the gap between

the risky and the risk-free rate.5 Other papers focusing on the convenience benefit

arising from safety and liquidity services of government debt include Mehrotra and

Sergeyev (2021), Bayer et al. (2023), and Domeij and Ellingsen (2018). Krishnamurthy

and Vissing-Jorgensen (2012) provide empirical evidence on the functional form and

3See Reis (2022) and Blanchard (2023) for excellent reviews of the broader discussion.
4Garín et al. (2019), however, point out that this conclusion depends on the reason for lower rates

and that under some circumstances fiscal space does not increase at all — a finding that our analysis in
Section 4.3 shares and extends.

5The richer modeling in our paper has the benefit that it allows a reasonable welfare analysis, yet
the drawback that we lose analytical tractability. We solve the model globally via time iteration and
interpolate on the four dimensional state space using sparse grids; see Brumm and Scheidegger (2017).
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spread of the convenience yield, which we use for our calibration. The fiscal assess-

ment of deficit policies also entails the question whether infinite debt rollovers are sus-

tainable. Kocherlakota (2023a) shows that the scope for such Ponzi schemes expands

when interest or growth rates are stochastic rather than deterministic. Angeletos et al.

(2024) demonstrate the possibility of free-lunch deficits, at interest rates exceeding the

growth rate, in a New Keynesian model with a perpetual youth structure.6

Public Debt and Welfare. Turning to the welfare assessment of public debt in low

interest rate environments, there are several recent papers that add to the perspective

of Blanchard (2019). Brumm et al. (2022a) provide stylized counterexamples showing

that deficit policy may be problematic from a welfare perspective even at low interest

rates. Brumm et al. (2024) consider closed and open economy variants of the Blanchard

(2019) model and show that welfare improvements from introducing pay-as-you-go

policies stem, if they arise at all, from risk sharing. Abel and Panageas (2025) analyze

a version of the Blanchard (2019) model where labor-augmenting growth is explicitly

modeled and aggregate risk is restricted to affect capital returns only; they prove that

welfare is maximized (as in the deterministic case) at the debt level where the risk-free

rate equals the growth rate and deficits are thus zero.7 Ball and Mankiw (2023) include

market power in deterministic neoclassical growth models and find that government

debt may reduce welfare even at low risk-free rates.8 Motivated by this study, we ex-

tend our model to include market power as one of many factors driving rates of return,

and find that it substantially lowers WMD. Barro (2023) considers an infinite-horizon

neoclassical growth model where disaster risk generates a realistic risk premium, and

shows that the model is dynamically efficient as long as the expected risky return is

greater than the growth rate. Among contributions that consider Bewley-Huggett-

6In a model that shares these characteristics, Aguiar et al. (2023) explore how fiscal and monetary
policy jointly determine the allocative implications of public debt issuance.

7In Appendix A.6 we utilize an extension of the model in Abel and Panageas (2025) to discuss how
capital-return shocks and their specific modeling affect the analysis of optimal debt levels.

8Basu (2019) and De Loecker et al. (2020) provide empirical evidence on rising markups and corpo-
rate profits in the US. Barkai (2020) notices declining labor and capital shares and traces them back to
rising profits. Farhi and Gourio (2018) explain the decline in interest rates partially by market power.
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Aiyagari models, thus abstracting from aggregate risk and generational structure, the

following ones are most relevant for the question addressed in this paper. Kocher-

lakota (2023b) shows that public debt bubbles can arise and be welfare improving

when agents are subject to idiosyncratic tail risks that drive the risk-free rate below

the growth rate. Aguiar et al. (2024) show in a model with arbitrary heterogeneity in

preferences and income risk that robust Pareto improvements can be achieved by fiscal

policies that use free deficits to subsidize capital, thereby offsetting the crowding-out

effect of higher debt and keeping capital constant. Aiyagari and McGrattan (1998), in

contrast to all the papers mentioned above, yet in common with our paper, study the

impact of deficits on distortionary taxation — although with the opposite sign, as they

consider risk-free rates exceeding the growth rate. Finally, models with aggregate risk

and endogenous labor supply, yet with neither idiosyncratic risk nor OLG structure,

include Bhandari et al. (2017a) and Angeletos et al. (2023). Both papers analyze the

optimal long-run level of public debt as well as the optimal response to shocks.

3 An OLG Model for Debt Policy Analysis

This section presents and calibrates a stochastic two-period OLG model with multiple

sources of risk, convenience benefits of government debt, and endogenous labor sup-

ply. We consider these to be the minimal ingredients for analyzing WMD, which we

do in Section 4. Sections 5 and 6 extend this model further by including market power

and income and wealth inequality, respectively.

3.1 Model

We first present households’ decision problem, which is to choose labor and savings

in capital and government bonds. Next, we characterize the convenience benefit of the

latter. Then we turn to production and aggregate risk, which relates to productivity

and depreciation. Finally, we describe the government, which consumes, taxes labor

and capital, runs a pay-as-you-go social security system, and issues debt.
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Household Problem. Households live for two periods, working age and retirement.

Young households elastically supply labor, ℓt, with Frisch elasticity v and disutility of

labor parameter ζ. The wage, wt, is taxed at rate τl,t + τp, representing labor tax and

pay-as-you-go pension contribution. From their net earnings, the young consume, cy,t,

and save for retirement. Savings are invested in risky physical capital, kt+1, and risk-

free government bonds, bt+1, which provide convenience benefits, V(bt+1, yt), where

yt is output. The old receive a pension from the pay-as-you-go system, τpℓtwt, and re-

turns from their investment in physical capital, Rtkt, and in government bonds, R f
t bt,

which are both taxed at rate τk,t. As there is no bequest motive, the old consume every-

thing they own, co,t. While bonds are risk free, returns on physical capital are subject to

aggregate and idiosyncratic risk. Aggregate risk arises from productivity and depreci-

ation risk, which we specify when we describe the production sector below. Idiosyn-

cratic return risk, which we calibrate based on cross-sectional data, is captured by the

random variable ξi, which is household specific, equals one in expectation, and is i.i.d.

across households.9 Preferences over consumption are Epstein–Zin with an intertem-

poral elasticity of substitution (IES) of one, risk aversion γ, and discounting β/(1− β).

Thus, households solve the following maximization problem:10

max
kt+1,bt+1,ℓt

ut = (1 − β) ln

cy,t − ζ
ℓ

1+ 1
v

t

1 + 1
v
+ V(bt+1, yt)

+
β

1 − γ
ln
(

Et

{
c1−γ

o,t+1

})
s.t. cy,t = (1 − τl,t − τp)wtℓt − kt+1 − bt+1

co,t+1 = (1 − τk,t+1) ·
(

ξiRt+1kt+1 + R f
t+1bt+1

)
+ τpℓt+1wt+1.

Convenience Yield. In addition to the risk channels driving a wedge between the

risky and the risk-free rate, we include a convenience yield in the model — a spread be-

tween risk-free private bonds and risk-free government bonds. We model this spread

as arising from utility benefits specific to holding government bonds, V(bt+1, yt), which

9We assume a continuum of agents within each generation, i ∈ [0, 1], yet always suppress the
individual-specific index, with the exception of the idiosyncratic shock, ξi, where we suppress the time
index. Aggregation across agents is defined as L2-Riemann integration; see Uhlig (1996).

10First-order conditions (FOCs) can be found in Appendix A.1.
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we regard as a stand-in for liquidity benefits or regulatory advantages compared to pri-

vate bonds. We assume the private bond to be in zero net supply and therefore omit it

in the households’ optimization problem above; its (shadow) rate of return, R f ,N, is de-

termined by households’ FOCs as stated in Appendix A.1. To pin down the functional

form of the convenience benefit, V, we use the first order conditions of the household

with respect to both types of bonds to relate V′ to the convenience yield, which we

assume to be linear in debt to GDP following Krishnamurthy and Vissing-Jorgensen

(2012).11 In addition to linearity, we require V(0) = 0 and that the convenience yield

at a given (initial) debt-to-GDP ratio, ρb0 , equals ψ, which we calibrate externally. The

constant sensitivity of the convenience yield with respect to the debt-to-GDP ratio is

parameterized by κ. The explicit functional form of V and its derivation from the above

assumptions is relegated to Appendix A.2.

Production and Aggregate Risk. The representative firm rents labor from the young

and physical capital from the old. It produces output, yt, according to a general con-

stant elasticity of substitution (CES) production function, parameterized by capital in-

tensity α and elasticity of substitution 1/(1 − ι). We will calibrate ι to match the ob-

served sensitivity of the risk-free rate to government debt — getting this driver of the

crowding-out effect right is crucial for our quantitative analysis of public debt policies.

Production is stochastic and faces two sources of uncertainty. First, total factor pro-

ductivity, Zt = zt · A, where A is a constant and zt is log-normally distributed with

zero mean.12 Second, depreciation, δt, which is stochastic and distributed so that the

returns to capital follow a log-normal distribution and the (imperfect) correlation be-

tween returns to capital and labor is matched. To do so, we assume that depreciation is

driven both by zt and by another shock, ηt, their respective weights being captured by

the parameter χ. For now we assume production is perfectly competitive; thus, factor

11Mian et al. (2025) assume the same linear relationship and provide a thorough overview of empirical
estimates of the sensitivity of the convenience yield, which we will use in our calibration.

12We follow Blanchard (2019) in considering a detrended economy. To relate our results to real-world
data, in particular when it comes to growth rates and rates of return, we need to consider an extension
with labor-augmenting technological progress that exhibits a balanced growth path, see Appendix A.3.
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prices equal marginal products. All in all, the production side is characterized by the

following equations:

yt = Zt (αkι
t + (1 − α)ℓι

t)
1
ι

wt = Zt(1 − α)ℓι−1
t (αkι

t + (1 − α)ℓι
t)

1−ι
ι

Rt = Ztαkι−1
t (αkι

t + (1 − α)ℓι
t)

1
ι −1 + (1 − δt)

δt = 1 + αZt(1 − εt)kι−1
t (αkι

t + (1 − α)ℓι
t)

1−ι
ι

ln εt = µd + (1 − χ) ln zt + χ ln ηt, ln zt ∼ N(0, σz), ln ηt ∼ N(0, σd).

Government Policies. The fiscal authority operates according to four simple rules.

According to the first rule, it simply collects pension contributions as a fixed share, τp,

of labor income and transfers them in a pay-as-you-go fashion to the old, not impact-

ing the government budget constraint. The remaining three rules, in contrast, impact

the government budget and thereby determine the (primary) deficit, dt, which is the

difference between government consumption, gt, and tax revenue, τt, and needs to be

financed by new debt net of debt repayment:

dt ≡ gt − τt = bt+1 − R f
t bt.

According to the second rule, government consumption, gt, equals a fixed share, ρg,

of GDP.13 The third rule stipulates that the government keeps the debt-to-GDP ratio

constant by issuing bonds worth a fixed share of GDP, ρb — a crucial parameter for our

analysis, as we are looking for the ρb that maximizes either deficits or welfare. Finally,

the government levies taxes on labor, τl,t, and capital, τk,t. The tax rates are pinned

13Government consumption does not enter the households’ utility function. Note, however, that if
it did, lower GDP (e.g., from higher government debt) would be welfare-deteriorating through this
additional channel.
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down by assuming that labor and capital pay fractions ∆ and 1 − ∆, respectively, of

government net expenditures:

τt = gt + R f
t bt − bt+1 = τl,twtℓt + τk,t

(
Rtkt + R f

t bt

)
τl,t =

gt + R f
t bt − bt+1

wtℓt
∆, τk,t =

gt + R f
t bt − bt+1

Rtkt + R f
t bt

(1 − ∆).

3.2 Calibration

We calibrate our model to the US economy and consider the length of a model period

to be T = 25 years. Our calibration strategy starts from a plausible specification of

the government sector, production process, and the households’ exposure to different

sources of risk. We then calibrate three key parameters — discounting, risk aversion,

and the elasticity of substitution between capital and labor — to ensure that the model

matches three aspects of the real world that are of crucial importance for debt policy

analysis. These are the risk-free rate, the much higher risky rate, and the sensitivity

of the risk-free rate with respect to debt to GDP. All parameters calibrated externally

are available in Table 1, while parameters calibrated internally are given in Table 2

alongside their targets.

Government Policies. We parameterize government consumption, ρg = 14%, as in

Mian et al. (2025). Government debt to GDP, ρb0 , is set to a stylized 100 percent. The

pension contribution rate, τp, is set to 12% and the share of tax revenue attributable to

labor ∆ is set to 66%.14

Labor Share and Labor Supply. The Frisch elasticity of labor supply, v, is set to 0.75

following Chetty et al. (2011). The average labor supply is normalized to one using the

disutility of labor parameter, ζ. Lastly, we calibrate α to match a labor share of 63%.

14IRS Statistics of Income (SOI) Table 1.3, 2020. Available here.
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Table 1: Externally calibrated parameters.

Parameter Interpretation Source

Government
ρb0 100% debt-to-GDP ratio stylized average
ρg 14% government consumption Mian et al. (2025), World Bank
τp 12% pension contribution US payroll tax
∆ 66% labor share in tax revenue IRS Statistics of Income 2020

Convenience Yield
ψ 1% convenience yield spread FRED, Appendix B
κ 0.9% conv. yield sensitivity d’Avernas and Vandeweyer (2024)

Labor Supply
v 0.75 Frisch elasticity Chetty et al. (2011)

Idiosyncratic and Aggregate Risk. Our calibration of idiosyncratic return risk is em-

pirically motivated by Snudden (2025) and Fagereng et al. (2020), who find hetero-

geneous returns on wealth for households in the US and Norway. Snudden (2025)

provides quantitative evidence of heterogeneous returns in the US on an annual basis,

which we scale up to the 25-year time horizon, resulting in a 40% standard devia-

tion of households’ portfolio returns, Rp
t ≡ (1 − τk,t)(ξiRtkt + R f

t bt)/(kt + bt).15 We

calibrate σI such that the portfolio return heterogeneity — including the government

bond, which is not affected by ξi — matches this 40%. Aggregate shocks are calibrated

to resemble US long-term data on volatility and correlation of labor and capital in-

come. In line with Krueger and Kubler (2006), we calibrate the coefficient of variation

of wages and risky returns and their correlation at the model’s frequency. To get suffi-

cient data points for 25-year aggregates, we use US data provided in the macrohistory

database by Jordà et al. (2019) going back to the nineteenth century. We find a coeffi-

cient of variation of 13% for wages, 25% for risky returns, and a -7.5% correlation of the

two and calibrate σz, σd, and χ accordingly. The mean of the depreciation shock, µd, is

15More precisely, Snudden (2025) models temporary return shocks as an MA(1) process and reports an
innovation standard deviation of σru ∈ [9.36, 9.48] and an MA(1) coefficient of αr ∈ [−0.17,−0.18], de-
pending on the specification. Aggregating the MA(1) process over 25 years implies a standard deviation
of σ25 = σru

√
25(1 + αr)2 − 2αr, which we round to 40%.

14

https://data.worldbank.org/indicator/NE.CON.GOVT.ZS?locations=US


Table 2: Internally Calibrated Parameters.

Parameter Target Source

Risk
σI 0.33 Std(Rp

t ) 40% Snudden (2025)
σz 0.14 CV(wt) 13% Jordà et al. (2019)
σd 0.11 CV(Rt) 25% Jordà et al. (2019)
χ 2.18 Corr(wt, Rt) −7.5% Jordà et al. (2019)

Production
α 0.37 E0{wtℓt/yt} 63% stylized fact
µd -0.17 E0{kt/yt} 300% Ball and Mankiw (2023)
ζ 3.97 E0{ℓt} 1 normalization
A 8.42 E0{kt} 1 normalization

Rates of Return
β 0.64 E0{Rt}+ 2% 6% Ball and Mankiw (2023)

γ 15.6 E0{R f
t }+ 2% 0% stylized fact

ι 0.52 E0{φ} 1.7% Mian et al. (2025)

chosen such that the ratio of capital to (annual) output equals 300%, the same target as

in Ball and Mankiw (2023).

Convenience Yield and Risk-Free-Rate Sensitivity. The (annualized) convenience

yield at a debt-to-GDP ratio of 100%, denoted by ψ, is set to 1pp, which fits the empiri-

cal spread over the past 20 years.16 The sensitivity of the convenience yield, κ, is chosen

to be 0.9% following d’Avernas and Vandeweyer (2024).17 Concerning the sensitivity

of the risk-free rate, φ, we follow Mian et al. (2025) and set it equal to 1.7%, which is

the average estimate from a comprehensive literature review they provide.18 To match

the sensitivity of the risk-free rate we use the parameter ι of the CES production func-

tion as it drives the crowding-out effect, which determines the overall sensitivity of the

risk-free rate together with the sensitivity of the convenience yield. The parameter ι

takes the value 0.52, implying an elasticity of substitution between labor and capital

16We reconsidered the data sources of Krishnamurthy and Vissing-Jorgensen (2012); see Appendix B.
17d’Avernas and Vandeweyer (2024) trace back a 18bp drop in the convenience yield to the 2016 money

market reform, affecting roughly 20% of the stock outstanding.
18We target φ = E0{∂ log(R f ,a

t )/∂ log(ρb)}, where R f ,a
t is the annualized real interest rate, and com-

pute it by considering numerical increases of 1pp in debt to GDP.
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higher than in the Cobb–Douglas case. This can be thought of as capturing the effect

of openness, which is absent from our model yet modeled in Brumm et al. (2024).

Rates of Return and Preferences. In the model we abstract from growth. Interest

rates in the model therefore correspond to interest–growth differentials. Assuming an

average growth rate in the US of 2%, our targets for R f = −2% and E{R} = 4% cor-

respond to a real risk-free government borrowing rate of 0% and a risky return of 6%

in the US. While the target for the risk-free rate roughly corresponds to the evidence

for recent decades, the risky interest rate is more difficult to measure.19 We choose the

relevant target to be capital income per unit of capital, Rm, which is in our baseline

equivalent to R. Differences arise when we introduce market power, which drives a

wedge between R, Rm, and the social return to capital. From US national accounts Ball

and Mankiw (2023) infer Rm = 6%, which corresponds to E{R} = 4% in the baseline

model. To meet our targets we calibrate discounting, β/(1 − β), and relative risk aver-

sion, γ. Despite the rich sources of risk included in the model, a high risk aversion

parameter of 15.6 is needed to match the large difference between risky and risk-free

returns.20 We regard the high γ as a stand-in for risks not modeled in the paper — in-

cluding disaster risk, which can reduce the required risk aversion substantially without

changing the welfare results very much, as Brumm et al. (2024) show.

3.3 Solution Approach

This section briefly describes our approach to solving and simulating the model.

Time Iteration on Sparse Grids. Unlike the simpler models in Blanchard (2019) or

Brumm et al. (2024) our model cannot be solved along the simulation since next pe-

riod’s capital returns now depend on endogenous labor supply in that period. We thus

solve for the equilibrium policy functions of our model by iterating on the first order

19See Blanchard (2019) for evidence on the risk-free rate and on risky returns.
20Despite targeting (unrealistically) lower risk premia, Blanchard (2019) and Brumm et al. (2024) re-

quire risk-aversion parameters of higher magnitude, as they consider aggregate productivity risk only.
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conditions — time iteration. The state is four-dimensional, consisting of a productivity

shock, zt, depreciation shock, εt, capital stock, kt, and government debt burden relative

to capital, R f
t bt/kt. Already in four dimensions, conventional tensor-product grids im-

ply considerable computational costs, which is why we employ adaptive sparse grids

with hierarchical basis functions as in Brumm and Scheidegger (2017) and Brumm et

al. (2022b). Expectations over shocks zt+1, εt+1, ξi,t+1 are approximated using Gauss–

Hermite quadrature with over one hundred quadrature points. Average Euler errors

along the simulation are below 0.001 percent.

Simulation and Debt Diagrams. Given policies that solve the households’ problem

at a debt policy ρb, we approximate the ergodic distribution of the model by simulat-

ing for a sufficient amount of periods. For a given debt policy ρb we can then calculate

unconditional expectations over endogenous outcomes on the ergodic set. When the

model is solved and simulated for different debt policies and the statistics are com-

puted, we can plot them as functions of the debt policy. These plots are the main

vehicle of our analysis below.

4 Deficit-Maximizing and Welfare-Maximizing Debt

We now analyze debt policy using the model presented and calibrated above. First, we

consider the size of deficits for different debt-to-GDP ratios. To do so we plot deficit–

debt diagrams and identify DMD — the level of debt to GDP that allows for maximal

(average) deficits. We then move beyond this narrow fiscal perspective and consider

welfare–debt diagrams, using ex ante expected utility to measure welfare. We find

that the presence of distortionary taxation creates a link between DMD and WMD, as

higher deficits allow for lower taxes and less distortion. Nevertheless, WMD turns out

to be substantially lower than DMD.
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Figure 1: Deficits, Welfare, and Welfare Decomposition.

Notes: The left plot displays the deficit to GDP for different debt rules ρb (left axis). It also shows the
percentage change in welfare compared to ρb = 100% (right axis). The right plot provides a decomposi-
tion of welfare changes into the convenience-benefit effect (CBE), the risk-sharing effect (RSE), and the
risk-neutral effect (RNE).

4.1 Free-Lunch Policy: Deficit-Maximizing Debt

When the interest–growth differential is negative, as in our baseline where it equals

-2%, the government can improve its budget by simply issuing debt and keeping a

constant debt-to-GDP ratio. But can it increase debt without limit? And if not, what

choice of debt to GDP maximizes free-lunch deficits?

Deficit-Maximizing Debt. The deficit-maximizing debt-to-GDP ratio is driven not

only by the interest–growth differential (R f in our model) but also by the sensitivity

of the risk-free rate with respect to (the logarithm of) public debt to GDP, φ. In the

deterministic case, instead of R f < 0, the necessary condition for free-lunch deficits is

R f + φ < 0, as pointed out by Mian et al. (2025). In our baseline at ρb = 100%, where

R f = −2% and φ = 1.7%, this condition is satisfied, however, only by a small mar-

gin. From the free-lunch condition in the deterministic case, we therefore expect some

limited potential for increasing deficits. Indeed, we find that the maximum average

deficit in our stochastic model is obtained at a debt-to-GDP ratio just slightly above

100%, namely at 105%. Below that debt level the government is able to run free-lunch

deficits. The left panel of Figure 1 includes the deficit–debt diagram of our baseline
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model.21 The (dashed) curve is hump shaped, starting at zero deficit without debt,

monotonically rising up to 2.03% at the DMD, and then falling again as higher debt

decreases deficits—the no-free-lunch region.

Limits of Debt. So why are there limits to free-lunch deficits? Because the govern-

ment borrowing rate rises when debt to GDP increases. That happens in our model

for two reasons; both are apparent in Figure 2. First, as displayed in panel (c), rising

debt causes a decline in the convenience yield — that is to say, the gap between the

government borrowing rate and the private risk-free rate narrows. Second, capital is

crowded out (see panel b) lifting the risky rate of return and the safe rates along with

it (see panel c). The sensitivity of the risk-free rate with respect to government debt, φ,

is calibrated such that these two forces together are as strong as they appear in the real

world.

4.2 Beyond Fiscal Arithmetic: Welfare-Maximizing Debt

We now understand when free-lunch deficits are possible and what level of debt to

GDP allows for the largest average deficit. However, that does not tell us which debt

policy is desirable. To answer that question we have to assess the welfare implications

of debt policies.

Measuring Welfare. As in Blanchard (2019) we calculate the ex ante utility of agents

born in the long run. We follow Brumm et al. (2024) in assessing risk with respect to the

21In order to put deficits in the right proportion to debt some adjustment to the time horizon is re-
quired, as explained in Appendix A.5.
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Figure 2: Key Statistics as Functions of Long-Run Debt to GDP.

(a) RNE Decomposition (b) Aggregates

(c) Returns (d) Wages

Notes: Panel (a) displays the decomposition of the risk-neutral effect (RNE), showing that crowding out
(the ACE effect) plays the largest role. Panel (b) exhibits changes in (average) labor supply, capital, and
output. Panel (c) displays the (average annualized) risk-free rate on government bonds, R f , on private
bonds, RN , and the risky return, R. Panel (d) displays (percentage) changes, relative to 100% debt to
GDP, of (average) before-tax wages and after-tax wages.

birth state with the same risk aversion as risk of old-age consumption.22 The resulting

welfare measure, ex ante utility of agents in the long run, U0, is defined as follows:23

U0 = E0

{
exp(ut)

1−γ
} 1

1−γ .

22Blanchard (2019) and Brumm et al. (2024) both use ex ante utility as their welfare measure, yet
Blanchard (2019) assumes a risk aversion equal to one with respect to birth risk, while Brumm et al.
(2024) assess that risk with the same risk aversion as the risk of old-age consumption.

23Note that ut as defined in Section 3.1 needs to be (monotonically) transformed into exp(ut) to make
it homogeneous of degree one.
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Here, E0 denotes expectations over the ergodic distribution over exogenous and en-

dogenous states. A debt-to-GDP ratio that maximizes that measure, the WMD, can be

thought of as the answer to the following question: Suppose you are waiting behind

Rawls’s veil of ignorance to enter the economy without knowing under which circum-

stances you will be born — what debt-to-GDP policy would you want the government

to run? To better understand the answer our welfare measure delivers to that question,

we decompose changes in ex ante utility, building upon Brumm et al. (2024). We dis-

tinguish between the effect that originates from the convenience benefit, the effect of

risk-sharing, and the effect that would be present even in the absence of risk aversion

or convenience benefits, which we call the risk-neutral effect. Going beyond Brumm et

al. (2024) we decompose the risk-neutral effect further. Details about the construction

of the decomposition are relegated to Appendix A.4. Results of the decomposition are

presented and discussed below to shed light on the mechanisms driving WMD.

Welfare-Maximizing Debt. The left plot of Figure 1 shows the welfare–debt diagram

(right scale) next to the deficit–debt diagram (left scale). Both are hump shaped, yet

welfare peaks at a much lower debt-to-GDP ratio than deficits, 74% versus 105%. That

means that even though free-lunch deficits are possible they may harm households in

the long run. The welfare decomposition, displayed in the right plot of Figure 1, re-

veals the trade-off WMD results from. Increasing debt to GDP reduces welfare through

the risk-neutral effect (RNE) and increases it through two counteracting forces, the

convenience-benefit effect (CBE) and the risk-sharing effect (RSE). The overall effect is

concave, mainly due to the curvature in the RNE, and exhibits a distinct maximum,

the WMD. The average deficit at the WMD is only 1.83% of GDP compared to 2.03%

at DMD, and the standard deviation of the deficit is 0.56% compared to 0.84%.24 One

might suspect that the lower standard deviation of deficits is a reason to prefer lower

debt levels. However, Figure 1 reveals that risk-sharing is improved by higher, rather

than lower, debt levels, as government debt helps agents to partly insure against id-

24The probability of negative primary deficits — thus having to run a primary surplus to keep debt to
GDP constant — is 1.36% at DMD and only 0.18% at WMD.
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iosyncratic and aggregate risk. It is the risk-neutral effect that drives WMD below

DMD. To understand what lies behind the RNE, we decompose this effect further into

the life-cycle-allocation effect (LAE), the disutility-of-labor effect (DLE), the aggregate-

labor effect (ALE), and the aggregate-capital effect (ACE). Figure 2 shows that the LAE

effect contributes moderately to the negative RNE of public debt: while public debt

is good for insuring life-cycle risk, as the positive RSE suggests, it shifts too many re-

sources from the young to the old from a risk-neutral perspective. Similarly, the ALE

— lower aggregate labor as public debt increases — contributes to the RNE, yet only

moderately. It would do so more in the absence of distortionary taxation, as we dis-

cuss below. The DLE, in turn, naturally works in the direction of reducing the RNE.

While more labor is good for welfare by increasing output, it is bad for welfare by in-

creasing the disutility from working. Much stronger than all other effects is the ACE,

which measures the welfare impact of the reduction in capital due to higher public

debt: With a higher supply of public debt the demand for capital goes down sub-

stantially, reducing aggregate output and thereby aggregate consumption and welfare.

This crowding-out effect turns out to be the main force holding down WMD.

The Role of Distortionary Taxation. WMD and DMD are far apart in our baseline

calibration. The results in the rest of the paper show that this is rather the rule than

the exception. The main reason for this is simply that even free-lunch deficits crowd

out capital, which hurts welfare if the marginal product of capital is realistically large.

While there are risk-sharing benefits as well as convenience benefits that work in the

other direction, it would certainly be pure chance if DMD and WMD were close. So

is there any tight connection between the two maxima, if not quantitatively then at

least in terms of an economic mechanism? In other words, is there an obvious welfare

benefit of being able to run sustained deficits? In the model, and arguably in the real

world, the answer is that free deficits can reduce distortionary taxation. Indeed, as long

as we are to the left of DMD, increasing debt reduces the amount of taxes (as a share of

GDP) that needs to be raised. This reduces the distortionary effect of taxation, which
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can be seen from the fact that the after-tax wage is flatter than the before-tax wage if

debt to GDP is below DMD (see Figure 2). This positive effect of government debt,

which weakens the RNE in the region to the left of DMD, is not present in Blanchard

(2019) or Brumm et al. (2024) as these studies do not consider endogenous labor supply.

4.3 Determinants of Optimal Debt to GDP

Clearly, the quantitative results about DMD and WMD presented above depend on

modeling choices and calibration targets. To shed light on what determines the (rel-

ative) position of the two maxima, we isolate the impact of specific drivers. We first

consider several parameter changes that all result in a fifty basis point drop in the risk-

free rate relative to our baseline and compare the impact on DMD and WMD. As a sec-

ond exercise, we analyze how optimal debt policy depends on tax and pension policy.

Third, we scrutinize the sensitivity of our results to crucial calibration targets. Finally,

we consider a model with idiosyncratic risk only. The DMD and WMD resulting from

all these changes are displayed in Figure 3.

Low Risk-Free Rate and Its Drivers. It is a widely held view, prominently and elo-

quently stated by Blanchard (2019, 2023), that low interest rates imply lower fiscal and

welfare costs of public debt, thus speaking for increasing debt-to-GDP levels. Through

the lens of our model, we now provide an analysis of this proposition, which con-

firms it with some qualification. We not only distinguish between DMD and WMD,

but also between different causes of low rates. To do so, we consider various scenarios

that all result in a fifty basis point drop in the risk-free rate relative to our baseline.25

These scenarios differ in the cause of lower rates, including many causes that have been

discussed and identified as partial drivers of the low rates experienced in developed

countries over recent decades.

By increasing the risk premium, various sources of risk can reduce the risk-free rate.

We consider an increase in idiosyncratic return risk (from σI = 0.33 to σI = 0.38) and

25The remaining parameters are kept constant; the other calibration targets are, hence, not satisfied
after recalibration.
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aggregate depreciation risk (from σd = 0.11 to σd = 0.13) and find that both increase

DMD and WMD. However, aggregate risk increases WMD by more and DMD by less,

resulting in much smaller gap between the two. As our next scenario, we consider dis-

counting as a proxy for longevity. For the drop in the risk-free rate of fifty basis points

to materialize, annual discounting needs to increase (from β = 0.64 to β = 0.75). We

find that increased longevity raises both WMD and DMD by more than in the risk

scenarios, implying that low rates due to stronger incentives to save for retirement

indeed speak in favor of higher public debt. An increase in the convenience benefit

(from ψ = 1% to ψ = 1.5%) that induces the same drop in the risk-free rate of fifty

basis points results in the largest increase in DMD and the second largest increase in

WMD among all scenarios. On the face of it, this result is, unfortunately, not very in-

formative as the convenience benefit is a black box in our model. However, if we take

our calibration seriously, this result tells us that convenience benefits of public debt

are an important determinant of both the fiscal and the welfare implications of public

debt.26 Finally, suppose the government reduces spending. This allows for additional

private consumption and private savings, resulting in a reduction of the interest rate.

To observe a 50bp drop in the risk-free rate government spending must be reduced by

roughly 9 percentage points. In this scenario, WMD falls and DMD rises, as shown

in Figure 3. The two maxima move in opposite directions because lower government

spending directly reduces the need for deficit financing and indirectly reduces its cost.

Thus, the size of government spending strongly determines the gap between what is

optimal from a welfare perspective and what is optimal from a purely fiscal perspec-

tive. If the government’s (need for) spending is increased, it is desirable to run higher

debt although there is less fiscal space. For instance, a higher need for government

spending on defense or climate change mitigation, despite putting upward pressure

on interest rates, calls for higher public debt levels than would otherwise be optimal.

26When it comes to the welfare implications, one can certainly question our assumption that the con-
venience yield stems entirely from welfare-improving convenience benefits rather than, e.g., inefficient
regulatory requirements. This assumption, however, gives government debt the benefit of the doubt
and thereby makes our result that WMD is quite low (both relative to DMD and to actual debt-to-GDP
ratios) even more striking.
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Figure 3: Determinants of WMD and DMD.

Notes: Results of three different types of exercises. First, several scenarios that all result in a fifty basis
point drop in the risk-free rate relative to our baseline: increased idiosyncratic (return) risk, increased
aggregate (depreciation) risk, increased longevity, increased convenience benefits, and reduced govern-
ment spending. Second, changes of tax or pension policy (dashed bars). Third, changes in calibration
targets (crossed bars).

The Role of Tax and Pension Policy. Concerning taxation, our baseline model as-

sumes that ∆ = 66% of the tax burden falls on labor and the rest on capital. What

impact would a tax policy change, say an increase in ∆ to 80%, have on DMD and

WMD? With the interest rate sensitivity rising from 1.7% to 1.8% as a consequence of

the policy change, there is downward pressure on both DMD and WMD. While DMD

indeed falls moderately by three percentage points, WMD even increases slightly due

to a mechanism working in the opposite direction. Shifting a larger share of tax financ-

ing onto labor makes deficits affect labor supply more strongly. Since WMD lies below

DMD, increasing the coupling between deficits and labor supply raises labor supply

more strongly as we move toward DMD, pushing WMD up. All in all, it is fair to say

that the impact of ∆ is relatively weak. When considering a change in pension policy,

in contrast, we observe a strong impact on DMD and WMD. As we increase the con-

tribution rate from 12% to 14% DMD goes down by more than five percentage points

and WMD by almost fifteen. With a larger pay-as-you-go pension there is less need for

savings and the equilibrium interest rate rises, pushing down DMD and WMD even

more so.

25



Sensitivity to Calibration Targets. As some of our calibration targets are hard to pin

down empirically, it is important to understand their role in determining our results.

We therefore change the values of calibration targets one at a time, re-calibrate the

model, and compute DMD and WMD. When we reduce our calibration target for the

risky return from 4% to 3.5% we find that WMD goes up substantially, by more than

twenty percentage points, while DMD hardly changes. This result is qualitatively very

much in line with Blanchard (2019) and Brumm et al. (2024) and suggests that with an

even lower risk premium WMD could actually exceed DMD. Turning to the correlation

between capital income and wage income, we reduce the potential for risk sharing be-

tween generations by setting the correlation to zero instead of -7.5%. Now the pension

system provides worse insurance against old-age consumption risk. That makes gov-

ernment bonds more attractive from a risk-sharing perspective, which is why WMD

increases to 90%. Finally we assume a risk-free rate sensitivity φ of 1.6% instead of

1.7%, with a proportional reduction in the convenience yield sensitivity κ. The lower

elasticity reduces crowding out in production compared to the baseline. Accordingly,

we find that WMD increases substantially to 86%, while DMD increases moderately to

106%.

Model without Aggregate Risk. As a final sensitivity analysis, we calibrate the model

without any aggregate risk, relying entirely on idiosyncratic risk and the risk-aversion

parameter to match the volatility of households return characteristics and the risk-

premium target. It turns out that WMD is now substantially lower, by about thirty

percentage points, than in the baseline. The main reason for this finding is simply that

pension income is certain in the model without aggregate risk, thereby reducing the

need for government debt to stabilize old-age consumption.27 Thus, our final sensi-

tivity result shows that the two modeling choices of including aggregate risk and of

assuming the pension system to be (entirely) defined contribution both work in the

27To confirm this conjecture, we construct a model without aggregate risk where the pension is no
longer certain, but as risky as in our baseline model. In that version of the idiosyncratic risk model,
WMD is not lower, but even higher than in our baseline model.

26



direction of higher WMD, thus making our result of relatively low WMD even more

striking.

5 Market Power and Public Debt

So far we have maintained the standard simplifying assumption that firms are per-

fectly competitive and factor prices equal marginal products. Yet Ball and Mankiw

(2023) show that market power can substantially alter the welfare implications of pub-

lic debt policy. They model the impact of market power in deterministic neoclassical

growth models — the Solow growth model and the Samuelson OLG model. We embed

the production sector of Ball and Mankiw (2023) in our, otherwise richer, OLG model

in order to test and quantify their finding about the role of market power in the welfare

assessment of debt policies.

5.1 Including Market Power

We first describe how firms make profits, then how these profits are distributed and

taxed, and finally how we calibrate the model with market power.

Model with Market Power. Our specification of the firm sector closely follows Ball

and Mankiw (2023).28 Firms produce output using capital, labor, and intermediate

goods supplied by other firms. Individual firms exert market power, which allows

them to impose a markup over marginal costs. Since markups at the individual level

are reflected in intermediate good prices, the economy-wide markup, µ, is higher than

the individual markup. While markups imply profits, there are also overhead fixed

costs, θ, that reduce profits. Together, markups and fixed costs determine the economy-

wide pure profits, π. In the aggregate, there are only two key changes relative to our

baseline model. First, real factor prices are reduced by the aggregate markup. Second,

28Their model is in turn based on Rotemberg and Woodford (1995). To save on notation, we summa-
rize the micro-foundation just verbally.
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aggregate income consists not only of labor and capital income, but also of profits.

Output, factor prices, and profits are as follows:

yt = Zt (αkι
t + (1 − α)(ℓt − θ)ι)

1
ι

wt = µ−1 · Zt(1 − α)(ℓt − θ)ι−1(αkι
t + (1 − α)(ℓt − θ)ι)

1−ι
ι

Rt = µ−1 · Ztαkι−1
t (αkι

t + (1 − α)(ℓt − θ)ι)
1−ι

ι + (1 − δt)

πt = yt + (1 − δt)kt − wtℓt − Rtkt.

In contrast to the model without market power, there are now different rates of return

to capital. First, the rental rate of capital, R, as defined above. Second, the net return per

unit of capital, Rm, which includes profits, as is usual in national accounts. Following

Ball and Mankiw (2023) we pick this rate of return as the model counterpart to the risky

rate of return from national accounts. Finally, the marginal return to capital, which we,

also following that paper, refer to as the social return to capital, Rs. The net return per

unit of capital and the social return to capital are given by

Rm
t =

Rtkt + πt

kt

Rs
t = Ztαkι−1

t (αkι
t + (1 − α)(ℓt − θ)ι)

1−ι
ι + (1 − δt).

Now that firms make non-zero profits, one has to take a stance on who they accrue

to. We follow Ball and Mankiw (2023) and assume that profits flow to the young; one

can interpret this as young entrepreneurs (or managers) starting (or running) busi-

nesses and retaining the profits, the old receiving nothing. Under these assumptions

the household problem reads as follows:

max
kt+1,bt+1,ℓt

ut = (1 − β) ln

cy,t − ζ
ℓ

1+ 1
v

t

1 + 1
v
+ V(bt+1, yt)

+
β

1 − γ
ln
(

Et

{
c1−γ

o,t+1

})
s.t. cy,t = (1 − τl,t − τp)wtℓt + πt − kt+1 − bt+1

co,t+1 = (1 − τk,t+1) ·
(

ξiRt+1kt+1 + R f
t+1bt+1

)
+ τpℓt+1wt+1.
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Table 3: Maxima and Rates of Return — Model with Market Power.

Model WMD DMD R Rm Rs

Baseline 73.5% 105.3% 4.0% 4.0% 4.0%
Market Power 45.5% 105.2% 3.7% 4.0% 4.2%

Notes: This table reports DMD and WMD for our baseline and the model with market power. For both
models we report the rental rate of capital R, the net return to capital Rm, and the social return to capital
Rs. Note that the real-world rates corresponding to these values exceed the latter by the average growth
rate, i.e. by about 2%.

Calibration with Market Power. To calibrate our model with market power, we keep

all externally calibrated parameters and calibration targets as in the baseline, and as-

sign values to the two new parameters: the aggregate markup, µ, and overhead fixed

costs, θ. We make very conservative choices with respect to these two parameters to

get a conservative estimate of how market power changes our baseline results. For the

aggregate markup we assume µ = 1.1, a 10% aggregate markup over marginal costs.

To pin down overhead fixed costs we calibrate the profit share π/y to 2%. This implies

overhead fixed costs equal to 11% of labor costs. Compared to the values reported in

De Loecker et al. (2020), these numbers are all at or below the lower end of plausible

values for the decades since 1980. Table 7, in Appendix B, summarizes the internally

calibrated parameters, while externally calibrated parameters besides µ are equivalent

to the baseline calibration and are therefore not listed explicitly.

5.2 Optimal Debt to GDP with Market Power

For an understanding of the impact of market power on welfare, rates of return to

capital are key. A closer look can explain why the costs of crowding out may be higher

than market rates of return suggest.

Rates of Return. In the model with market power we have to distinguish between

the three measures of the risky rate of return that all amount to the same in the model

without market power. While the net return per unit of capital, Rm, is calibrated to 4%,

the effective return to capital, R, amounts to only 3.7% in our conservative calibration
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Figure 4: Deficit, Welfare, and Decomposition — Model with Market Power.

Notes: The left plot displays the deficit-to-GDP ratio for different debt-to-GDP rules ρb (left axis). It also
shows the percentage change in welfare compared to ρb = 100% (right axis). The right plot provides
a decomposition of welfare changes into the convenience-benefit effect, the risk-neutral effect, and the
risk-sharing effect.

as the factor price is pushed down by firms’ market power. In contrast, the social return

to capital, Rs, lies above Rm, at 4.2% — meaning that focusing on Rm, the net return to

capital, in fact underestimates the marginal product of capital.

DMD and WMD. Although we keep the risk-free-rate sensitivity fixed via recalibra-

tion, the higher social return to capital implies a stronger crowding-out impact than in

the baseline model, making the RNE even larger than in the baseline, as can be seen by

comparing Figures 1 and 4. As a consequence, WMD decreases substantially, from 74%

to 46%. Deficit-maximizing debt, in contrast, is effectively unchanged compared to the

baseline. This is because DMD is, consistent with Mian et al. (2025), a function of only

the interest–growth differential and the sensitivity of the risk-free rate, irrespective of

their underlying drivers. All in all, we find that taking market power into account

can substantially tilt our welfare assessment toward lower debt levels, while it makes

virtually no difference for a purely fiscal assessment of debt policy—illustrating, once

again, that focusing on DMD alone can be misleading.
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6 Inequality and Public Debt

So far we have maintained the simplifying assumption that households within a gen-

eration do not differ in any respect. In the real world, households differ, of course, not

only with respect to income but even more so with respect to wealth; see, e.g., Kuhn

et al. (2020). For our analysis of debt policy, inequality matters mainly for two reasons.

First, inequality can reduce real interest rates as Mian et al. (2021a) and Mian et al.

(2021b) argue. Second, and even more importantly, households that differ in income

and wealth might also differ substantially in how they benefit or suffer from increases

in public debt, which is what we find.

6.1 Including Income and Wealth Inequality

We first describe what type of ex ante heterogeneity we include in the model and then

go on to specify how we calibrate it.

Heterogeneous households. We extend our model to feature two stylized facts: in-

come inequality, which we take as exogenously given, and wealth inequality in excess

of income inequality, which we explain by heterogeneous discounting.29 We consider

two types of households, {h, l}, h denoting the high-income, households and l the low-

income households. The high-income households represent a fraction λh of the popu-

lation but a share sh > λh of labor income. Household types also differ in their discount

rate β j/(1 − β j), with βh > βl. The optimization problem of household j ∈ {h, l} is

given by:30

29Using heterogeneous discount rates to match wealth inequality is an often used modeling device;
see, e.g., Krusell and Smith (1998). In the two-period OLG model heterogeneous discount rates that are
(negatively) correlated with income can be thought of as a shortcut for non-homothetic preferences —
explicitly modeled in, e.g., Straub (2019).

30For numerical stability, we require savings in capital and returns on households’ bond portfolios to
be non-negative. In the results reported below, neither constraint binds.
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The convenience benefit is now drawn from individual bond holdings, bt+1,j, in pro-

portion to overall savings of the household — an individual with large asset holdings

will need more government bonds to achieve the same convenience benefit. Therefore,

the term yt entering V is scaled by the fraction of the household’s assets over aver-

age assets, which we denote by Ωj.31 The private bond bp
t+1, although still in zero net

supply, is now actually traded in equilibrium. Production and government sector are

unchanged.

Calibration with Inequality. We set the share of high-income households, λh, to

10% and their income share, sh, to a stylized 20%. As a calibration target for βh we

set their wealth share to 25%. In the US economy, according to Kuhn et al. (2020),

both inequality moments are significantly higher, but our stylized model still gives de-

cent intuition on the differential welfare effects of government debt on heterogeneous

groups. We use the terms rich and middle class when referring to high-income high-

saving households and to low-income moderate-saving households, respectively.32

The convenience-yield sensitivity, parameterized by κ, which is no longer given an-

alytically, is calibrated to 0.9% consistent with the baseline model. Finally, we calibrate

the disutility of labor parameters for both groups, ζ j, such that their labor supply does

31With Ωj = (kt+1,j + bt+1,j + bp
t+1,j)/(sh(kt+1,h + bt+1,h + bp

t+1,h) + (1 − sh)(kt+1,l + bt+1,l + bp
t+1,l))

this preference specification is consistent with the representative agent case.
32Note that our two-types model is not set up to capture the impact of debt policies on the poor, who

receive a large part of their income as transfers. That impact depends strongly on how transfers depend
on deficits. If, for instance, free deficits were largely spent on transfers to the poor, the WMD of the poor
would presumably be close to the DMD and certainly higher than the WMD of the middle class.
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Table 4: Maxima — Model with Inequality

WMD l WMD h DMD

Baseline 73.5% 105.3%
Inequality 53.1% 125.6% 105.3%

not differ despite differing wages and discount rates. Table 8 in Appendix B summa-

rizes the internally calibrated parameters.

6.2 Optimal Debt to GDP with Inequality

We find that the welfare impact of public debt varies strongly with income, a fact that

we trace back to different risk-sharing needs and varying reliance on wage versus cap-

ital income.

DMD and WMD. In the model with inequality, DMD amounts to 105%, which is

equal to baseline DMD due to the mechanism described by Mian et al. (2025) and

already discussed. However, WMD differs substantially across the wealth distribution,

as reported in Table 4 and displayed in Figure 5. Middle-class households favor a

debt-to-GDP ratio lower than DMD, thus preferring to forgo free-lunch deficits. Rich

households, in turn, want the government not just to reap all the available free-lunch

deficits, but rather to raise debt even beyond DMD, thereby also forgoing some free

lunch.

Welfare Assessment, Risk-Sharing, and Factor Income. To understand the stark dif-

ference in preferred debt-to-GDP ratios across income groups, it is helpful to compare

the welfare decompositions provided in Figure 5. There is not much difference with re-

spect to the convenience-benefit effect across agents, yet a huge difference with respect

to the other two effects — working in the same direction. For the rich, the (positive)

risk-sharing effect is much larger than for middle-class households. This is because the

risk-free government bond is more important for them to smooth their old-age con-

sumption, given that they hold a lot of risky capital and receive little social security in-
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Figure 5: Deficit, Welfare, and Decompositions — Model with Inequality.

(a) WMD and DMD Low Type (b) WMD and DMD High Type

(c) Decomposition Low Type (d) Decomposition High Type

Notes: The upper panels display deficit to GDP for different debt rules ρb. They also show the percent-
age change in welfare compared to ρb = 100% for low-income households l (panel a) and high-income
households h (panel b). Panel (c) and (d) provide a decomposition of welfare changes into convenience-
benefit effect, risk-neutral effect, and the risk-sharing effect for the two types of households.

come relative to their desired old-age consumption. The (negative) risk-neutral effect,

in turn, hurts the rich much less. By decomposing the RNE further, we show in Ap-

pendix A.4, that both types suffer from the drop in wages and benefit from the increase

in returns, however, the rich less so from the former and more so from the latter. The

reason for that lies in the composition of lifetime income. Young, low-income house-

holds consume a substantially larger share of their wages than young, high-income

agents. Hence, even relative to income, low-income households hold fewer assets,
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receive less capital income, and finance less old-age consumption from their savings

as opposed to social security payments. Simply put, the middle class relies more on

wage income and less on capital income than the rich. Yet government debt crowds

out capital thereby decreasing wages and raising risk-free and risky returns. These

consequences are, obviously, much more favorable for wealthy households than for

middle-class households. As a result, middle-class households prefer a debt-to-GDP

ratio of 53%, much lower than DMD. Rich households, in contrast, want the debt-to-

GDP ratio increased even beyond DMD.

7 Conclusion

We analyze public debt policy in a stochastic OLG model with various causes of low

risk-free rates — aggregate risk, idiosyncratic risk, and convenience benefits. We care-

fully match the risk-free-rate sensitivity and its drivers — the crowding out of capital

and the sensitivity of the convenience yield. In line with Mian et al. (2025) we find

that the debt-to-GDP ratio that maximizes free-lunch deficits, the DMD as we call it,

is determined by the interest–growth differential and the risk-free-rate sensitivity. The

composition of interest-rate and sensitivity drivers matters substantially, however, for

the debt-to-GDP ratio that maximizes ex ante utility of agents — what we refer to as

the WMD. We find WMD to be significantly lower than DMD for the US. Thus, even

if free-lunch deficits are feasible, they may not be desirable. Even less so when market

power is taken into account, as we show in one of our extensions. When inequality

in income and wealth is included in the model, we find that middle-class households

are averse to high public debt, while the rich prefer the government to increase the

debt-to-GDP ratio even above DMD.

While this paper considers fixed debt-to-GDP policy in order to focus on WMD

versus DMD and to accommodate market power and inequality, we are working on a

companion paper that studies Ramsey-optimal debt policy in a framework similar to

the baseline model of this paper. This allows us to analyze the optimal response of debt
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and tax policy to aggregate shocks, how it depends on the debt to GDP ratio, and how

it trades of risk-sharing, tax-smoothing and other considerations. Another obvious,

though computationally challenging, direction for future research is to employ a finer

generational structure that naturally suits a more realistic and nuanced calibration. Ad-

ditional model features that may be interesting to include separately or in combination

are disaster risk, long-run risk, demographic risk, corporate bonds, state-contingent

government bonds, long-lived assets, housing and mortgages, bequest motives, and

political economy considerations. Furthermore, investigating the interaction of debt

policy with public investment is of great importance. However, for this study, our aim

was to make the model and its analysis just complex enough to capture and quantify

the mechanisms most important to assess WMD and its relationship to DMD.

References

Abel, A. B., Mankiw, N. G., Summers, L. H., & Zeckhauser, R. J. (1989). Assessing

dynamic efficiency: Theory and evidence. The Review of Economic Studies, 56(1),

1–19.

Abel, A. B., & Panageas, S. (2025). Running primary deficits forever in a dynamically

efficient economy: Feasibility and optimality. Econometrica, 93(5), 1601–1633.

Aguiar, M., Amador, M., & Arellano, C. (2024). Micro risks and (robust) pareto-improving

policies. American Economic Review, 114(11), 3669–3713.

Aguiar, M. A., Amador, M., & Arellano, C. (2023). Pareto improving fiscal and mone-

tary policies: Samuelson in the new keynesian model (Working paper No. 31297).

National Bureau of Economic Research.

Aiyagari, S. R., & McGrattan, E. R. (1998). The optimum quantity of debt. Journal of

Monetary Economics, 42(3), 447–469.

Angeletos, G.-M., Collard, F., & Dellas, H. (2023). Public debt as private liquidity: Op-

timal policy. Journal of Political Economy, 131(11), 3233–3264.

36



Angeletos, G.-M., Lian, C., & Wolf, C. K. (2024). Can deficits finance themselves? Econo-

metrica, 92(5), 1351–1390.

Auclert, A., Cai, M., Rognlie, M., & Straub, L. (2024). Optimal long-run fiscal policy

with heterogeneous agents. Working Paper.

Ball, L., & Mankiw, N. G. (2007). Intergenerational risk sharing in the spirit of Arrow,

Debreu, and Rawls, with applications to social security design. Journal of Political

Economy, 115(4), 523–547.

Ball, L., & Mankiw, N. G. (2023). Market power in neoclassical growth models. The

Review of Economic Studies, 90(2), 572–596.

Barkai, S. (2020). Declining labor and capital shares. The Journal of Finance, 75(5), 2421–

2463.

Barro, R. J. (2023). R minus g. Review of Economic Dynamics, 48, 1–17.

Basu, S. (2019). Are price-cost markups rising in the United States? A discussion of the

evidence. Journal of Economic Perspectives, 33(3), 3–22.

Bayer, C., Born, B., & Luetticke, R. (2023). The liquidity channel of fiscal policy. Journal

of Monetary Economics, 134, 86–117.

Bhandari, A., Evans, D., Golosov, M., & Sargent, T. J. (2017a). Fiscal policy and debt

management with incomplete markets. The Quarterly Journal of Economics, 132(2),

617–663.

Bhandari, A., Evans, D., Golosov, M., & Sargent, T. J. (2017b). Public debt in economies

with heterogeneous agents. Journal of Monetary Economics, 91, 39–51.

Blanchard, O. (2019). Public debt and low interest rates. American Economic Review,

109(4), 1197–1229.

Blanchard, O. (2023). Fiscal policy under low interest rates. MIT Press.

Brumm, J., Feng, X., Kotlikoff, L., & Kubler, F. (2024). When interest rates go low, should

public debt go high? American Economic Journal: Macroeconomics, 16(4), 432–469.

Brumm, J., Feng, X., Kotlikoff, L. J., & Kubler, F. (2022a). Are deficits free? Journal of

Public Economics, 208, 104627.

37



Brumm, J., Krause, C., Schaab, A., & Scheidegger, S. (2022b). Sparse grids for dynamic

economic models. In Oxford research encyclopedia of economics and finance.

Brumm, J., & Scheidegger, S. (2017). Using adaptive sparse grids to solve high-dimensional

dynamic models. Econometrica, 85(5), 1575–1612.

Brunnermeier, M. K., Merkel, S., & Sannikov, Y. (2024). Safe assets. Journal of Political

Economy, 132(11), 3603–3657.

Cao, Y., Peralta-Alva, A., & Gaspar, V. (2024). Costly increases in public debt when r<

g. IMF Working Paper.

Chetty, R., Guren, A., Manoli, D., & Weber, A. (2011). Are micro and macro labor sup-

ply elasticities consistent? A review of evidence on the intensive and extensive

margins. American Economic Review, 101(3), 471–75.

d’Avernas, A., & Vandeweyer, Q. (2024). Treasury bill shortages and the pricing of

short-term assets. The Journal of Finance, 79(6), 4083–4141.

De Loecker, J., Eeckhout, J., & Unger, G. (2020). The rise of market power and the

macroeconomic implications. The Quarterly Journal of Economics, 135(2), 561–644.

Diamond, P. A. (1965). National debt in a neoclassical growth model. The American

Economic Review, 55(5), 1126–1150.

Domeij, D., & Ellingsen, T. (2018). Rational bubbles and public debt policy: A quanti-

tative analysis. Journal of Monetary Economics, 96, 109–123.

Dyrda, S., & Pedroni, M. (2023). Optimal fiscal policy in a model with uninsurable

idiosyncratic income risk. The Review of Economic Studies, 90(2), 744–780.

Fagereng, A., Guiso, L., Malacrino, D., & Pistaferri, L. (2020). Heterogeneity and per-

sistence in returns to wealth. Econometrica, 88(1), 115–170.

Farhi, E., & Gourio, F. (2018, November). Accounting for macro-finance trends: Mar-

ket power, intangibles, and risk premia (Working Paper No. 25282). National

Bureau of Economic Research.

Garín, J., Lester, R., Sims, E., & Wolff, J. (2019). Without looking closer, it may seem

cheap: Low interest rates and government borrowing. Economics letters, 180, 28–

32.

38



Harenberg, D., & Ludwig, A. (2019). Idiosyncratic risk, aggregate risk, and the welfare

effects of social security. International Economic Review, 60(2), 661–692.
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APPENDIX

A Model Details

This appendix comprises details regarding the baseline model and its two extensions.

A.1 First Order Conditions

The optimality conditions for households’ decisions in the baseline model from Section

3 are given by the following first order conditions (FOCs):
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The FOCs pin down policies for labor supply, ℓt, physical saving, kt+1, the risk-free

rate, R f
t+1, and the shadow interest rate on risk-free private bonds, R f ,N

t+1. We solve

for ℓt(st), kt+1(st), R f
t+1(st), R f ,N

t+1(st) that satisfy the above optimality conditions for all

states st using time iteration as explained in Section 3.3.

A.2 Convenience Yield

Our modeling of the convenience yield — the spread between returns on risk-free cor-

porate bonds, R f ,N, and treasury bonds, R f — is inspired by the linear specification
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suggested by Krishnamurthy and Vissing-Jorgensen (2012) and also applied by Mian

et al. (2025). More precisely, we specify the annual (normalized) convenience yield as

follows:

R f ,N,a
t+1 − R f ,a

t+1

R f ,N,a
t+1

= ψ − κ

bt+1
yt

− ρb0

ρb0

,

where ψ is the spread at the initial debt-to-GDP ratio, ρb0 , and κ the convenience yield

sensitivity.33 To use this relationship to pin down V, we first have to express the (nor-

malized) convenience benefit in terms of T-year returns and then use the households’

FOCs (with respect to private bonds and government bonds) to express the latter in

terms of the marginal convenience benefit V′:
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Next we insert the linear specification of the normalized convenience yield. By rear-

ranging we find the following expression for V′:

V′(bt+1, yt) = 1 −

1 −

ψ − κ

bt+1
yt

− ρb0

ρb0

T

.

Imposing V(0, yt) = 0 and integrating with respect to bt+1 results in the following

functional form for the convenience benefit of government bond holdings:

V(bt+1, yt) = bt+1 −
ytρb0

κ(T + 1)

((
κbt+1

ytρb0

+ 1 − ψ − κ

)T+1

− (1 − ψ − κ)T+1

)
.

33Assuming a linear specification for the normalized convenience yield, not the pure spread, allows
analytical expressions for the convenience yield sensitivity and the spread at the initial debt-to-GDP
ratio. In doing so we avoid additional numerical calibration effort, without significant loss of accuracy
at interest rates close to zero.
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A.3 Balanced Growth Path

In Section 3 we claim that the model admits a balanced growth path under labor aug-

menting productivity growth. This section shows this by rewriting the model in per-

efficiency-unit variables and showing that the equilibrium conditions become station-

ary. Let labor-augmenting productivity Nt grow at the constant rate Nt+1/Nt = 1 + n.

For any level variable xt, define the per-efficiency-unit counterpart x̂t = xt/Nt. In con-

trast to the stationary model, we denote savings choices sk
t = kt+1 and sb

t = bt+1, and

define interest-growth differentials

R̂t ≡
Rt

1 + n
, R̂ f

t ≡ R f
t

1 + n
, R̂ f ,N

t ≡ R f ,N
t

1 + n
.

We make three assumptions regarding preferences: First, utility depends on consump-

tion per efficiency unit ĉy,t, ĉo,t+1. Second, disutility from labor depends only on ℓt, not

on ℓtNt. Third, convenience benefits from bonds depend on bond savings per efficiency

unit. These restrictions ensure finite ex-ante utility when Nt grows. The households

choose ĉy,t, ĉo,t+1, ŝk
t , ŝb

t , and ℓt to maximize
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Capital per efficiency unit evolves as k̂t = ŝk
t−1/(1 + n). Output per efficiency unit is

computed as
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t

(
αk̂ι

t + (1 − α)ℓι
t

) 1−ι
ι

Rt = Ztαk̂ι−1
t

(
αk̂ι

t + (1 − α)ℓι
t

) 1−ι
ι
+ (1 − δt),
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with analogous expressions for ŵt and the gross return Rt. Government debt and

spending per efficiency unit are proportional to output

ŝb
t = ρbŷt, ĝt = ρgŷt.

The per-efficiency-unit government budget constraint is

ĝt + R̂ f
t ŝb

t−1 − ŝb
t = τl,tŵtℓt + τk,t

(
R̂t ŝk

t−1 + R̂ f
t ŝb

t−1

)
.

The first order conditions of this model are given by

ζℓ
1
v
t = (1 − τl,t − τp)ŵt

1 − β

ĉy,t − ζ
ℓ

1+ 1
v

t
1+ 1

v
+ V(ŝb

t , ŷt)

= β
Et

{
ξiR̂t+1(1 − τk,t+1)ĉ

−γ
o,t+1

}
Et

{
ĉ1−γ

o,t+1

}
(1 − β)(1 − V′(ŝb

t , ŷt))

ĉy,t − ζ
ℓ

1+ 1
v

t
1+ 1

v
+ V(ŝb

t , ŷt)

= βR̂ f
t+1

Et

{
(1 − τk,t+1)ĉ

−γ
o,t+1

}
Et

{
ĉ1−γ

o,t+1

}
(1 − β)

ĉy,t − ζ
ℓ

1+ 1
v

t
1+ 1

v
+ V(ŝb

t , ŷt)

= βR̂ f ,N
t+1

Et

{
(1 − τk,t+1)ĉ

−γ
o,t+1

}
Et

{
ĉ1−γ

o,t+1

}

On a balanced growth path, the system can be written entirely in terms of per-efficiency-

unit variables and the interest growth differentials. The growth rate n only appears via

the normalization of gross returns, so once we work with interest-growth differentials,

the equilibrium conditions do not depend on n. This is the logic of Blanchard (2019)

for calibrating interest-growth differentials directly rather than modeling trend growth

explicitly.
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A.4 Welfare Decomposition

A.4.1 Main Decomposition: CBE, RSE, RNE

To get a clearer understanding of the underlying forces driving the welfare implica-

tions of debt policy, we provide a decomposition of ex-ante welfare, building upon

Brumm et al. (2024). For this purpose we isolate the effects originating from conve-

nience benefits, from risk-sharing, and from the residual risk-neutral effect. To do so

we define welfare without convenience benefits Ũ t
0, and ex-ante risk-neutral welfare

without convenience benefits, U t
0. To properly eliminate the effect of the convenience

yield we set the sequence of convenience benefits {V(bt+1, yt)}t∈N for all ρb to the se-

quence of convenience benefits observed at the reference point ρb0 = 100%, which we

denote by Vt. The definitions are:

Ũ t
0 =E0


cy,t − ζ

ℓ
1+ 1

v
t

1 + 1
v
+ Vt

(1−β)(1−γ)

Et

{
c1−γ

o,t+1

}β


1

1−γ

,

U t
0 =E0


cy,t − ζ

ℓ
1+ 1

v
t

1 + 1
v
+ Vt

1−β

Et {co,t+1}β

 .

Using these definitions we can rewrite ex-ante welfare as the product of the convenience-

benefit effect (CBE), the risk-sharing effect (RSE), and the risk-neutral effect (RNE),

U0 =
U0

Ũ t
0︸︷︷︸

CBE

·
Ũ t

0

U t
0︸︷︷︸

RSE

· U t
0︸︷︷︸

RNE

,

and changes in ex-ante welfare can be decomposed into changes in these three effects.

A.4.2 Decomposing the Risk Neutral Effect

We further decompose the risk-neutral effect into four components: the life-cycle-

allocation effect (LAE), the disutility-of-labor effect (DLE), the aggregate-capital effect

(ACE), and the aggregate-labor effect (ALE). We begin by isolating the effect of the
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life-cycle allocation of consumption. To do so, we define risk-neutral welfare with an

infinite elasticity of intertemporal substitution, denoted by W t
0. In this case, welfare co-

incides with expected aggregate consumption net of investment, minus the disutility

of labor, plus fixed convenience benefits:34

W t
0 = E0

(1 − ρg)yt(kt, ℓt) + (1 − δt(kt, ℓt))kt − kt+1 − ζ
ℓ

1+ 1
v

t

1 + 1
v
+ Vt

 ,

Next, to shut down changes in labor disutility, we replace the endogenous labor se-

quence {ℓt}t∈N in the disutility term with the labor sequence observed at ρ = ρ0,

denoted by {ℓt}t∈N. This yields

W t
0 = E0

(1 − ρg)yt(kt, ℓt) + (1 − δ(kt, ℓt))kt − kt+1 − ζ
ℓt

1+ 1
v

1 + 1
v
+ Vt

 ,

where production and depreciation still depend on the labor sequence {ℓt}t∈N. Finally,

we isolate aggregate capital and labor effects by fixing labor input in production (fixing

capital instead of labor delivers an equivalent decomposition) at ρ = ρ0:

Ŵ t
0 = E0

(1 − ρg)yt(kt, ℓt) + (1 − δ(kt, ℓt))kt − kt+1 − ζ
ℓt

1+ 1
v

1 + 1
v
+ Vt

 .

Using these definitions, the risk-neutral effect can be multiplicatively decomposed as

U t
0 =

U t
0

W t
0︸︷︷︸

LAE

·
W t

0

W t
0︸︷︷︸

DLE

· W
t
0

Ŵ t
0︸︷︷︸

ALE

· Ŵ t
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ACE

.

A.4.3 The Role of Wages and Returns under Inequality

In Section 6, we argue that changes in factor prices affect middle-class and rich house-

holds differently because their income compositions differ. To be able to isolate this

34Ex-ante risk-neutral welfare without convenience benefits, U t
0, has an IES of one. When we consider

the associated general risk-neutral CES welfare function and take the limit for the IES going to infinity
we arrive at W t

0 (when using the aggregate budget constraint to substitute production for consumption).
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mechanism we analyze the impact of factor prices on what we call linear consumption

welfare (LCW) — ex ante risk-neutral infinite-elasticity welfare without convenience

benefits and without labor disutility. We define LCW as a function of sequences of

prices holding all other sequences fixed at their baseline paths (denoted by bars):

P j
0

({
wt, Rt, R f

t , R f ,N
t

}
t∈N

)
=E0

{
(1 − τl,t)

sj

λj
wtℓt,j − kt+1,j − bt+1,j − b

p
t+1,j

+ (1 − τk,t) ·
(

Rtktj + R f
t bt,j + R f ,N

t b
p
t+1,j

)
− ζ j

ℓ
1+ 1

v
t,j

1 + 1
v
+ Vt,j

}
.

We then measure the contribution of wages and returns to changes in LCW by chang-

ing one set of prices at a time. The wage effect for type j is the proportional change in P j
0

when wages follow their counterfactual path while all returns remain at the baseline,

and the return effect is the analogous change when returns follow their counterfactual

paths while wages remain at the baseline:

WEj =
P j

0

({
wt, Rt, R f

t , R f ,N
t

}
t∈N

)
P j

0

({
wt, Rt, R f

t , R f ,N
t

}
t∈N

) − 1,

REj =
P j

0

({
wt, Rt, R f

t , R f ,N
t

}
t∈N

)
P j

0

({
wt, Rt, R f

t , R f ,N
t

}
t∈N

) − 1.

Figure 6 reports these two effects for low- and high-income households. The wage

effect is more negative for low-income households because a larger share of their re-

sources comes from labor income, so wage declines induced by crowding out translate

more strongly into lower LCW. Conversely, the return effect is more positive for high-

income households because they receive a larger share of their consumption from asset

income, implying that increases in rates of return raise their welfare disproportionally.
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Figure 6: Heterogenous Welfare-Impact of Wages and Rates of Return

Notes: Welfare-impact associated with wage changes (red) and rate-of-return changes (blue) for low-
income (solid) and high-income households (dashed). High-income households suffer slightly less from
wage declines as public debt rises and benefit substantially more from higher returns.

A.5 Deficit Calculation

We measure debt, bt+1, in terms of market value at the beginning of the period t. To

put the deficits dt, that accrue continuously throughout the T = 25 years into the

right relation to debt and GDP, we calculate their market value at the beginning of

period t, which we denote by dM
t . For that we have to integrate and discount using the

instantaneous interest rate r f
t+1, which relates to the 25-year interest rate R f

t+1 as given

below (where we drop time indices):

R f = e
∫ T

0 r f τdτ ⇔ r f =
ln R f

T

dM
t =

∫ T

0

dt

T
e−r f

t+1τdτ =
dt

T

(
1 − e−r f T

)
r f = dt

(
1 − 1

R f

)
ln R f .

The latter formula incorporates a correcting factor to transform the deficit in the 25-

year-period model, dt, into a deficit that is comparable to debt and GDP in the same

way as it would be in a model with short period length. Note that the correcting factor

is greater than one and close to one when R f is.
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A.6 Shocks to Capital Returns — Specification Matters

In our calibrated model, WMD is substantially and robustly below DMD. This is a

quantitative result and the opposite case is clearly possible. A nice and simple illus-

tration of that possibility is Abel and Panageas (2025), who include additive shocks

to the depreciation rate of capital in an otherwise deterministic OLG model, resulting

in a stochastic return to capital despite a constant steady-state capital stock. Abel and

Panageas (2025) prove that in this setup welfare is maximized when debt is raised to

the level where the risk-free rate equals the growth rate. Using our terminology, WMD

exceeds DMD — in fact WMD coincides with the maximal sustainable debt level and

zero deficits, not with maximal deficits.

To demonstrate the crucial role of shock modeling in assessing welfare implica-

tions of government debt, we now consider a version of Abel and Panageas (2025) that

allows the shock to affect the return to capital not only in an additive way. More pre-

cisely, capital returns are subject to a uniformly distributed shock ξ ∈ [−σ, σ] and a

parameter λ governs whether the shock enters in an additive (λ = 0) or multiplicative

(λ = 1) way, intermediate values representing a mixture of the two, as given below:

R(ξ) = αkα−1(1 + λξ) + (1 − λ)ξ.

The additive case corresponds to Abel and Panageas (2025) with average deprecia-

tion set at δ = 1, while the multiplicative case can be interpreted either as a shock to

depreciation that scales with the marginal product of capital, or as an uninsurable id-

iosyncratic shock to capital returns as in our baseline model. Wages are deterministic,

w = (1 − α)kα, as in Abel and Panageas (2025). The government issues a fraction ρ of
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GDP in bonds and balances its budget by levying a (potentially negative) lump-sum

tax τ on the young.35 The household problem is thus as follows:

max
k,b

u = (1 − β) ln
(
cy
)
+

β

1 − γ
ln
(

Et

{
co(ξ)

1−γ
})

s.t. cy = w − k − b − τ

co(ξ) = R(ξ)k + R f b.

With this simple model at hand, we carry out the following exercise to shed light on

the role of shock modeling. For fixed α = 0.33 and γ = 20, we vary λ and for each λ we

calibrate β and σ such that at an initial debt-to-GDP ratio of 100% we have a (annual)

risk-free rate of −1% and a risky return of 1.5%. Given the calibrated parameters we

identify WMD, DMD and the interest rates observed at the WMD. The left panel of

Figure 7 shows WMD and DMD as a function of λ. WMD falls monotonically when

λ is increased, while DMD rises moderately, clearly showing the importance of shock

specification. Why is WMD falling as the shock is no longer purely additive? Con-

sider the capital–income-to-GDP ratio, R(ξ)k/y. If this ratio is varying, government

debt offers valuable intergenerational insurance as it provides the old with a share of

the safe income of the young. On top of that, the crowing-out impact of higher debt

may also impact the variability of R(ξ)k/y. Indeed, for the additive shock the capital–

income-to-GDP ratio equals α + ξ · k1−α and its variability thus shrinks as capital falls

with crowding out, while that ratio equals α (1 + ξ) for the multiplicative shock and

thus does not depend on the capital stock. This mechanism makes government debt

more attractive when shocks are additive rather than multiplicative.36 The right panel

shows the risk-free rate at WMD depending on λ. For λ = 0 we find, in line with Abel

and Panageas (2025), that it equals the growth rate (which is normalized to zero) when
35This assumption corresponds to the ζ = 1 case in Abel and Panageas (2025). We verified that

choosing a different ζ, which amounts to the government wasting part of its surpluses, does not change
the presented results.

36DMD rising moderately with λ arises from the same risk channel. While the risk-free and the risky
return are calibrated equally across shock specifications, their sensitivity to government debt depends on
how shocks are specified. Under additive shocks, the crowding out associated with government bonds
decreases the risk to capital returns, further increasing the risk-free rate, resulting in a higher sensitivity
φ. Therefore DMD tends to be lower for additive shocks and higher for multiplicative shocks.
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Figure 7: Impact of Return-Shock Specification on WMD and DMD.

Notes: The left plot shows WMD and DMD depending on the shock specification, parameterized by λ
ranging from a purely additive shock (λ = 0) to a purely multiplicative shock (λ = 1). The right plot
exhibits rates of return at WMD for varying λ. In the case of Abel & Panageas (2022), λ = 0, WMD is
highest and optimality coincides with a zero risk-free rate.

debt is raised to its WMD level. When λ > 0 though, debt is not as desirable and thus

not raised up to the point where the risk-free rate equals the growth rate.

All in all, we find that the modeling of return shocks has a strong impact on the wel-

fare implications of public debt. Abel and Panageas (2025) construct a case that is very

favorable to public debt, as i) the young receive a safe income (no productivity shocks,

just depreciation) that can be shared with the old via public debt, and ii) the crowding-

out effect reduces the variability of the capital-income share of GDP (additive rather

than multiplicative shocks). We consider this instructive example as a motivation to

consider calibrated models with several sources of risk in order to achieve reasonable

quantitative assessments of optimal debt levels — our paper being a first step in that

direction.

B Calibration Details

This appendix provides details on our choice of aggregate risk targets, the convenience

spread, and the calibrations of the models in Sections 5 and 6.
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B.1 Aggregate Risk Data

In quantifying long-term aggregate risk our methodology closely follows Krueger and

Kubler (2006). However, we differ with respect to data source and time horizon of

our estimation. While Krueger and Kubler (2006) deal with 6-year periods we must

account for a period length of 25-years. We use data from Macrohistory Database37 by

Jordà et al. (2019), covering the time horizon from 1880 to 2020. This gives us a total of

(still only) five subsequent 25-year periods for estimation. From the complete dataset

we extract features on the year (year), consumer price index (cpi), wages (wage) and

returns on risky assets (risky_tr). The return on risky assets is a weighted average

of housing and equity — excluding safe assets like government bonds. Krueger and

Kubler (2006) construct the risky return from a stock portfolio, which makes their data

naturally more volatile. Since the risky rate in our model represents a broad class of

assets we find an average of asset classes to be the best fit. Wages are adjusted by

CPI, returns are discounted by the inflation rate. We aggregate 25-year real returns

r̂25y using the logarithmic sum. In line with Krueger and Kubler (2006), we transform

wages, wt, into de-trended real wages. We estimate a linear time trend, (1 + n̂), and

compute de-trended wages, ŵt, as follows:

ŵt = exp (ln(wt)− t · ln(1 + n̂)) .

Finally, we compute coefficients of variation and the correlation between aggregate

wages and aggregate risky returns. The data for time horizons of 1, 5, 10 and 25 years

is summarized in Table 5. We report these measures for higher frequencies in order

to make sure that the data we use as calibration targets is reasonable despite the very

low frequency. Comparing the five-year aggregate moments to Krueger and Kubler

(2006)s’ six year data we find the volatility of wages to be a close fit. We find a coef-

ficient of variation of 15%, Krueger and Kubler (2006) find 11%. Krueger and Kubler

(2006), however, find a significantly higher coefficient of variation in returns of 115%,

37https://www.macrohistory.net/database/
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Table 5: Aggregate Risk Data.

1-year 5-year 10-year 25-year

CV(r̂j) 131.9% 55.0% 47.6% 23.8%
CV(ŵj) 15.6% 15.5% 15.2% 13.2%
Corr(r̂j, ŵj) -2.1% -6.7% -10.8% -7.5%

Notes: This table presents the coefficient of variation of real-returns on risky-assets, the coefficient of
variation of de-trended real wages and their correlation for time horizons of 1, 5, 10 and 25-years. Data
is taken from Jordà et al. (2019).

Table 6: Convenience Yield Spread 1960 - 2020.

1960 - 1980 1980 - 2000 2000 - 2020

60s 70s 80s 90s 00s 10s

0.53 0.66 1.03
0.40 0.66 0.65 0.66 0.95 1.10

Notes: This table reports the average convenience yield spread between returns on 20-year AAA-
corporate-bonds and 20-year US-treasury-bonds in percentage points. The last line reports 10-year av-
erages, while the second-to-last line reports 20-year averages.

relative to 55%, which can be explained by our different choice of risky-rate data. Fi-

nally they find a correlation of -38% — our correlation is also negative, yet closer to

zero.

B.2 Convenience Yield Spread Data

To find a suitable calibration target for the convenience spread ψ we explore empirical

data on the convenience spread over the past 60 years. We quantify the convenience

spread as the difference in returns between corporate AAA-bonds and US-treasury-

bonds both with a maturity of 20 years, consistent with Krishnamurthy and Vissing-

Jorgensen (2012). Data is taken from FRED database,38 specifically time series AAA,

GS20 and LTGOVTBD.39 In Table 6 we report the average spread for each decade be-

ginning in the 1960s as well as the 20-year average. For the time period from 2000 to

2020 we find an average spread of 1pp which we take as a calibration target for the

38https://fred.stlouisfed.org/
39For time series GS20 there are some values missing which we replace by the data from LTGOVTBD.
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Table 7: Internally Calibrated Parameters — Model with Market Power.

Parameter Target Source

Risk
σI 0.35 Std(Rp

t ) 40% Snudden (2025)
σz 0.14 CV(wt) 13% Jordà et al. (2019)
σd 0.10 CV(Rt) 25% Jordà et al. (2019)
χ 2.04 Corr(wt, Rt) −7.5% Jordà et al. (2019)

Production
α 0.37 E0{wtℓt/yt} 63% stylized fact
µd -0.17 E0{kt/yt} 300% Ball and Mankiw (2023)
ζ 3.94 E0{ℓt} 1 normalization
A 9.04 E0{kt} 1 normalization

Market Power
µ 1.1 no target stylized, De Loecker et al. (2020)
θ 0.11 E0{πt/yt} 2% stylized, De Loecker et al. (2020)

Rates of Return
β 0.61 E0{Rt}+ 2% 6% Ball and Mankiw (2023)

γ 14.23 E0{R f
t }+ 2% 0% Blanchard (2019)

ι 0.60 E0{φ} 1.7% Mian et al. (2025)

baseline model. The average debt-to-GDP ratio during that period amounted to 81

percent.40

B.3 Calibration — Model with Market Power

Table 7 summarizes the calibration of the market power extension in Section 5. Aggre-

gate markups µ are set to 10% and the profit share π/y is calibrated to 2%. All other

externally calibrated parameters and the remaining calibration targets stay unchanged

compared to the baseline.

B.4 Calibration — Model with Inequality

Table 8 summarizes the calibration of the inequality extension in Section 6. We assume

the top 10% of earners account for 20% of labor income. We calibrate βh such that these

40FRED series GFDEGDQ188S.
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Table 8: Internally Calibrated Parameters — Model with Inequality.

Parameter Target Source

Risk
σI 0.32 Std(Rp

t ) 40% Snudden (2025)
σz 0.14 CV(wt) 13% Jordà et al. (2019)
σd 0.11 CV(Rt) 25% Jordà et al. (2019)
χ 2.18 Corr(wt, Rt) −7.5% Jordà et al. (2019)

Production
α 0.37 E0{wtℓt/yt} 63% stylized fact
µd -0.17 E0{kt/yt} 300% Ball and Mankiw (2023)
ζh 7.94 E0{ℓt,h} 1 normalization
ζl 3.53 E0{ℓt,l} 1 normalization
A 8.42 E0{kt} 1 normalization

Inequality
βh 0.80 Wealth Share h 25% stylized, Kuhn et al. (2020)

Rates of Return
βl 0.60 E0{Rt}+ 2% 6% Ball and Mankiw (2023)

γ 16.35 E0{R f
t }+ 2% 0% Blanchard (2019)

ι 0.50 E0{φ} 1.7% Mian et al. (2025)

10% however hold 25% of total wealth. Labor disutility for types {l, h} is calibrated

such that they supply one unit of their labor endowment on average.
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