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Motivation

• Ongoing debates on how
Blanchard (2019)︷ ︸︸ ︷
public debt and progressive taxes︸ ︷︷ ︸

Heathcote et al. (2020)

should be used

• What is the connection between the two?

• In theory:

– both can help agents insure against risk

– e.g. Varian (1980) & Aiyagari and McGrattan (1998)

Questions:

1. What is the optimal mix of debt and redistributive taxation?
2. How does it depend on social preferences for redistribution?
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This paper

• Optimal long-run mix of debt and redistributive taxes in standard het-agent models

Main results

1. Planners with stronger preferences for redistribution favor
(i) more progressive tax systems

(ii) lower levels of public debt

progressivity, p

de
bt

-to
-G

DP
 ra

tio
, B Y

high inequality aversion

low inequality aversion

set of optimal long-run (p, B
Y )

2. . . .mainly due to novel interest rate channel of progressivity
– more progressive tax system → more insurance → less precautionary savings

3. US social preferences inconsistent with both Utilitarian and Rawlsian criteria
– SWF that rationalizes status quo features higher weight on well-being of rich
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Related literature

1. Optimal fiscal policy with incomplete markets: Aiyagari, 1995; Aiyagari and
McGrattan, 1998; Flodén, 2001; Bakış et al. (2015); Krueger and Ludwig (2016), Boar
and Midrigan (2022), Angeletos et al. (2022), Dyrda and Pedroni (2022), Acikgoz et al.
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– focus on redistributive taxation and fully dynamic optimal policy analysis

2. Optimal labor income taxation: Mirrlees (1971), Varian (1980), Saez (2001), Golosov
et al. (2006), Farhi and Werning (2013), Heathcote et al. (2017), Chang and Park (2021),
Ferriere et al. (2022), . . .

– incorporate public debt into the analysis
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Plan for today

1. Model

2. Interest rate channel of progressivity

3. Optimal policy

4. Inverting the optimum
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Model



Standard heterogeneous-agent incomplete-markets model details

• Continuum of households face uninsurable idiosyncratic income risk

– individual productivity θ evolves according to some Markov process

• One-period risk-free government bond

– pays an interest rate 1+ r, freely traded up to some borrowing limit ϕ ≥ 0

• Different productivity types are perfect substitutes in production

• Government controls supply of safe assets & nonlinear labor income tax schedule
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Model discussion and calibration

• CRP tax schedules [Bénabou, 2002 and Heathcote et al., 2017]

Tt(y) = y − τt y1−pt ,

for some pt < 1 and τt ∈ R.

• No lumpsum transfers and no taxes on savings [relax later]

• Calibrate model to US economy, following McKay et al., 2016 Calibration

(i) β chosen to match a real interest rate of 2%

(ii) θ follows an AR(1) process in logs [Floden and Lindé, 2001 and Guvenen et al., 2014]

6



Model discussion and calibration

• CRP tax schedules [Bénabou, 2002 and Heathcote et al., 2017]

Tt(y) = y − τt y1−pt ,

for some pt < 1 and τt ∈ R.

• No lumpsum transfers and no taxes on savings [relax later]

• Calibrate model to US economy, following McKay et al., 2016 Calibration

(i) β chosen to match a real interest rate of 2%

(ii) θ follows an AR(1) process in logs [Floden and Lindé, 2001 and Guvenen et al., 2014]
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Interest rate channel of

progressivity



Interest rate channel of progressivity Unintended effects of progressive tax reforms

Q: How does a small permanent change in p affect equilibrium interest rate rrr?

drrr > 0: higher p→ more insurance via tax system → less precautionary savings

Figure 1: Equilibrium in the asset market before and after the reform
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Optimal policy



Optimal policy problem

• The dynamic full-commitment Ramsey problem for this economy is

max
{rt,Bt,pt,τt}

∞∑
t=0

βtUt ({rs}, {τs}, {ps}) s.t

At ({rs}, {τs}, {ps}) = Bt,

G+ (1+ rt−1)Bt−1 = Bt + Tt ({rs}, {τs}, {ps})

• Ut is a sequence-space function that gives “aggregate utility” at time t

Ut ({rs}, {τs}, {ps}) =
∫
i
ωt(θ

i
t,ait)U(cit, lit) di,

with weights
ωt(θ,a) ∝ exp (−αθ θ − αa a)

Note: SWF departs from welfarist approach Phelan, 2006; Farhi and Werning, 2007; Davila and Schaab, 2022
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Simple condition for optimal long-run level of debt Existence of interior steady state

For any u = 0, 1, 2, . . . the following must be true:
∞∑
t=0

∞∑
s=0

βt−u
∂Ut
∂rs

∂rrrs
∂Bu

+
∞∑
t=0

∞∑
s=0

βt−uλt
∂Tt
∂rs

∂rrrs
∂Bu

+λu−βλu+1(1+ rrru)−
∞∑
t=0

βt−uλt
∂rrrt
∂Bu

Bt−1 = 0

Proposition
The optimal long-run level of debt BRSS, if it exists, solves[

SU,r

λRSS
+ ST ,r

]
Srrr,B + {1− β(1+ rrr)} − Srrr,B BRSS = 0,

where SF,X ≡ limu→∞
∑∞

t=0 β
t−u ∂Ft

∂Xu and λRSS = limu→∞ λu.

Three key “sufficient statistics”

1. marginal social value of public debt SU,r
λRSS

+ ST ,r

2. premium on public debt 1− β(1+ rrr)

3. sensitivity of interest rates to changes in public debt Srrr,B
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Optimal long-run mix of debt and progressivity
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Extensions

1. Optimal policy without transitions figure

– maximize steady-state welfare à la Aiyagari and McGrattan (1998) OSS problem

– can use more standard SWFs figure

2. Multiple safe assets & taxes on savings figure

– production technology F(K, L) and allow firms to issue claims to capital

– qualitative properties of optimal mix unchanged but quantitative differences

3. Alternative labor income tax schedules figure

– introduce lumpsum transfers

– jointly tax capital and labor income

11



Inverting the optimum



Basic idea behind the exercise

Q: What preferences for redistribution can rationalize observed mix of B and p?

• Recall SWF
∞∑
t=0

βt
∫
i
ωt(θ

i
t,ait)U(cit, lit) di

with social welfare weights ω(θ,a) ∝ exp (−αθθ − αaa)

• Find αa and αθ so that long-run solution gives pRSS = pUS and BRSS
YRSS = BUS

YUS

• Look at implied Cov(ω,a) and Cov(ω, y)
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Inverting the optimum in selected advanced economies US vs Denmark

Denmark Germany UK France US
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Figure 2: Inferred covariances of welfare weights and assets/income in advanced economies
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Conclusion

Takeaways:

– inequality-averse planners prefer lower levels of B due to GE effects of p, even if
1. transitional dynamics are taken into account

2. multiple safe assets

3. relax restrictions on the tax system

– BONUS: aversion to inequality can help find an interior RSS

Future work:

1. What happens along transition to Ramsey steady state?

2. Political economy considerations?

14
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Thank You!



References i

References

Acikgoz, O., Hagedorn, M., Holter, H. A., and Wang, Y. (2023). The Optimum Quantity of
Capital and Debt. SSRN Electronic Journal.

Aiyagari, S. R. (1995). Optimal Capital Income Taxation with Incomplete Markets,
Borrowing Constraints, and Constant Discounting. Journal of Political Economy,
103(6):1158–1175. Publisher: University of Chicago Press.

Aiyagari, S. R. and McGrattan, E. R. (1998). The optimum quantity of debt. Journal of
Monetary Economics, 42(3):447–469.



References ii

Angeletos, G.-M., Collard, F., and Dellas, H. (2022). Public Debt as Private Liquidity:
Optimal Policy. Technical Report w22794, National Bureau of Economic Research,
Cambridge, MA.

Auclert, A., Cai, M., Rognlie, M., and Straub, L. (2023). Optimal Long-Run Fiscal Policy with
Heterogeneous Agents.
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Household block

• Given {rt} and {Tt(·)}, agent entering period t in state x = (a, θ) solves

Vt(a, θ) = max
ℓ,c,a′

u(c)−v(ℓ)+βEθ′|θ [Vt+1(a′, θ′)] s.t

c+ a′ = (1+ rt)a+ θℓ− Tt (θℓ)

a′ ≥ −ϕ.

• Policy functions: ccct(x), aaat(x), yyyt(x) and zzzt(x) = yyyt(x)− Tt(yyyt(x))

• Measure of households with productivity θ that have assets in set A at t

Dt(θ,A) = Pr{θt = θ,at ∈ A}

back
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Government budget constraint and market clearing

• Given exogenous spending G, government’s budget constraint:

G+ (1+ rt−1)Bt−1 = Bt +
∫
Tt(yyyt(x))dDt(x)︸ ︷︷ ︸
=Tt({rs},{Ts(·)})

• Asset market clearing: ∫
aaat(x)dDt(x)︸ ︷︷ ︸

=At({rs},{Ts(·)})

= Bt

• Goods market clearing:

G+

∫
ccct(x)dDt(x)︸ ︷︷ ︸

=Ct({rs},{Ts(·)})

=

∫
yyyt(x)dDt(x)︸ ︷︷ ︸

=Yt({rs},{Ts(·)})

back
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Optimal mix of debt and progressivity in the RSS
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Figure 3: Optimal mix of debt and progressivity in the RSS



Calibration

Parameter Description Value

β discounting 0.9879
ρ persistence of AR (1) 0.966
σ variance of AR(1) 0.703
EIS curvature in u 1
Frisch curvature in v 1/2
G/Y spending-to-GDP 0.088
B/Y debt-to-GDP 1.4
p progressivity of taxes 0.181
τ level of taxes 0.6740

Table 1: Parameters back



Optimal mix of debt and progressivity - comparative static wrt ϕ
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Figure 4: Optimal mix of debt and progressivity with and without borrowing back



Optimal mix of debt and progressivity with lumpsum transfers
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Figure 5: Optimal mix of debt and progressivity with lump-sum transfers back



Optimal mix of debt and lumpsum transfers
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Figure 6: Optimal mix of debt and lump-sum transfers back



Optimal long-run mix of debt and progressivity ignoring transitions
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Figure 7: Optimal long-run mix of debt and progressivity across solution concepts back



Optimal long-run mix of debt and progressivity across SWFs
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Figure 8: Optimal long-run mix of debt and progressivity across SWFs back



Optimal mix of debt and progressivity in the OSS with capital and τk

In OSS, golden rule holds =⇒ planner chooses τk in order to implement FK = δ

Figure 9: Optimal progressivity vs debt/GDP in the model with capital and τk back



Optimal mix of debt and progressivity in the RSS with capital and τk

Modified golden rule holds =⇒ planner chooses τk to implement FK = ρ+ δ
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Figure 10: Optimal mix of debt and progressivity in the model with capital and τk back



First-order effects of progressivity: total effect
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Figure 11: Individual responses across the state space back

Takeaway: GE effect can dominate PE effect due to interest rate channel of progressivity



Relationship between debt and progressivity in the OSS
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Figure 12: Optimal progressivity vs debt/GDP in the OSS back



Optimal mix of debt and progressivity across SWFs
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Figure 13: Optimal mix with generational and generalized utilitarian planners back



Alternative welfare criteria

1. Benchmark planners [Davila and Schaab, 2022 or Phelan, 2006 & Farhi and Werning, 2007]

W(r, τ,p) =
∞∑
t=0

βt
∫

ω(x)u(ccc(x))dD(x)

2. Generalized utilitarian planners

WGU(r, τ,p) =
∫

ω(x)V(x)dD(x)

3. Bénabou planners [Bénabou, 2002 & Boar and Midrigan, 2022]

Wα(r, τ,p) =
(∫

c̄(x)1− 1
αdD(x)

) 1
1− 1

α
,

with c̄(x) equal to consumption CE back
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Optimal steady state problem (OSS)

OSS Problem: back

• Choose time-invariant tax code {τ,p} and steady state level of public debt B to

max
{r,B,p,τ}

W(r, τ,p) s.t

A(r, τ,p) = B,

G+ rB = T (r, τ,p)

• Alternative welfare criteria:
1. Generational planners

W(r, τ, p) =
∞∑
t=0

β
t
∫
i
ω(θit, a

i
t)U(c

i
t, l

i
t) di

2. Generalized utilitarian planners
WGU(r, τ, p) =

∫
i
ω(θi0, a

i
0)V(θ

i
0, a

i
0)di

3. Bénabou planners [Bénabou, 2002 & Boar and Midrigan, 2022]

Wα(r, τ, p) =
(∫

c̄(θi0, a
i
0)
1− 1

α di
) 1

1− 1
α , with c̄(θ, a) = “consumption CE”



First-order effects of progressivity: direct and indirect effects dV

Q: How does a small permanent change in p affect equilibrium outcomes?

dV(x) =
∞∑
s=0

βsE

u′(cs)
y1−ps dτττ + as drrr︸ ︷︷ ︸

indirect effect in s

− zs log ys︸ ︷︷ ︸
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(b) Indirect effect along the asset dimension

Figure 14: Direct and indirect effects across the state space
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Relationship between debt and progressivity in the OSS p vs B
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Figure 15: Optimal debt/GDP vs progressivity in the OSS ϕ > 0
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Figure 15: Optimal debt/GDP vs progressivity in the OSS ϕ > 0
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Optimal mix of debt and progressivity in the OSS
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Figure 16: Optimal progressivity vs debt/GDP in the OSS



Optimal mix of debt and progressivity and aversion to inequality
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Figure 17: Optimal mix of debt and progressivity in the OSS Generalized utilitarian



Two concepts of long-run optimality with heterogeneous agents

1. Optimal steady state max W

• used by Aiyagari and McGrattan (1998)

• maximize welfare in steady state

• ignores transitions =⇒ EASY

2. Ramsey steady state max
∑

t β
tWt

• formulated by Aiyagari (1995)

• limiting steady state of dynamic Ramsey problem w/ full commitment

• transition dynamics matter =⇒ HARD
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Unintended effects of progressive tax reforms dV
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Figure 18: Direct and indirect effects across the state space



Existence of interior steady state with inequality-averse planners

Ramsey problem w/ utilitarian SWF does not converge to an interior steady state . . .
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Figure 19: Verifying existence of interior steady state back



Existence of interior steady state with inequality-averse planners

. . . but interior steady state exists with inequality-averse planners
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Figure 19: Verifying existence of interior steady state back



Inverting the optimum: Denmark vs the United States

(a) Implied welfare weights for Denmark (b) Implied welfare weights for the United States

Figure 20: Inferred welfare weights for Denmark and the United States back
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