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Resumo
Este artigo estuda como a composição e a maturidade da dívida pública influenciam os
efeitos agregados e distributivos de choques macroeconômicos. Ampliamos um modelo
Novo-Keynesiano com agentes heterogêneos (HANK) padrão para incorporar uma estrutura
rica de dívida pública, que inclui títulos de curto e longo prazo, bem como títulos nominais
e indexados à inflação. Diferentes estruturas de dívida pública implicam efeitos de valuation
heterogêneos sobre as carteiras de títulos das famílias e sobre o orçamento do governo.
Ganhos de valuation redistribuem recursos em favor de famílias mais ricas, com baixa
propensão marginal a consumir, enquanto o governo, como devedor, sofre alterações nos
custos do serviço da dívida e efeitos de valuation tanto sobre os passivos em circulação
quanto sobre a emissão de novos títulos. Dependendo do tipo de choque – como um choque
de monetário ou de produtividade – e das respectivas respostas da política fiscal, esses
efeitos de valuation podem ser amplificados ou atenuados, resultando em diferentes efeitos
agregados e distributivos.

Palavras-chave: Estrutura da dívida pública, HANK, Efeitos de valuation, Política fiscal.



Abstract
This paper studies how the composition and maturity of government debt influence the
aggregate and distributional effects of macroeconomic shocks. We extend a standard
Heterogeneous-Agent New Keynesian (HANK) model to incorporate a rich public debt
structure featuring short- and long-term bonds as well as real and nominal securities.
Different debt structures imply heterogeneous valuation effects on households’ bond
portfolios and on the government budget. Valuation gains redistribute resources toward
wealthy, low-MPC households, while, as the debtor, the government experiences changes in
debt servicing costs and valuation effects on both outstanding and newly issued liabilities.
Depending on the type of shock – such as a monetary or productivity shock – and the
associated fiscal policy responses, these valuation effects may be amplified or dampened,
resulting in different aggregate and distributional outcomes.

Keywords: Government debt structure, HANK, Valuation effects, Fiscal policy.

JEL Classification: D31, E62, E63, H63.
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1 Introduction

The fiscal design embodied in government debt structures can vary greatly from
country to country. This heterogeneity extends to several dimensions, including debt
maturity, indexation, coupon structure, and the relative importance of nominal versus
real liabilities. Consequently, creditors and debtors experience varying degrees of exposure
to inflation, interest rate movements, and macroeconomic shocks across economies. This
raises interesting questions: To what extent do government debt structures matter for
macroeconomic outcomes? What can we conclude about the transmission mechanisms and
distributional effects across alternative debt structures?

While much of the theoretical literature abstracts from the composition and
maturity structure of government securities, this paper studies the role of government
debt structure within a Heterogeneous-Agent New Keynesian (HANK) framework. The
HANK models provide a richer and more realistic framework for analyzing fiscal and
monetary policy than traditional representative-agent models. By integrating the observed
heterogeneity in income, wealth, and marginal propensities to consume into the New
Keynesian paradigm, HANK models reveal new transmission channels and allow for the
joint analysis of aggregate dynamics and distributional effects.

In standard macroeconomic models, government debt is modeled simply, with most
of frameworks typically assuming real, one-period debt. This paper extends the HANK
model proposed by Auclert et al. (2025) to incorporate a richer government debt structure
that includes short- and long-term bonds, as well as real and nominal securities. The
economy features a representative investment fund that intermediates all household savings
and allocates them across government bonds and equity. Households hold shares in this
fund, which passively tracks the government’s debt structure through a fixed portfolio
weight vector for the government securities.

By calibrating the share of each type of bond in the portfolio weight vector, we study
the transmission and distributional effects of macroeconomic shocks across alternative
debt structures and under different fiscal policy responses. In particular, we consider two
types of shocks: an expansionary monetary policy shock, characterized by a decline in the
real interest rate, and a positive productivity shock, represented by an increase in total
factor productivity (TFP).
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The main finding is that different types of bonds exert distinct pressures on the
government budget due to heterogeneous valuation effects. Depending on the nature of
the shock, households may experience capital gains or losses on their bond portfolios. For
instance, following a positive monetary shock, lower interest rates push up bond prices,
while higher inflation diminishes the value of nominal securities. However, when inflation
and interest rates move in the same direction – as in the case of a productivity shock – the
valuation effects on nominal bonds tend to reinforce each other, leading to larger capital
gains or losses.

Valuation gains redistribute resources toward wealthy, low-MPC households, damp-
ening aggregate demand, while valuation losses have the opposite effect. At the same
time, as the debtor, the government incurs higher or lower debt servicing costs, as well as
valuation effects on both outstanding and newly issued liabilities. Since the government is
required to satisfy an intertemporal budget constraint (budget balanced), fiscal adjust-
ments are necessary. In our model, spending (G) is kept constant, so these adjustments
come exclusively from changes in taxes (T ).

The indirect effects of tax rate adjustments account for most of the differences in
consumption responses across government bonds, while labor income and capital gains
channels also contribute meaningfully. Relative to the real short-term debt benchmark,
the cumulative aggregate consumption response to a monetary shock is about 16% lower
under real long-term debt and about 1% higher under nominal long-term debt. Following
a productivity shock, the corresponding effects are about 16% and 44% lower, respectively,
reflecting the heterogeneous valuations effects of these assets.

The nature of fiscal policy responses to shocks also plays a crucial role in shaping
aggregate and distributional effects across different debt structures. Our default fiscal
rule targets a stable public debt service in real terms, i.e., taxes are adjusted to maintain
the real value paid out at t + 1 constant. Alternative fiscal rules – such as targeting a
constant level of government debt (B), restricting tax adjustments to the richest households,
or implementing tax changes more gradually – can amplify or dampen heterogeneous
valuation effects across distinct debt profiles, and thus in shaping the transmission of
macroeconomic shocks. For example, the slow fiscal adjustment rule yields a cumulative
consumption response to a productivity shock that is about 10% lower for real long-term
debt and around 26% lower for nominal long-term debt relative to real short-term debt.

As a final exercise, we calibrate the portfolio weight vector to simulate the debt
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composition of the United States and Brazil. Nominal fixed-rate instruments represent
over 90% of outstanding U.S. government securities, while floating-rate instruments, such
as inflation-indexed bonds, rarely exceed 10%. In contrast, Brazil’s public debt is heavily
weighted toward floating-rate instruments, which account for nearly 70% of outstanding
debt, with price-indexed securities making up about 25%1.

Under our baseline calibration for the U.S. economy, shifting the public debt
composition to resemble Brazil’s yields a cumulative consumption response that are about
6% and 4% lower following a monetary shock under default and slow-moving fiscal rules,
respectively. Following a productivity shock, the corresponding cumulative consumption
responses are around 19% and 9% higher. Therefore, differences in government debt
structures among countries can lead to significant variations in distributional effects and
macroeconomic outcomes, especially between advanced and emerging market economies.

The remainder of the paper is organized as follows. Chapter 2 reviews transmission
mechanisms, distributional effects, and the role of asset and liability structures in the HANK
literature. Chapter 3 examines the composition and maturity structure of government debt
across several countries. Chapter 4 presents the HANK model with a richer government debt
structure. Chapter 5 describes the Sequence-Space Jacobian (SSJ) solution method, the
baseline calibration, and the steady-state objects. Chapter 6 shows the impulse responses
to monetary and productivity shocks across alternative debt structures and under different
fiscal policy responses. Finally, Chapter 7 concludes.

1 In the Brazilian case, interest rate–linked securities are modeled as nominal short-term bonds, since
their coupon payments adjust directly with the policy rate, closely tracking nominal interest rate
movements.



14

2 Literature Review

The literature on Heterogeneous-Agent New Keynesian (HANK) models is growing
rapidly, with much of the recent work focusing on the analysis of monetary and fiscal
policies and their transmission mechanisms. The foundational work of Kaplan et al. (2018)
shows that incorporating household heterogeneity fundamentally changes the transmis-
sion mechanisms of monetary policy. In particular, monetary shocks affect consumption
less through intertemporal substitution and more through indirect income effects and
general equilibrium feedbacks, in contrast to the Representative Agent New Keynesian
(RANK) framework – where monetary policy operates primarily through the intertemporal
substitution channel (Clarida et al., 1999; Woodford and Walsh, 2005; Galí, 2015).

Auclert (2019) highlights the importance of marginal propensities to consume
(MPCs) for the transmission mechanism of monetary policy, in which three key channels
operate and are missed by standard representative-agent models: a Fisher channel arising
from unanticipated inflation, an earnings heterogeneity channel due to unequal income
gains, and an interest rate exposure channel from changes in real rates. On the other
hand, Bayer et al. (2024) show that technology shocks are even more important in the
HANK than in the RANK framework, with a stronger impact on aggregate consumption.
A positive investment-specific technology shock leads to a decline in asset prices and an
increase in expected wage incomes. Hence, resources are redistributed toward wage earners,
who have larger intertemporal MPCs than capital holders, boosting consumption.

From a fiscal perspective, the HANK literature has largely emphasized fiscal policy
responses to different shocks – such as monetary and productivity shocks – while paying
relatively less attention to fiscal design embodied in government debt structures. In general,
most models assume that government debt is issued as one-period bonds, either in real
(McKay et al., 2016; Kaplan et al., 2018; Alves et al., 2020; Lenney, 2022; Grancini, 2025;
Kurcz, 2025) or nominal terms (Luetticke, 2021; Acharya et al., 2023; Bayer et al., 2024;
Chipeniuk et al., 2025; Yang, 2025). More recently, longer-maturity securities have been
incorporated into government debt within the HANK framework (Hänsel, 2024; Lavender,
2024; Pallotti, 2024; Auclert et al., 2025). Nevertheless, a richer government debt structure
– featuring both real and nominal bonds with different maturities – remains a gap in this
literature.
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Importantly, the maturity structure of households’ assets and liabilities plays a
key role in the transmission of monetary policy. Auclert (2019) underscores that, with
long asset maturities, interest rate changes redistribute resources through capital gains
and losses, thereby affecting the effectiveness of monetary policy. Similarly, Hänsel (2024)
employs a 2-asset HANK framework (liquid and illiquid assets) to show the importance
of asset market structure for price stability. However, these papers primarily focus on
policy shocks – such as monetary policy and transfers – while giving limited attention to
supply-side disturbances, such as technology shocks.

Lavender (2024) studies the monetary transmission within HANK framework, where
the government issues liquid short-term and illiquid long-term debt. Indeed, the introduc-
tion of longer-term public debt dampens the effects of monetary policy on consumption,
and the fiscal policy design plays an important role. A fiscal rule that is more sensitive to
the value of government debt or a less progressive tax system leads to a more pronounced
dampening of monetary transmission. Nevertheless, the framework focuses on real debt
and therefore does not address the role of nominal liabilities and inflation.

Exposures to nominal assets and liabilities also matter for aggregate and distribu-
tional outcomes, especially in the presence of inflationary shocks. Unexpected inflation
redistributes wealth between nominal debtors (high-MPC households) and nominal credi-
tors (low-MPC households), creating a Fisher effect that tends to amplify the effects of
monetary shocks (Auclert, 2019; Auclert et al. (2024, 2025)). In a HANK model where
the government issues long-term nominal debt, Pallotti (2024) show that wealth transfers
through the Fisher channel amplify consumption responses to monetary policy shocks.

Our contribution to the literature is to incorporate a richer government debt
structure within the HANK framework, featuring short- and long-term bonds as well
as real and nominal securities. We then analyze the transmission and distributional
effects of monetary and productivity shocks across alternative debt structures and under
different fiscal policy responses. Beyond the HANK literature, this paper also relates to
New Keynesian models that analyze the role of government debt liquidity (Cantore and
Meichtry, 2024; Cantore and Leonardi, 2025), the importance of debt maturity structure
(Liemen and Posch, 2022), and the wealth effects of government bonds (Caramp and Silva,
2023; Caramp and Feilich, 2024), in shaping macroeconomic dynamics. More broadly, it
connects to empirical work emphasizing the role of changes in asset valuation and capital
gains in wealth redistribution and aggregate dynamics (Fagereng et al. (2021, 2025)).
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3 Government Debt Structure around the
World

In this section, we examine the composition and maturity structure of government
debt across several countries. First, we document stylized facts for advanced economies.
Figure 1 reports the evolution of the nominal level of central government debt and its
weighted average maturity for a set of OECD countries, using the rich dataset compiled
by De Graeve and Mazzolini (2023).
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Figure 1 – Weighted average maturity (blue) and Central government debt (red). From
De Graeve and Mazzolini (2023).
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Most countries have experienced a substantial increase in government debt over
time, especially since the 2008 Global Financial Crisis. At the same time, debt maturities
have significantly lengthened across economies, with the cross-country average maturity
increasing from 5.49 years in 1995 to 7.84 years in 2020. Figure 2 illustrates the compo-
sition of marketable United States Treasury securities, using official data from the U.S.
Department of the Treasury. Nominal fixed-rate instruments, such as Treasury bills, notes,
and bonds, represent over 90% of the total U.S. securities, while inflation-indexed bonds
rarely exceed 8%. This pattern is also observed in most developed countries.
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Figure 2 – Total share of marketable U.S. treasury securities outstanding. Data from the
U.S. Department of the Treasury’s Bureau of the Fiscal Service.

Figure 3 shows how government debt is divided by type of security across advanced
economies, most of which issue a large portion of public debt in the form of fixed coupon
bonds. Zero-coupon securities, however, constitute a relevant margin along which govern-
ments adjust the composition of their debt. By contrast, floating-rate instruments and
other security types – such as stripped coupons and consols – play only a minor role. Only
four countries (Ireland, Italy, Portugal, and the United Kingdom) exhibit average shares
above 5 percent, and even in these cases the importance of such instruments has declined
over time.
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Figure 3 – Debt type by security. From De Graeve and Mazzolini (2023).

Table 1 reports the sample averages of debt composition and weighted average
maturity (WAM) for a set of advanced economies over the period 1995–2020. On average,
fixed-coupon nominal bonds account for nearly 85% of outstanding government debt,
confirming their dominant role across countries. Zero-coupon bonds, on the other hand,
represent an average of about 11%, though their importance varies substantially across
economies. Inflation-linked bonds account for roughly 3.5% of government debt on average,
but their use is highly uneven, with countries such as the United Kingdom and Sweden
relying more heavily on indexation. Furthermore, debt maturity exhibits substantial cross-
country heterogeneity. The average weighted maturity across advanced economies is slightly
above six years, but it ranges from less than four years in Norway to nearly twelve years
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in the United Kingdom.

Table 1 – Debt Structure of Advanced Economies - Sample Averages (1995-2020)
Country ZCB (%) Fixed (%) Floating (%) Other (%) Inflation-linked (%) WAM (years)
Austria 3.49 92.65 1.05 2.81 0.00 6.78
Australia 6.07 93.26 0.36 0.31 7.55 5.52
Belgium 12.25 83.62 3.18 0.95 0.00 6.28
Canada 26.84 72.99 0.16 0.00 4.73 6.20
Switzerland 11.16 88.84 0.00 0.00 0.00 7.35
Germany 4.61 94.13 0.42 0.84 1.97 6.36
Denmark 6.02 93.08 0.31 0.59 0.00 5.92
Spain 13.96 79.43 0.40 6.20 0.97 6.85
Finland 4.65 93.48 1.63 0.23 0.00 4.85
France 10.56 87.65 0.00 1.79 7.80 6.68
Ireland 3.36 89.90 5.28 1.46 0.00 7.57
Italy 15.06 69.18 10.50 5.25 5.32 6.11
Japan 12.89 83.17 3.58 0.36 0.43 5.72
Netherlands 8.57 90.96 0.15 0.32 0.00 6.20
Norway 21.22 74.91 0.26 3.61 0.00 3.72
New Zealand 12.83 85.56 0.64 0.98 7.76 4.84
Portugal 7.94 84.50 2.02 5.54 0.00 5.55
Sweden 16.06 81.64 0.77 1.52 12.63 5.03
United Kingdom 4.65 77.34 0.40 17.61 14.88 11.95
United States 20.31 78.10 0.58 1.01 5.75 5.33
Average 11.13 84.72 1.59 2.57 3.49 6.24

Note: Data from De Graeve and Mazzolini (2023).

We next turn to emerging market economies, where debt structures differ system-
atically from those pattern observed in advanced economies. Using data from the Bank of
International Settlements (BIS), Table 2 reports the composition of central government
debt securities for a selected group of emerging economies.

Table 2 – Central Government Debt Securities – Emerging Economies (2024)
Country Fixed interest rate (%) Inflation-linked (%) Interest rate-linked (%) Total (%)
Argentina 52.84 47.09 0.07 100.00
Brazil 30.32 28.29 41.39 100.00
Mexico 53.41 23.21 23.38 100.00

Fixed interest rate (%) Variable interest rate (%) Total (%)
Indonesia 88.95 11.05 100.00
Türkiye 79.71 20.29 100.00

Note: Data from Bank of International Settlements (BIS).

Unlike developed countries, emerging markets rely more heavily on inflation-linked
and variable-interest-rate instruments. In Argentina and Brazil, for example, inflation-
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indexed securities account for a significant portion of public debt. Brazil also relies
heavily on interest rate-linked instruments, which make up more than 40% of total
issuance. Mexico, on the other hand, has a more diversified structure, with significant
portions of both inflation-linked and variable-rate debt. In contrast, Indonesia and Turkey
primarily rely on fixed-rate securities, though variable-rate instruments remain important.
In contrast, Indonesia and Turkey primarily rely on fixed-rate securities, though variable-
rate instruments are still important.

Overall, emerging market economies make greater use of indexed debt, imply-
ing higher fiscal sensitivity to monetary policy and inflation shocks. Brazil provides a
particularly illustrative case. Figures 4 and 5 document the composition and maturity
structure of Brazilian gross public debt. Floating-rate instruments account for nearly 70%
of outstanding debt on average over the sample period. Meanwhile, the maturity structure
is heavily concentrated at the short- and medium-term horizons, with more than 30% of
debt maturing within one year and nearly 80% maturing within five years.
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Figure 4 – Composition of Brazilian gross public debt by indexer (%). Data from the
Brazilian Central Bank.
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Figure 5 – Maturity of Brazilian gross public debt (%). Data from the Brazilian Central
Bank.

In general, government debt structures vary greatly from country to country. This
heterogeneity extends to several dimensions, including debt maturity, indexation, coupon
structure, and the relative importance of nominal versus real liabilities. Taking these
characteristics into account is essential to understanding the interaction between fiscal
positions and macroeconomic shocks. The next section introduces a modeling framework
motivated by these empirical patterns to examine the macroeconomic implications of
different debt structures.
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4 Basic HANK Model with Richer Debt

Our theoretical starting point is the ‘canonical’ HANK model proposed by Auclert
et al. (2025), which integrates the standard incomplete markets framework (Bewley-
Huggett-Aiyagari) within a New Keynesian setting with sticky wages and flexible prices.
We extend their model to incorporate a richer government debt structure in terms of both
maturity (short- and long-term bonds) and composition (real and nominal bonds).

The economy features a continuum of agents with unit mass who are identical
ex-ante but become heterogeneous ex-post due to uninsurable idiosyncratic shocks. Each
agent is subject to individual-specific risk affecting their labor productivity (eit) and time
discount factor (βit)2. The evolution of these characteristics follows a Markov process that
assigns transition probabilities from any state (e, β) to any other state (e′, β′).

The distribution of agents across states is assumed to remain constant and equal
to the stationary distribution at all times. Moreover, labor productivity and discount
factor processes are assumed to be independent, and the cross-sectional mean of labor
productivity is normalized to E[eit] = 1.

4.1 Debt Structure

The government issues short- and long-term bonds in both real and nominal terms.
Let qST,R

t and qST,N
t denote the prices of the real and nominal short-term bonds, respectively.

These securities pay no coupons and are one-period instruments. Each unit of qST,R and
qST,N purchased at time t delivers, in turn, (1 + rt) units of real repayment and (1 + it)
units of nominal repayment at time t + 1.

The Fisher equation determines that, for all t ≥ 0, nominal (it) and real (rt) interest
rates satisfy:

1 + it

1 + πt+1
= 1 + rt (4.1)

2 The former is conventional in the literature, while the latter facilitates a closer match to the empirical
level (average MPCs) and cross-sectional distribution of aggregate wealth.
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From a no-arbitrage condition, we have that

qST,R
t = 1

1 + rt

(4.2)

qST,N
t = 1

1 + it

= 1
(1 + Et[πt+1])(1 + rt)

(4.3)

Long-term bonds are modeled as perpetuities with an exponentially declining
coupon following Woodford (2001). In particular, each government bond purchased at
date t pays a perpetual stream of coupon payments: 1, δ, δ2, ..., beginning at t + 1, where
δ ∈ (0, 1). In equilibrium (steady-state) and so with stable prices, the duration of such
bonds are given by (1 − βδ)−1.

The prices of the long-term bonds are given by

qLT,R
t = 1 + δqLT,R

t+1
1 + rt

(4.4)

qLT,N
t = 1 + δqLT,N

t+1
1 + it

= 1 + δqLT,N
t+1

(1 + Et[πt+1])(1 + rt)
(4.5)

As an initial benchmark, we assume that nominal and real long-term bonds share the same
decay rate (δ). Later, we vary δ across bond types to verify the robustness of our findings.

4.2 Asset Markets

The economy features a representative investment fund that intermediates all
household savings, ait, and allocates them across government bonds and equity (the stock
market). Households do not directly trade individual assets; instead, they hold shares of this
fund, which invests in a diversified portfolio. The fund passively tracks the government’s
debt structure through a fixed or policy-determined portfolio weight vector

Ω = (ωST,R, ωST,N , ωLT,R, ωLT,N)

with ωST,R + ωST,N + ωLT,R + ωLT,N = 1. The fund does not retain profits nor actively re-
balance beyond maintaining the fixed weights Ω. Hence, the investment fund fully transmits
the maturity and inflation risk embedded in government securities to the household sector.

Let J = {(ST, R), (ST, N), (LT, R), (LT, N)}. The price and the (real) return of
this portfolio of securities are then:
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qSec
t =

∑
j∈J

ωj · qj
t (4.6)

rSec
t =

∑
j∈J ωj · payoffj

t

qSec
t−1

− 1 (4.7)

where the (real) payoff for each security is given by

payoffj
t =



1, if j = (ST, R)
1

1+πt
, if j = (ST, N)

1 + δqLT,R
t , if j = (LT, R)

1+δqLT,N
t

1+πt
, if j = (LT, N)

Note that the payoffs of nominal bonds are exposed to inflation risk, whereas the payoffs
of long-term securities are subject to maturity risk.

There is a unit mass of firm shares in the economy, each with an end-of-period real
price pt. The no-arbitrage condition requires that the ex-ante return on the portfolio of
government securities equates the ex-ante return on equity, that is,

Et[1 + rSec
t+1] = Et[pt+1 + dt+1]

pt

(4.8)

where dt is the real post-tax dividends. Nevertheless, the ex-post returns are subject to
surprise inflation and capital gains (and losses).

Asset market clearing requires that the total household wealth, At ≡
∫

aitdi, be
fully allocated between stocks and government bonds. Formally,

At = pt + Bt (4.9)

where
Bt ≡

∑
j∈J

ωjBj
t , with Bj

t ≡
∫

bj
itdi

Assuming perfect competition in the mutual fund industry, the ex-post return on
the fund, rp

t , must equal the realized return on the underlying securities:

rp
t+1 = rSec

t for all t ≥ 0 (4.10)
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The initial return, rp
0 is determined such that the liquidation value of the mutual

fund’s liabilities, (1 + rp
0)A, equals the initial market value of its portfolio of stocks and

bonds:
(1 + rp

0)A = p0 + d0 + (1 + rSec)B (4.11)

Note that the gross initial ex-post return, 1 + rp
0, is simply the the weighted average

of the initial stock return, p0+d0
p

, and the steady-state securities portfolio return, 1 + rSec,
where the weights correspond to the mutual fund’s steady-state portfolio shares in stocks
and bonds.

4.3 Households

Households optimally allocate resources between consumption and savings, taking
into account both their budget constraint and the imposed borrowing limit. We assume
that preferences feature log utility over consumption (cit) and separable disutility of labor
from hours worked (nit).

Accordingly, household i’s problem, beginning at time t = 0 with an initial asset
position ai,−1 in a mutual fund, an idiosyncratic income state ei0, and a discount factor
βi0, is formulated as follows:

max
cit

E0

[ ∞∑
t=0

(
t−1∏
s=0

βis

)
log(cit) − ν(nit)

]

s.t. cit + ait ≤ (1 + rp
t )ait−1 + (1 − τt)wteitnit,

ait ≥ 0

(4.12)

where τt is the tax rate of labor income (wt), rp
t is the ex-post return on mutual fund

assets, and ν(Nt) = ζ
N

1+ 1
v

t

1+ 1
v

is the separable disutility of labor.

Individual agents do not choose their working hours. Instead, unions determine
these hours based on current labor demand, and allocate them uniformly across agents, so
that nit = Nt. As a result, the steady state problem corresponds to a standard incomplete
markets model with additive income risk. Specifically, agents make consumption and
saving decisions according to a “buffer-stock” behavior, which aligns with evidence from
micro-level data.
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4.4 Production side

The model’s heterogeneity comes entirely from households. The production side is
modeled simply. Firms produce using labor as their only input and rely on a production
function with constant aggregate productivity:

Yt = (1 + z)Nt (4.13)

where z is the (exogenous) growth rate of total factor productivity (TFP), and Nt = E[eitnit]
is aggregate effective labor.

Firms are assumed to set prices at a constant markup µ over their nominal marginal
cost, which is equal to the productivity-adjusted nominal wage Wt/(1 + z). Hence,

Pt = µ · Wt

1 + z
(4.14)

and so the real wage is constant over time and given by wt = 1+z
µ

. Firms’ dividends are
taxed at the same rate τt as labor income. Accordingly, their real post-tax dividends are
given by

dt = (1 − τt)(Yt − wtNt)

= (1 − τt)
(

1 − 1 + z

µ

)
Yt

(4.15)

Nominal wages are assumed to be sticky. A representative labor union sets the
nominal wage to maximize the utility of an agent with average consumption Ct =

∫
citdi,

discounted by the average discount factor β. Under either Calvo or Rotemberg adjustment
costs, this leads to a first-order Phillips curve for wage inflation, πw

t ≡ Wt−Wt−1
Wt

, defined by

πw
t = κ

(
ν ′(Nt) − 1 − τt

Ct

· 1 + z

µ

)
+ βπw

t+1 (4.16)

Wage inflation arises whenever the marginal disutility of supplying an additional
hour of labor, ν ′(Nt), is greater than the marginal benefit from working that extra hour.
The marginal benefit equals the after-tax real wage, (1− τt)1+z

µ
, multiplied by the marginal

utility of average consumption, 1/Ct.

Price inflation, πt ≡ Pt−Pt−1
Pt−1

, is determined by wage inflation net of productivity
growth. From firm pricing (4.14), it follows that 1 + πt = 1+πw

t

1+z
and hence, to a first-order

approximation, πt ≈ πw
t − z. Substituting into wage Phillips curve (4.16), we get the
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dynamics of price inflation

πt = κ

(
ν ′(Nt) − 1 − τt

Ct

· 1 + z

µ

)
+ βπt+1 − (1 − β)z (4.17)

Thus, price inflation arises when nominal wages grow faster than productivity, raising unit
labor costs and hence firms’ marginal costs. The term −(1 − β)z captures balanced-growth
deflation pressure from productivity improvements.

4.5 Fiscal and Monetary Policies

On the fiscal side, government finances its expenditures (Gt) through labor and
corporate income taxes and by issuing non-contingent real and nominal debt. Given that
total tax revenue equals τtYt, the government’s intertemporal budget constraint is

Bt + τtYt = (1 + rSec
t−1)Bt−1 + Gt (4.18)

The government chooses paths for debt Bt, while spending Gt is held constant and
the tax rate τ is indirectly set to satisfy the intertemporal budget constraint. The default
fiscal rule in response to shocks is as follows

Bt

qSec
t

− Bss

qSecss = 0 (4.19)

that is, government endogenously determines Bt so that the real amount paid in the next
period is constant. In other words, the real cash flow owed by the government is always
kept constant.

On the monetary side, the central bank follows a standard Taylor rule such that

it = rss + ϕπt + εt (4.20)

where rss denotes the steady-state real interest rate, ϕ is the policy response coefficient to
inflation, and εt is a monetary policy shock.

4.6 Equilibrium

Given the exogenous paths of fiscal {Gt, Bt} and monetary {it} policies – each
consistent with government budget constraint and monetary policy rule, respectively – the
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equilibrium is defined by a set of aggregate prices and quantities {rp
t , qSec

t , pt, dt, Yt, Ct, At},
household policies ct(e, β, a), at+1(e, β, a), and a distribution of households over their state
variables D(e, β, a), such that:

(i) Households optimize their consumption-savings decisions given their budget con-
straint and rational expectations;

(ii) The distribution of households over idiosyncratic states evolves according to the
optimal household decisions and the underlying stochastic processes; and

(iii) Assets and goods markets clear.3

3 Goods market clearing requires Yt = Ct + Gt. By Walras’ law, this condition is sufficient to ensure
that both the asset and goods markets clear.
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5 Solution Method and Calibration

5.1 Sequence-Space Jacobian toolkit

The approach to solving the HANK model follows the Sequence-Space Jacobian
(SSJ) method proposed by Auclert et al. (2021). In particular, equilibrium in heterogenous-
agent models can often be characterized as the solution to a system of equations in the
sequence-space. The derivatives of equilibrium mappings between aggregate sequences
around the steady state represent the sequence-space Jacobians, which summarize all
features of the model relevant to general equilibrium.

The SSJ method involves computing the key Jacobians and then combining and
inverting them to derive the model’s full impulse response functions. According to Auclert
et al. (2021), the workflow implemented is as follows:

I. Define individual blocks and combine them into a model. These blocks represent
model’s equilibrium conditions, which are usually expressed in terms of the model’s
conceptual components — such as households, government, and market clearing
conditions. Each block receives a set of parameters and variables as input and
produces another set as output. Formally, equilibrium is expressed as a solution to a
nonlinear system:

F(X, Z) = 0

where X is the set of endogenous variables and Z is the set of exogenous variables.

II. Specify a directed acyclic graph (DAG) representation for the model4. By structuring
the model with a DAG, we reduce the full set of variables and equilibrium conditions
to the minimal collection of target equations and unknowns required to represent
the system. Thus, we obtained the reduced equilibrium system:

H(U, Z) = 0

where U is the set of unknowns. All remaining variables and equations can then be
expressed explicitly in terms of these unknowns and grouped into blocks.

4 In Appendix A, we describe the system of equilibrium equations and the DAG of our HANK model.
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III. Solve for the steady-state equilibrium of the model. The policy functions are computed
using the endogenous gridpoint method (EGM) of Carroll (2006). Then, we solve for
the steady-state distribution (forward iteration) and aggregate to obtain the macro
outcomes.

IV. Obtain the impulse responses of the model directly. Once we solve for the steady-state
equilibrium, we can compute the general equilibrium Jacobians

G = −H−1
U HZ

which fully characterize the linearized impulse responses of the model. For instance,
dC = GC,ZdZ gives the consumption response associated with any sequence of
exogenous shocks.

Furthermore, the SSJ toolbox of Auclert et al. (2021) provides an efficient algorithm
for computing T ×T Jacobians in a broad class of heterogeneous-agent models. The method
exploits time symmetries around the steady state, requiring only one backward and one
forward iteration to obtain all T columns. This contrasts with the direct approach, which
requires running the iteration separately for each date, i.e., T times.

5.2 Calibration

Since our basic HANK model with richer debt is an extension of the model of
Auclert et al. (2025), we closely follow their baseline calibration for the United States
economy. The model frequency is quarterly. Table 3 summarizes the calibrated parameters
and the corresponding steady-state outcomes of the base economy.

Table 3 – Baseline Calibration
Description Value Description Value

rss Real interest rate (annual) 2% (βL, βH) Discount Factors (quarterly) (0.91, 1.00)
A Assets to GDP (annual) 500% λ Share of patient 49%
B Bonds to GDP (annual) 100% q Prob. of new β draw (quarterly) 1%

M00 Income-weighted MPC (quarterly) 0.2 T Taxes to GDP 22%
G Government spending to GDP 20% πss Steady-state inflation 0
C Consumption to GDP 80% κ Quarterly NKPC slope 0.01
µ Markup 1.11 ϕ Taylor rule coefficient 1.5
δ Bond decay 0.95 v Frisch elasticity of labor supply 1
ζ Scale on labor disutility 0.875 z TFP growth rate 0

Note: The calibration of the portfolio weight vector (Ω) is defined in the Results section.
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Output and labor are normalized to Y = N = 1 (quarterly). The scale parameter

ζ in the labor disutility function, ν(Nt) = ζ
N

1+ 1
v

t

1+ 1
v

, is calibrated so that this normalization
is consistent with zero steady-state inflation, πss = 0. The Frisch elasticity of labor
supply is set to v = 1 and the labor productivity process, eit, is a discrete version of the
continuous-time income process described in Kaplan et al. (2018).

The time-discount factor β is also subject to idiosyncratic shocks. It follows a
two-state Markov process with β ∈ {βL, βH}, where βL represents the currently impatient
agents and βH > βH denotes the currently patient agents. The transition matrix is given
by

Π =
 (1 − q) + q(1 − λ) qλ

q(1 − λ) (1 − q) + qλ


The interpretation is as follows. In each period, agents keep their current discount

factor β with probability 1 − q. With probability q, they receive a new independent draw
of β, equal to βH with probability λ and βL with probability 1 − λ. By setting q = 0.01,
the expected time until a new draw of the discount factor β occurs is 1/q = 100 periods
(25 years), which can be interpreted as generational turnover.

The parameters βL, βH , and λ are calibrated to hit three targets: (i) asset market
clearing; (ii) income-weighted MPC of M00 = 0.2; and (iii) zero average gap between
the model’s Lorenz curve for wealth and the empirical Lorenz curve derived from the
2019 Survey of Consumer Finances (SCF). As depicted in Figure 6, the model’s wealth
distribution closely aligns with the overall empirical Lorenz curve. However, a slight
divergence from the data is observed, specifically a moderate understatement of the mass
in the intermediate wealth range and an underestimation of inequality at the extreme
right tail of the wealth distribution.

The wealth-to-GDP ratio is target to A/Y = 500% (annual), i.e., 2000% of quarterly
GDP assets. The government debt to GDP ratio is B/Y = 100%, the real interest rate
is r = 2%, and the government spending to GDP is set to G/Y = 20% (all in annual
terms). As a result, the tax-to-GDP ratio is equal to T

Y
= G

Y
+ r B

Y
= 22%, and the stock

market value to GDP is p
Y

= A
Y

− B
Y

= 400%. Since p
Y

= d/Y
r

= (1 − 1
µ
) (1−τ)

r
, the implied

steady-state markup is µ = 1.11.

The government bond decay parameter δ is set such that average duration is equal
to 20 periods (5 years). The (quarterly) slope of the Phillips curve is set to κ = 0.01, and
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the average discount factor is given by β = λβH + (1 − λ)βL ≈ 0.95. Monetary policy
follows a Taylor rule with policy response coefficient of ϕ = 1.5, standard in macroeconomic
literature.
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Figure 6 – Lorenz Curve: Model vs Data

5.3 Steady-State Objects

With the steady-state equilibrium established and the necessary Jacobians calcu-
lated, we are prepared to derive the linearized responses. Nevertheless, before presenting
the dynamic responses, we first summarize several key steady-state objects of our HANK
model.

The intertemporal marginal propensities to consume (iMPCs) are central objects
that link micro-level data on marginal propensities to consume with the general-equilibrium
responses to aggregate shocks (Auclert et al. (2024, 2025)). To define them in our frame-
work, first note that only two time-varying aggregate sequences matter for households’
intertemporal decisions in Equation (4.12): the path of ex-post returns rp

t and, since
nit = Nt, the path of post-tax labor income Zt ≡ (1 − τt)wtNt. At each date, household
policy functions, mapping (β, e, a) to consumption and asset choices, depend solely on these
sequences. Consequently, given the steady-state distribution at date 0, the cross-sectional
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distribution of states at all future dates is fully determined by these paths. This allows us
to express aggregate consumption as a function of {rp

t } and {Zt}.

From perfect competition in the mutual fund industry, we have that rp
t+1 = rSec

t for
all t ≥ 0, and so {rp

0, rp
1, rp

2, ...} = {rp
0, rSec

0 , rSec
1 , ...}, where the real return of the portfolio

of securities rSec
t is influenced by monetary authority, and the initial return rp

0 on total
assets is determined the equilibrium condition in Equation (4.11). Hence, we can define
the aggregate consumption function Ct as

Ct = Ct(rp
0, {rSec

t }, {Zt})

We then analyze derivatives of this function around a steady state in which
rp = rSec = r and Z are constant. Let dr ≡ 1

1+r
{dr0, dr1, ...}, dZ ≡ {dZ0, dZ1, ...},

dcap ≡ Adrp
0 be the first-order shocks to interest rates, after-tax income and capital gains,

respectively. The evolution of aggregate consumption dC ≡ {dC0, dC1, ...} is characterized
by

dC = Mrdr + MdZ + mdcap (5.1)

where Mr, M and m are matrices that describes the full dynamic responses of aggregate
consumption for each shock, i.e., the iMPCs of our model. In particular, Mts ≡ ∂Ct

∂Zs
captures

the effect of a change in after-tax labor income at time s on aggregate consumption at
time t. The matrix mt ≡ 1

A
∂Ct

∂rp
0

contains the iMPCs out of capital gains, and the sensitivity
of consumption to intertemporal interest rate movements is defined by M r

ts ≡ ∂Ct

∂rs/(1+r) .

Figure 7 presents the iMPCs with respect to labor income and capital gains in our
baseline HANK model. The left panel shows the aggregate consumption dynamic response
to a one-time labor income shock arriving at different quarters (Mt0, Mt10, Mt20, Mt30). As
emphasized by Auclert et al. (2024, 2025), the aggregate iMPC can be interpreted as a
weighted average of individual-level dynamic MPCs. Empirically, these MPCs tend to
be large on impact and remain elevated for several quarters, a pattern that our model is
able to reproduce. The right panel compares the iMPCs across income sources. While the
iMPCs out of labor income is sizable (M00 = 0.20) and decay over time, the iMPCs out of
capital gains is much smaller (m00 < 0.02) and remains essentially flat across horizons.
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Figure 7 – Intertemporal Marginal Propensities to Consume (iMPCs)

Figures 8 and 9 display the consumption and ‘savings’ (next-period assets) policy
functions, respectively. In particular, the contour plots illustrate how optimal choices vary
with current asset holdings and the time-discount factor β. Consumption increases with
assets and decreases with patience. More patient agents (high β) choose to save a larger
fraction of their resources, accumulating higher asset positions. Conversely, impatient
agents consume more of their given wealth and accumulate fewer assets. These patterns
are consistent with standard intertemporal smoothing behavior in macro models.
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Figure 9 – ‘Savings’ Policy Function (countour)

The steady-state distributions of consumption and assets are shown in Figures
10 and 11, respectively. Both distributions are highly right-skewed. Consumption is
concentrated at low levels for the majority of agents, with a long upper tail reflecting a
small fraction of high-consumption households. Moreover, most agents hold little wealth
(stocks and bonds), while a long right tail captures substantial wealth accumulation by a
small subset of households.
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Figure 10 – Steady-State Consumption Distribution
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6 Results

6.1 Different Shocks and Bonds

We first examine the dynamic responses of each type of bond separately, assuming
that public debt is issued exclusively in either nominal or real bonds, and at either short-
or long-term maturities5. In addition, we consider two types of shocks: an expansionary
monetary policy shock, characterized by a decline in the real interest rate, and a positive
productivity shock, represented by an increase in total factor productivity (TFP).

Figure 12 presents the impulse responses to a 25 basis-point decrease in the real
interest rate, which is modeled as an AR(1) process: drt = −1% · 0.9t (expressed in annual
terms). The valuation effect, represented by the bond’s price (q), yields interesting results.
As expected, the price of the real long-term bond increased the most, while the valuation
effect of the short-term bonds was negligible. The overall effect on the price of the nominal
long-term bond depends on two factors: the change in the real interest rate and how
inflation reacts to this change. Inflation responses are positive and very similar across all
debt profiles, with a minor difference in the path for real long-term debt. On one hand,
lower interest rates push up bond prices, but on the other hand, higher inflation diminishes
the value of nominal securities.

Different types of bonds are subject to distinct valuation effects, resulting in
heterogeneous capital gains and losses across debt profiles. At the same time, as the debtor,
the government incurs higher or lower debt servicing costs, as well as valuation effects on
both outstanding and newly issued liabilities. As a result, these movements put pressure
on the government budget. Since the government must obey to an intertemporal budget
constraint (budget balanced), fiscal adjustments are necessary. In our model, spending (G)
is kept constant, so these adjustments come exclusively from changes in taxes (T ). We can
rewrite government’s intertemporal budget constraint (Equation 4.18) as follows:

Tt = (1 + rp
t )Bt−1 − Bt + Gt (6.1)

Therefore, tax dynamics will be driven by the differential response between debt
service and the (real) value of the outstanding and newly issued debt. In other words,
5 That is, ωj = 1 for a given bond type j, and ωj′ = 0 for all j′ ̸= j in the portfolio weight vector (Ω).
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tax adjustments will take place to satisfy the intertemporal budget balance constraint
whenever the variations in the cost of servicing the debt are not matched by changes in
revaluation gains (outstanding debt) and/or refinancing gains (new debt issuance).
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Figure 12 – Impulse response functions to a monetary shock

For all four types of bonds, an expansionary monetary policy shock leads to a
negative tax response, meaning the decrease in real interest rates benefits the debtor
(government) more than the creditors (households). Since real long-term bonds lead to
the highest capital gains, there is less margin for the government to cut taxes compared
to other securities. Furthermore, longer maturities reduce the need to refinance debt
each period, which mitigates the impact of a monetary policy shock on the government
budget. Indeed, long-term real and nominal bonds lead to lower tax cuts compared to
their short-term counterparts. In an environment with higher inflation, the real return
on nominal securities decreases while the government, as the debtor, benefits from this
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revaluation. Consequently, tax cuts are greater for nominal bonds than for real securities
counterparts.

Valuation gains redistribute resources toward wealthy, low-MPC households, damp-
ening aggregate demand, while valuation losses have the opposite effect. On the other
hand, tax rate cuts benefit all households, especially those with a high-MPC, thereby
boosting aggregate consumption. Overall, the consumption response to a monetary shock
is positive, and tax dynamics seem to explain most of the differences in these responses
across debt profiles. Perhaps surprisingly, the consumption responses to nominal long-term
and real short-term debt are very close, as are their tax responses. As a robustness check,
Figures B1 and B3 in Appendix B present the dynamics responses for alternative debt
maturities (δ) and different values of the Phillips curve slope (κ).

Figure 13 reports the impulse responses to a 25 basis-point increase in the aggregate
productivity, which is also modeled as an AR(1) process: dzt = −1% · 0.9t (expressed in
annual terms). In this case, inflation and interest rates move in the same direction, yielding
different dynamics compared to monetary shock.

As expected, the increase in productivity leads to a decrease in inflation for all debt
profiles. Following a standard Taylor rule (Equation 4.20), the monetary authority reduces
interest rates. This is the best scenario for holders of nominal securities. Consequently, the
nominal long-term bond has the greatest valuation effect, with a price increase more than
twice that of the real long-term bond. Again, since the short-term bonds are modeled as
one-period bonds, the valuation effect on those assets is minimal.

The real value of government debt (B) naturally increases when interest rates and
inflation are low, and nominal debt profiles benefit more than real ones. Nevertheless,
the gains from revaluation and refinancing the nominal long-term debt are insufficient to
offset the debt’s servicing costs, given the huge capital gains (ex-post returns) from these
assets. Hence, to maintain the real cash flow owed by the government constant and satisfy
intertemporal balance, taxes are raised. For the nominal short-term and real short- and
long-term securities, we observe the opposite, and then taxes are cut. In an environment
with lower inflation, the real return on nominal securities increases, which is detrimental
to the government as the debtor. As a result, tax cuts are smaller for nominal bonds than
for their real securities counterparts.

Finally, the positive productivity shocks leads to an increase in aggregate consump-
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tion (C). Longer maturities reduce rollover requirements, which mitigates the impact of a
productivity shock on the government budget. At the same time, holders of government
bonds experience capital gains, which stimulates consumption. The net effect of longer
maturities is to dampen the consumption response to both real and nominal debt. As with
monetary shocks, tax dynamics seem to explain most of the differences in consumption
responses across debt profiles. To assess robustness, Figures B2 and B4 in Appendix B
report the dynamics responses for different debt maturities (δ) and alternative slopes of
the Phillips curve (κ).
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Figure 13 – Impulse response functions to a productivity shock

Most macroeconomic models assume that government debt is issued in real terms
as one-period bonds. Table 4 shows the ratios of the cumulative effects for each shock.
The cumulative effects are computed by summing the impulse response functions over
time, and the ratios are expressed relative to the real short-term debt benchmark. First,
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note that the ratios of real securities are the same for monetary and productivity shocks,
except in the case of inflation. This is reasonable since these assets only differ in maturity.
Therefore, the different inflation dynamics implied by each shock should not affect their
relative price responses, their relative impact on the government budget, and so on.

Table 4 – Cumulative IRFs Ratios across Shocks
Monetary Shock (drt = −0.25% · 0.9t) Productivity Shock (dzt = +0.25% · 0.9t)

Nom ST/Real ST LT Real/Real ST Nom LT/Real ST Nom ST/Real ST LT Real/Real ST Nom LT/Real ST
Consumption 1.023 0.844 1.011 0.958 0.844 0.565
Bond Price 0.014 122.533 -8.493 2.496 122.533 329.358
Inflation 1.004 0.965 0.996 1.006 1.023 1.059
Taxes 1.100 0.335 1.054 0.820 0.335 -0.862
Debt 0.014 6.706 -0.465 2.496 6.706 18.025

The ratios of nominal bonds in relation to short-term real bonds show significant
differences between monetary and productivity shocks. As expected, the ratios of cumulative
effect for the bond’s price is much higher in the case of a productivity shock, mainly due
to the lower inflation, as previously discussed. In addition, the ratios for taxes are closer
in the case of a monetary shock, reflecting the lower pressure on the government budget.
The redistribution through inflation and capital gains are reflected in the differences of
ratios of the cumulative effect for the aggregate consumption. In particular, a productivity
shock leads to a consumption response that is about 44% lower for nominal long-term debt.
Meanwhile, a monetary shock results in a cumulative response that is around 1% higher
for long-term nominal debt, relative to the cumulative response for short-term real debt.

The transmission mechanisms in HANK models are not trivial. For instance,
aggregate consumption is affected by multiple sources, such as interest rates, labor incomes,
capital gains, and fiscal responses, among others. Following Kaplan et al. (2018) and
Auclert (2019), we can decompose consumption response as follows:

dC = Mrdr︸ ︷︷ ︸
Direct interest rate effect

+ M
µ

dY︸ ︷︷ ︸
Labor income effect

+ −M
µ

dT︸ ︷︷ ︸
Govt transfer effect︸ ︷︷ ︸

iMPCs out of labor income

+ mdcap︸ ︷︷ ︸
Capital gain effect

(6.2)

where we rewrite Equation (5.1) and, using the equilibrium values for dr, dY, dT, and
dcap, obtain each term on the right-hand side of this decomposition (c.f. Auclert et al.,
2025).

To highlight the determinants that most explain the differences observed in the
consumption responses across debt profiles, we decompose the consumption response for
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each bond separately. Then, we subtract each term on the right-hand side of Equation (6.2)
for bonds with the same maturity but different indexation (e.g., Nominal ST − Real ST),
as well as for bonds with the same indexation but different maturities (e.g., Real ST −
Real LT). Figures 14 and 15 present the decompositions of these differences for monetary
and productivity shocks, respectively. The full decomposition of the consumption response
for each type of bond is shown in Figures B5 and B6 in Appendix B.
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Figure 14 – Decomposition of differences in consumption responses (Monetary Shock)
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Figure 15 – Decomposition of differences in consumption responses (Productivity Shock)
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The indirect effects of taxes account for most of the observed differences in con-
sumption impulse responses across government bonds, for both monetary and productivity
shocks. Furthermore, the labor income effect is the second most significant channel. Initially,
it has a notable impact that slowly declines, which is consistent with the pattern observed
for the iMPCs out of labor income (Figure 7). Differences in capital gains also play an
important role, with a relatively constant impact over time, in line with the flat profile of
iMPCs derived from capital income. Finally, the interest rate effects account for an almost
negligible share of the differences in consumption responses across debt profiles. Therefore,
general equilibrium effects are dominant for both monetary and productivity shocks.

6.2 Alternative Fiscal Rules

So far, we have assumed that the default fiscal rule in response to shocks is

Bt

qSec
t

− Bss

qSecss = 0,

that is, the government endogenously determines the path of Bt, and thus indirectly solves
for the tax rate, such that the real value paid out at t + 1 is constant.

The default fiscal rule can be interpreted as a very rapid fiscal adjustment that
stabilizes public debt service in real terms. In practice, fiscal policy may be more flexible,
either by adjusting more gradually or by targeting variables other than real debt service.
In this sense, we consider three alternative fiscal rules6:

(a) Constant value of government debt (B): the government sets the desired path of
end-of-period debt value, Bt, and indirectly solves for the tax rate, such that the
real value of the outstanding debt remains constant, that is,

Bt − Bss = 0.

(b) Slow fiscal adjustment: the government implements a slow-moving fiscal rule that
gradually adjusts taxes in response to changes in public debt. Following Auclert et al.
(2025), tax revenue is adjusted each period according to

Tt − T ss = 0.02(Bt−1 − Bss).
6 In Appendix B, we examine an additional fiscal rule targeting a constant debt-to-GDP ratio: Bt/Yt −

Bss/Y ss = 0.
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(c) Tax the richest at the margin: the government follows the default fiscal rule of keeping
the real debt service constant. However, the fiscal adjustments through tax changes
only apply to households in the highest-income state.

Figures 16 and 17 show the impulse responses of consumption under different fiscal
rules for monetary and productivity shocks, respectively. Imposing a fiscal rule that targets
a constant value of government debt (B) requires that all variations in ex-post returns be
balanced by tax adjustments. In particular, we can rewrite Equation (6.1) as follows

Tt = (1 + rp
t )Bss − Bss + Gt

= rp
t · Bss + Gt

Since government spending (G) is held constant, we have that ∆Tt = ∆rp
t · Bss. Indeed,

differences in valuation effects across debt profiles are reflected in consumption responses.
Specifically, the stronger valuation effects on real long-term debt following a monetary
shock and on nominal long-term debt following a productivity shock, lead to sudden and
substantial tax increases. As a result, the respective consumption responses are significantly
dampened compared to our baseline fiscal rule. In the case of nominal long-term debt, a
positive productivity shock even translates into a negative consumption response in the
first quarters, driven by sharp tax increases.

The slow-moving fiscal rule leads to a softer consumption response for all debt
profiles in both monetary and productivity shocks. Furthermore, the differences in the
impulse responses between government bonds are smaller, especially in the first quarters.
As we saw previously, the indirect effects of taxes account for most of these differences.
Hence, imposing a gradual adjustment of taxes over time naturally dampens the effects
of heterogeneous ex-post returns on the government budget and, thereby, on aggregate
consumption. In other words, the impact of distinct revaluation and refinancing gains
across debt profiles is softened through a slow tax adjustment.

In our HANK model, an aggregate change in taxes affects everyone’s after-tax
income by the same proportion (∆τ), and therefore does not generate any redistribution
through this channel. However, when tax changes are levied at the margin on the richest
households, a new redistribution channel emerges that can either amplify or dampen
aggregate outcomes.
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Figure 16 – Consumption responses under different fiscal rules (Monetary Shock)
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Figure 17 – Consumption responses under different fiscal rules (Productivity Shock)
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As discussed previously, an expansionary monetary shock results in tax cuts for all
debt profiles, as well as for a positive productivity shock, except for nominal long-term
debt. Since these tax cuts only apply to the highest earners, who have lower MPCs out of
the tax cut, the consumption response is lower compared to our default fiscal rule. When
taxes are raised at the margin – for example, under nominal long-term debt following a
positive productivity shock – resources are redistributed toward poorer agents with higher
MPCs, thereby amplifying the consumption response. Furthermore, since aggregate tax
changes play a central role in shaping consumption dynamics, limiting tax adjustments
naturally leads to more homogeneous consumption responses across debt profiles.

Tables 5 and 6 report the ratios of the cumulative effects across fiscal rules for
monetary and productivity shocks, respectively. Again, these ratios are expressed relative
to the real short-term debt benchmark. In general, the variations in the cumulative effects
for the aggregate consumption are smaller under alternative fiscal rules than under our
baseline fiscal response. Nevertheless, important differences remain in the relative effects
across debt profiles, particularly for real long-term debt following a monetary shock and
for nominal long-term debt following a productivity shock. For instance, the slow fiscal
adjustment rule yields a cumulative consumption response that is about 10% lower for
real long-term debt and around 26% lower for nominal long-term debt.

The ratios of cumulative effects for inflation also yield interesting results, especially
for long-term securities. Following a monetary shock, the fiscal rules of constant debt (B)
and marginal taxation of the richest lead to positive inflation responses that are about
10% and 12% lower, respectively, for real long-term debt. By contrast, a productivity
shock yields negative inflation responses that are roughly 19% and 27% higher for nominal
long-term debt relative to the real short-term debt benchmark. These amplifications
and dampenings of the relative inflation response are driven by different mechanisms:
sudden and substantial tax adjustments under the constant-debt fiscal rule, and a new
redistribution channel implied by taxing the richest households at the margin.

Overall, the results show that not only the fiscal design embodied in government
debt structure – through its composition and maturity – matters for the aggregate and
distributional effects of macroeconomic shocks, but also that the nature of fiscal rules
plays a crucial role in shaping macroeconomic outcomes, either amplifying or dampening
their effects.
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Table 5 – Cumulative IRFs Ratios across Fiscal Rules (Monetary Shock)
Ratio B/q Constant (Baseline) Total Debt (B) Constant

Nom ST/Real ST LT Real/Real ST Nom LT/Real ST Nom ST/Real ST LT Real/Real ST Nom LT/Real ST
Consumption 1.023 0.844 1.011 1.023 0.841 1.013
Bond Price 0.014 122.533 -8.493 0.015 125.036 -9.381
Inflation 1.004 0.965 0.996 1.014 0.903 1.008
Taxes 1.100 0.335 1.054 1.091 0.366 1.050
Debt 0.014 6.706 -0.465 – – –

Slow Fiscal Adjustment Taxes on Richest
Nom ST/Real ST LT Real/Real ST Nom LT/Real ST Nom ST/Real ST LT Real/Real ST Nom LT/Real ST

Consumption 1.015 0.902 0.998 1.005 0.947 0.979
Bond Price 0.205 122.539 35.555 -0.286 128.155 -68.247
Inflation 0.995 1.035 1.001 1.017 0.881 1.001
Taxes 1.121 0.193 0.981 – – –
Debt 1.120 0.199 0.981 -0.286 7.013 -3.735

Table 6 – Cumulative IRFs Ratios across Fiscal Rules (Productivity Shock)
Ratio B/q Constant (Baseline) Total Debt (B) Constant

Nom ST/Real ST LT Real/Real ST Nom LT/Real ST Nom ST/Real ST LT Real/Real ST Nom LT/Real ST
Consumption 0.958 0.844 0.565 0.959 0.841 0.507
Bond Price 2.496 122.533 329.358 2.524 125.036 349.128
Inflation 1.006 1.023 1.059 1.016 1.062 1.192
Taxes 0.820 0.335 -0.862 0.836 0.366 -0.966
Debt 2.496 6.706 18.025 – – –

Slow Fiscal Adjustment Taxes on Richest
Nom ST/Real ST LT Real/Real ST Nom LT/Real ST Nom ST/Real ST LT Real/Real ST Nom LT/Real ST

Consumption 0.974 0.902 0.736 0.985 0.947 0.877
Bond Price 2.507 122.539 289.902 2.514 128.155 409.528
Inflation 0.995 0.981 0.950 1.027 1.099 1.272
Taxes 0.786 0.193 -1.186 – – –
Debt 0.788 0.199 -1.168 2.514 7.013 22.412

6.3 Investment Fund

Now, we implement our investment fund strategy to incorporate a richer debt
structure into the economy. Specifically, we calibrate the portfolio weight vector, Ω =
(ωST,R, ωST,N , ωLT,R, ωLT,N), to simulate the debt composition of the United States and
Brazil. As detailed in Chapter 3, nominal fixed-rate instruments represent over 90% of
outstanding U.S. government securities, while floating-rate instruments, such as inflation-
indexed bonds, rarely exceed 10%. In contrast, Brazil’s public debt is heavily weighted
toward floating-rate instruments, which account for nearly 70% of outstanding debt, with
price-indexed securities making up about 25%. Thus, we set the portfolio’s weight vector
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as follows:

ΩUSA : ωST,R = 0, ωST,N = 0.20, ωLT,R = 0.10, ωLT,N = 0.70

ΩBRA : ωST,R = 0, ωST,N = 0.50, ωLT,R = 0.25, ωLT,N = 0.25

and maintain the baseline calibration in Table 3, including the bond decay parameter
(δ). For United States, the share of nominal short-term debt, ωST,N , reflects the share of
Treasury bills, which are zero-coupon government securities with very short maturities
ranging from four to 52 weeks. In the Brazilian case, we treat the interest rate-linked
securities as nominal short-term bonds since their coupon payments adjust directly with
the policy rate, closely tracking nominal interest rate movements.

As in the previous section, we consider a monetary shock, drt = −1% · 0.9t, and a
productivity shock, dzt = −1% · 0.9t. The dynamics responses under the baseline fiscal rule
are shown in Figures 18 and 19, respectively. Before analyzing the results, an important
observation must be made. We are not comparing two different economies, but rather the
same economy with different compositions of public debt. Our HANK model is calibrated
to fit U.S. economic data. This study evaluates how the model’s results change when the
U.S. debt structure is replaced with alternative compositions, such as Brazil’s, which relies
heavily on floating-rate instruments.

As expected, the monetary policy shock leads to an increase in inflation for both
debt compositions. Due to the greater share of real long-term debt, the price of Brazil’s
securities portfolio rises more than that of the U.S. portfolio. Differences in ex-post returns
across securities portfolios are reflected in the responses of the value of government debt
and in the associated tax cuts. Specifically, we observe a lower tax cut for Brazil’s debt
composition, which results in a relative lower increase in aggregate consumption.
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Figure 18 – Dynamic responses for U.S. and Brazilian debt compositions (Monetary Shock)

The dynamic responses are quite different in the case of a productivity shock. The
greater share of nominal long-term bonds in United States public debt leads to a greater
valuation effect on the price of the securities portfolio. The gains from revaluation and
refinancing the public debt are insufficient to offset servicing costs, so taxes are raised for
both debt compositions. In particular, we have a higher tax increase for United States
debt composition, which leads to a relative lower increase in aggregate consumption.
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Figure 19 – Dynamic responses for U.S. and Brazilian debt compositions (Productivity
Shock)

Table 7 summarizes the ratios (Brazil/United States) of the cumulative effects
across fiscal rules for monetary and productivity shocks. First, note that the cumulative
effect of inflation is very close between Brazil and the U.S. debt compositions for monetary
and productivity shocks, especially under default and slow-moving fiscal rules. The ratios
of cumulative response for consumption, however, differ substantially across shocks and
fiscal rules responses. Under our baseline calibration for the U.S. economy, shifting the
public debt composition to resemble Brazil’s yields a cumulative response that are about
6% and 4% lower following a monetary shock under default and slow-moving fiscal rules,
respectively. Following a productivity shock, the corresponding cumulative consumption
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responses are around 19% and 9% higher.

Table 7 – Cumulative IRFs Ratios (Brazil/United States) across Fiscal Rules
Ratio (B/q) Constant (Baseline) Total Debt (B) Constant

Monetary Shock Productivity Shock Monetary Shock Productivity Shock

Consumption 0.941 1.187 0.937 1.250
Securities Portfolio Price 4.194 0.463 4.257 0.456
Inflation 0.989 0.986 0.962 0.953
Taxes 0.740 0.293 0.743 0.262
Debt 6.448 0.713 – –

Slow Fiscal Adjustment Taxes on Richest
Monetary Shock Productivity Shock Monetary Shock Productivity Shock

Consumption 0.967 1.088 0.991 1.029
Securities Portfolio Price 1.062 0.489 -0.600 0.432
Inflation 1.012 1.013 0.959 0.944
Taxes 0.697 0.442 – –
Debt 0.700 0.438 -0.923 0.664

In general, differences in government debt structures among countries can lead to
significant variations in distributional effects and macroeconomic outcomes, particularly
between advanced and emerging market economies. Depending on the type of shock – such
as a monetary or productivity shock – and the associated monetary and fiscal responses,
these differences may amplify or dampen distributional and transmission mechanisms,
thereby widening or narrowing the cross-country responses of consumption and inflation.
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7 Conclusion

In standard macroeconomic models, government debt is modeled simply, with most
of frameworks typically assuming real, one-period debt. In practice, however, the structure
of public debt is heterogeneous across economies in terms of both composition and maturity.
This paper extends the HANK model proposed by Auclert et al. (2025) to incorporate
a richer government debt structure that includes short- and long-term bonds, as well as
real and nominal securities. We then study the transmission and distributional effects of
macroeconomic shocks across alternative debt structures within the HANK framework.

The main finding is that different types of bonds exert distinct pressures on the
government budget due to heterogeneous valuation effects. Depending on the nature of
the shock, households may experience capital gains or losses on their bond portfolios. At
the same time, as the debtor, the government incurs higher or lower debt servicing costs,
as well as valuation effects on both outstanding and newly issued liabilities. Since the
government is required to satisfy an intertemporal budget constraint (budget balanced),
fiscal adjustments are necessary. In our model, spending (G) is kept constant, so these
adjustments come exclusively from changes in taxes (T ).

Inflation dynamics shape the relative ex-post returns between nominal and real
bonds. In an environment with higher inflation – e.g., following an expansionary monetary
shock – the real return on nominal securities decreases, while the government, as the
debtor, benefits from this revaluation. Hence, tax cuts are greater for nominal bonds than
for real securities counterparts. By contrast, with lower inflation – e.g., following a positive
productivity shock – the real return on nominal securities increases, implying relatively
larger tax cuts for real bonds than for nominal counterparts.

Longer maturities reduce the need to refinance debt each period, which mitigates
the impact of a shocks on the government budget. At the same time, valuation effects
are more pronounced for long-term securities, amplifying capital gains and losses. In
particular, valuation gains redistribute resources toward wealthy, low-MPC households,
dampening aggregate demand, while valuation losses have the opposite effect. Overall, the
indirect effects of tax rate adjustments account for most of the differences in consumption
responses across government bonds, while labor income and capital gains channels also
contribute meaningfully. Relative to the real short-term debt benchmark, the cumulative
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aggregate consumption response to a monetary shock is about 16% lower under real long-
term debt and about 1% higher under nominal long-term debt. Following a productivity
shock, the corresponding effects are about 16% and 44% lower, respectively, reflecting the
heterogeneous valuations effects of these assets.

The nature of fiscal policy responses to shocks plays a crucial role in shaping
aggregate and distributional effects across different debt structures. In our baseline, the
government adjusts the tax rate to keep public debt service constant in real terms.
Alternative fiscal rules – such as targeting a constant level of government debt (B),
restricting tax adjustments to the richest households, or implementing tax changes more
gradually – can amplify or dampen heterogeneous valuation effects across distinct debt
profiles, and thus in shaping the transmission of macroeconomic shocks. For example, the
slow fiscal adjustment rule yields a cumulative consumption response to a productivity
shock that is about 10% lower for real long-term debt and around 26% lower for nominal
long-term debt relative to real short-term debt.

Overall, this paper underscores that government debt composition and maturity
matter for the aggregate and distributional effects of macroeconomic shocks. Different debt
structures are subject to heterogeneous valuation effects that affect not only households
but also the government budget. Depending on the type of shock – such as a monetary or
productivity shock – and the associated fiscal policy responses, these valuation effects may
be amplified or dampened, resulting in different aggregate and distributional outcomes in
the economy.
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APPENDIX A – Equilibrium Conditions

The equilibrium conditions of our HANK model can be summarized as a solution
to a nonlinear system:

F(X, Z) =


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Ct
· 1+z

µ

)
+ βπt+1 − (1 − β)z − πt
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t
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rSec
t − rp
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At({rp
t , wt, τt}) − p − B



= 0

where the set of endogenous (X) and exogenous (Z) variables are

X = (Y, N, C, w, τ, d, B, i, r, π, rSec, rp, qST,R, qST,N , qLT,R, qLT,N , qSec, p), Z = (rss, z, µ)

The asset demand function {A} follows from the household block with Bellman equation

Vt(eit, βit, ait−1) = max
cit,ait

log(cit) − ζ
N

1+ 1
v

t

1 + 1
v

+ βitEt[Vt+1(eit+1, βit+1, ait) | eit, βit]


s.t. cit + ait = (1 + rp

t )ait−1 + (1 − τt)wteitNt,

ait ≥ 0

Figure A1 shows the directed acyclic graph (DAG) representation for the HANK
model with a richer debt. In particular, we can think of the model as a DAG with three
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endogenous inputs and write it as an implicit function:

H(Y, π, B; rss, z) = 0

Figure A1 – Directed acyclic graph (DAG) of the HANK model with richer debt



60

APPENDIX B – Tables and Figures

Figures B1 and B2 show the impulse responses across alternative debt maturities
(δ) for monetary and productivity shocks, respectively. Recall that the parameter δ ∈ (0, 1)
captures the decay rate of long-term bonds. Lower values of δ correspond to shorter
effective maturities, while higher values imply longer maturities.
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Figure B1 – Robustness across alternative debt maturities (Monetary Shock)
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Figure B2 – Robustness across alternative debt maturities (Productivity Shock)

Indeed, with δ = 0.5, the dynamic responses of nominal and real long-term securities
are more similar to their short-term counterparts. In contrast, when δ = 0.99, valuation
effects become more pronounced, amplifying capital gains and redistributing resources
toward low-MPC households. Simultaneously, these stronger valuation effects increase
pressure on the government budget, requiring smaller tax cuts or, in some cases, higher
taxes to satisfy the intertemporal budget constraint. As a result, the respective consumption
responses are significantly dampened.

Figures B3 and B4 present the impulse responses under alternative Phillips curve
slopes (κ) for monetary and productivity shocks, respectively. A lower value of κ implies
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greater nominal rigidities and a weaker inflation response to marginal costs, while a higher
κ corresponds to more flexible prices and a stronger inflation reaction to real activity.
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Figure B3 – Robustness under alternative Phillips curve slopes (Monetary Shock)

In fact, an expansionary monetary shock results in a smaller increase in inflation
when κ = 0.005, and a larger increase when κ = 0.02. Inflation dynamics, in turn, directly
shape the price response of nominal long-term bonds. Under the baseline calibration
(κ = 0.01), rising inflation almost entirely offsets the positive effect of a decline in the real
interest rate on bond prices, rendering the valuation effect on nominal long-term bonds
nearly negligible. A lower value of κ results in a markedly positive valuation effect due to
smaller inflation, whereas a higher value of κ implies the opposite outcome. As expected,
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greater nominal rigidities result in higher aggregate consumption responses across debt
profiles for monetary and productivity shocks.
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Figure B4 – Robustness under alternative Phillips curve slopes (Productivity Shock)

Figures B5 and B6 display the full consumption decompositions for monetary
and productivity shocks, respectively. In addition to providing a clearer picture of the
consumption decomposition for each type of bond, we can observe the interest rate effect
behavior over time. For all governments bonds, the interest rate effect is positive initially
and negative later on, reflecting intertemporal substitution in response to lower rates, as
well as a negative income effect.
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Figure B5 – Full consumption decompositions (Monetary Shock)
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Figure B6 – Full consumption decompositions (Productivity Shock)
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Finally, we analyze an alternative fiscal rule that targets a constant debt-to-GDP
ratio: Bt/Yt − Bss/Y ss = 0. Since government spending (G) is kept constant, any changes
in aggregate consumption directly translate into output fluctuations. To satisfy the fiscal
rule, these consumption movements must be offset by endogenous tax adjustments, which
directly affect households’ disposable income and, in turn, feed back into consumption
dynamics. As a result, the impulse response functions are no longer smooth and instead
exhibit pronounced kinks, as highlighted in Figure B7.
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Figure B7 – Consumption responses under constant debt-to-GDP fiscal rule

Table B1 reports the ratios of the cumulative effects under constant debt-to-GDP
fiscal rule for monetary and productivity shocks. As with other fiscal rules, there are
still important differences in the relative effects across debt profiles. Surprisingly, the
cumulative effects on aggregate consumption are very close to those obtained under our
baseline fiscal rule: Bt/qt − Bss/qss = 0.

Table B1 – Cumulative IRFs Ratios under constant debt-to-GDP fiscal rule
Monetary Shock (drt = −0.25% · 0.9t) Productivity Shock (dzt = +0.25% · 0.9t)

Nom ST/Real ST LT Real/Real ST Nom LT/Real ST Nom ST/Real ST LT Real/Real ST Nom LT/Real ST
Consumption 1.022 0.853 1.063 0.959 0.853 0.525
Bond Price -0.202 128.752 -24.063 2.495 128.752 364.926
Inflation 1.016 0.892 1.046 1.023 1.084 1.271
Taxes 1.094 0.357 1.276 0.820 0.357 -1.073
Debt 1.022 0.853 1.063 0.959 0.853 0.525
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