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Abstract

How does public debt matter for price stability? If it is useful for the private sector to

insure idiosyncratic risk, government debt expansions can increase the natural rate of

interest and create inflation. As I demonstrate using a tractable model, this holds in

the presence of an active Taylor rule and does not require the absence of future fiscal

consolidation. Further analysis using a full-blown 2-asset HANK model reveals the

quantitative magnitude of the mechanism to crucially depend on the structure of the

asset market: under standard assumptions, the effect of public debt on the natural

rate is either overly strong or overly weak. Employing a parsimonious way to overcome

this issue, my framework suggests relevant effects of public debt on inflation under

active monetary policy: In particular, persistently elevated public debt may make it

harder to go the “last mile of disinflation” unless central banks explicitly take its effect

on the neutral rate into account.
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1 Introduction

In the aftermath of the Covid-19 pandemic as well as the economic fallout following Rus-

sia’s invasion of Ukraine, public debt levels have risen to historic highs in many advanced

countries. Should central banks be concerned about this? In standard macroeconomic

models, Ricardian Equivalence suggest that they should only if said debt is “unfunded”,

i.e. not backed by future government revenue. In the words of ECB board member Schn-

abel (2022), “if governments do not credibly signal their commitment to responsible fiscal

policies, the private sector may eventually expect that higher inflation is needed to ensure

the sustainability of public debt”. But if the debt is expected to be eventually paid back

by budget surpluses at some point in the future, it doesn’t need to affect the conduct of

their policies. Arguably, potential support for this notion may be lent by the observation

that conventional monetary policy appears to have been broadly successful in reigning in

the recently high inflation, although concerns remain that “the disinflation process during

the last mile will be more uncertain, slower and bumpier” (Schnabel, 2023).

However, things get more complex if government bonds have additional value for the pri-

vate sector, e.g. as a means of insurance against idiosyncratic risk. In that case, the

amount of public debt will generally affect the inflation-neutral interest rate, as it imper-

fectly crowds out private demand and induces households to require a higher real return

if they are to hold more government debt. Thus, if a central bank pursues an interest

rate rule satisfying the Taylor principle, this can create inflation even if a country’s fiscal

authority is committed to raise enough surpluses to eventually pay back the debt (i.e. it

is “funded”). All that is needed for this is the monetary authority not (or imperfectly)

adjusting its reaction function in response to the government debt expansion.1

I first establish these results using a tractable New Keynesian model enriched with idiosyn-

cratic income risk. As obtaining analytical results for such models is notoriously difficult

in the presence of a positive net supply of assets, this framework naturally relies on many

simplistic assumptions, such as households being ex-ante identical and subject to income

risk only in a single period. However, this simplicity also has the virtue of clarifying that

the mechanism does not rely on fiscal policy inducing any ex-ante redistribution towards

constrained households, a channel that received substantial attention by the recent litera-

ture on Heterogeneous Agents New Keynesian (HANK) models. Additional assumptions

elucidate that it does neither require the government to consume the resources it acquires

through issuing debt nor is it relying on distortionary taxation to consolidate its finances,

both of which could also affect inflation in Ricardian models. Furthermore, it is consistent

with the fiscal authority being committed to raise any amount of surplus necessary to pay

back its debt.

Naturally, the analytical insights beget the question to what extent they may be quanti-

1It is worth emphasizing that this does not mean the central bank not reacting at all. Indeed, I

will always allow the monetary authority to react according to an interest rate rule satisfying the Taylor

principle.
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tatively relevant. As their general equilibrium nature precludes empirical identification, I

approach this issue by relying on a calibrated 2-asset HANK model, in which households

require liquid assets to insure themselves against skill-, unemployment- as well as business

risk but also have access to illiquid capital assets yielding higher returns.

The calibrated framework matches well various micro-data moments emphasized by the

recent literature, such as a fairly realistic income- and wealth distribution as well as em-

pirically credible Marginal Propensities to Consume (MPCs). However, under standard

assumptions on the asset markets, it is not able to generate a relation between government

debt supply and real interest rates of a magnitude in line with various empirical findings:

If liquid and illiquid assets are traded on segmented markets, as e.g. in Kaplan et al. (2018)

or Bayer et al. (forthcoming), then a higher government debt supply yields much stronger

increases in liquid bond rates. In contrast, if both bonds and capital can be freely held

either as liquid or illiquid asset, as e.g. in Auclert et al. (2020, 2023), then more public

debt is associated with a much weaker rise in rates. Intuitively, if the private sector has

access to assets with superior returns to satisfy its longer-term savings needs, substantially

higher rates are necessary for it to be willing to hold a correspondingly higher amount of

liquid assets. But if the additional government debt may just crowd out a fraction of the

much larger (illiquid) aggregate capital stock, its impact on equilibrium interest rates will

be very limited.

Nevertheless, I demonstrate that set-ups in which capital can imperfectly serve for liquid-

ity provision can resolve the tension. While important for my results on inflation, this

finding should be of independent interest for other work analyzing fiscal policy using het-

erogeneous agents models: Getting consumption behavior as well as the effects of fiscal

expansions on government financing costs right seems clearly desirable for such exercises.

Armed with the suitably calibrated model, I first analyze how fiscal policy affects the time

path of inflation in response to an inflationary supply shock. This is interesting not only

because such shocks were argued to be an important factor behind the recent inflation

experience, but also helpful to pin down the mechanism at hand, as such shocks tend to

generate similar real responses for both HANK- and more conventional models (Kaplan

and Violante, 2018). Nevertheless, I find that a public debt expansion in the aftermath of

an adverse supply shock can exert noticeable though moderate effects on inflation for the

HANK model but not in Representative (RA)- or Two Agent (TA)- frameworks lacking

idiosyncratic risk. In particular, if the debt level remains persistently elevated, inflation

can remain elevated as well and going the “last mile of disinflation” take a long time.

Comparisons with an alternative fiscal rule as well as said RA- and TA- versions of the

model strongly suggest that this is indeed due to the same mechanism as in the analytical

model. I also demonstrate that these insights are similarly relevant for the inflationary

effects to expansionary fiscal shocks, another purported driver of recent price level dynam-

ics.

Still, since the 2-asset HANK model does not feature fiscal dominance, such an outcome
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is not set in stone but dependent on the conduct of monetary policy: For example, more

“hawkish” central bank reactions can still speed up the disinflation process at the cost of

less favorable real dynamics. However, my framework suggests that a central bank explic-

itly taking into account the “neutral rate” pressure generated by public debt can achieve

faster disinflation at lower costs in terms of aggregate consumption and unemployment.

1.1 Related Literature

On the one hand, the paper connects to a long tradition in macroeconomics studying

monetary-fiscal policy interactions, going back to the seminal works of Sargent andWallace

(1981) and Leeper (1991). Leeper and Leith (2016) and Cochrane (2023) offer summaries

of this literature, including its modern incarnation as Fiscal Theory of the Price Level

(FTPL). Notable recent contributions include the work by Bianchi et al. (2023), who find

fiscal policy important to explain inflation persistence in the US, as well as Kaplan et al.

(2023), who study FTPL in a heterogeneous agent setting featuring uninsurable idiosyn-

cratic risk. As already indicated above, most these works differ from mine in that they

focus on the effects of unfunded government debt (i.e. not backed by future surpluses).

On the other hand, my paper is part of the sprawling HANK literature: In addition to

the already mentioned papers, my work naturally relates to other works studying fiscal

policy: The work of Bayer et al. (2023a) is particularly related in that it emphasizes the

effects of expansionary fiscal policy on the relative return of different assets and uses a

two-asset model with many similar features as mine. However, it mostly focuses on real

outcomes and does not analyze the role of the asset market structure. Similarly, other

HANK research on fiscal policy such as Hagedorn et al. (2019) or Seidl and Seyrich (2023)

mostly restrict attention to its real effects.

Moreover, a few other studies have also noticed the importance of the asset market in

quantitative HANK models: Dominguez Diaz (2021) finds model responses to a shock to

households’ income uncertainty to depend substantially on whether financial intermedi-

aries face constraints in the provision of liquid assets. However, he does not consider a role

for government debt. Chiang and Żoch (2023) similarly study a HANK model with explicit

financial intermediation, which they calibrate using bank balance sheet data. Comparing

this structure with alternative settings, they also find the structure of the asset market

to be important for the aggregate effects of policy shocks. However, they do not consider

inflation as an outcome and find only limited impact of the asset market structure for poli-

cies not targeted at the financial sector, presumably due their different modelling choices.2

Of course, my work also relates to studies analyzing fiscal policy in other settings devi-

ating from Ricardian Equivalence. In particular, related inflationary effects of “funded”

government debt were also noticed by Ascari and Rankin (2013) and Aguiar et al. (2023)

2For instance, they assume the real interest rate on liquid assets is held fixed by the central bank, while

the effect of government debt on the former is an important driver of my results.
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in the context of Overlapping Generations (OLG)-models with nominal rigidities. Given

their different frameworks and focus, I view their work as complementary to mine.

The remainder of the paper is structured as follows: Section 2 presents the tractable

New Keynesian model enriched with income risk, derives the results referred to above and

discusses some empirical considerations regarding the relationship between public debt

and (liquid asset) interest rates. Section 3 then presents the 2-asset HANK model used

for the quantitative analysis, the calibration of which is detailed in Section 4. Section 5

studies the model response to an adverse TFP shock, isolating the inflationary pressure

from government debt through comparisons with alternative model versions. The resulting

insights are then applied to fiscal policy shocks in Section 6 before Section 7 analyzes how

alternative monetary policy rules can counteract the inflationary effects of government

debt. Ultimately, Section 8 discusses various robustness checks before Section 9 concludes.

2 An Analytical Model

This section presents a simple New Keynesian model enriched with idiosyncratic income

risk, in which it is possible to analytically characterize the mechanism mentioned above.

2.1 Model setup

Time is discrete and runs forever, starting from t = 0. There is no aggregate uncertainty,

but households face idiosyncratic income risk as specified below.

2.1.1 Households

The model is inhabited by a unit mass of ex-ante identical households (also referred to as

“agents” below), which gain utility from consumption and leisure according to the utility

function

E0

∞∑
t=0

βt [log(cit) + γ log(1−Nit)] ,

where Nit denotes time worked. The period felicity function corresponds to the same

analytically convenient balanced growth preferences as used by Aguiar et al. (2023). Fur-

thermore, it is assumed that in t = 0, each individual has the same labor productivity

z0 = 1, i.e. they supply one efficiency unit of labor per unit of time worked.

Between periods 0 and 1, and at that time only, households face idiosyncratic income risk.

In particular, they transition to a state of high labor productivity zh > 1 with probability

ρh and to a state of low labor productivity zl < 1 with probability ρl = 1−ρh. These labor
productivities remain fixed for t ≥ 1 onwards, so as of that time, there will be a fraction
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ρh of “high productivity” households and a fraction ρl of “low productivity” households.

For tractability, I restrict

ρhzh + (1− ρh)zl = 1 , (1)

so that the economy’s average labor productivity is not affected by the time 0 risk.

In any period, a household with productivity i ∈ {h, l} faces the budget constraint

Ptwtz
iN i

t + (1 + it)Bt−1 + PtTt = Ptct + Ptztτt +Bt ,

which can be stated in real terms as

wtztN
i
t +

1 + it
πt

bt−1 + Tt = ct + ztτt + bt (2)

where bt := Bit/Pt and πt := Pt/Pt−1. Pt denotes the current price level, wt the real wage

and T lump-sum transfers from the government. Bt denotes holdings of nominal bonds

that each yield a gross nominal return of 1 + it. Additionally, the government may levy a

non-distortionary tax proportional to individual labor productivity, which is denoted by

τ . I additionally impose that in period 0, each household starts out without any bonds,

i.e. B−1 = 0: This is not only analytically convenient, but also clarifies that, unlike for the

FTPL, none of the results derived here rely on “surprise” asset revaluations (cf. Niepelt,

2004).

2.1.2 Final good firms

The economy’s final good is produced by a representative firm, which combines interme-

diate goods yt(j) according to the following CES production function:

Yt =

[∫ 1

0
yt(j)

ϵ−1
ϵ dj

] ϵ
ϵ−1

(3)

Taking prices of intermediate goods pt(j) as given, the firm’s optimization problem implies

it will demand yt(j) according the familiar demand structure

yt(j) =

[
pt(j)

Pt

]−ϵ
Yt , (4)

resulting in the price of its final good to be

Pt =

[∫ 1

0
pt(j)

1−ϵdj

] 1
1−ϵ

.

2.2 Intermediate good firms

Intermediate goods are produced by a unit mass of firms, each of which produce a single

variety j as monopolists using labor purchased from households at real wage wt, which

they take as given.
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For simplicity, it is assumed that the intermediate goods firms are owned by risk-neutral

“capitalists” who cannot participate in the bond market and discount the future at the

same rate β as the households.3 Similar assumptions are common for so-called “tractable

HANK” models in the literature and aim to reduce the dependence of household behavior

on firm profits (e.g., Broer et al., 2020).

The intermediate goods firms are endowed with an identical initial price level p−1(j) = P−1

and face a quadratic price adjustment cost à la Rotemberg (1982), subject to which they

maximize

∞∑
t=0

E0β
t

[
(pt(j)− wt)

[
pt(j)

Pt

]−ϵ
Yt −

ϕ

2

(
pt(j)

pt−1(j)
− 1

)2

Yt

]
.

The first order conditions of the price-setting problem in period t is

(1− ϵ)

[
pt(j)

Pt

]−ϵ
Yt + ϵ

wt
pt(j)

[
pt(j)

Pt

]−ϵ−1

Yt − ϕ

(
pt(j)

pt−1(j)
− 1

)
1

pt−1(j)

+ βEt
(
pt+1(j)

pt(j)
− 1

)
pt+1(j)

(pt(j))2
= 0

and by restricting focus to a symmetric equilibrium so that pt(j) = Pt, we obtain the

following New Keynesian Phillips curve:

ϕ(πt − 1)πt = (1− ϵ) + ϵwt + βEt
Yt+1

Yt
ϕ(πt+1 − 1)πt+1 . (5)

2.2.1 Government

The government consists of two branches, a monetary authority and a fiscal authority.

The monetary authority determines the nominal interest rate according to the standard

Taylor rule

it+1 = r∗t + θπ(πt − 1) , (6)

where r∗t is taken as a parameter. This is consistent with typical “textbook” formulations

as e.g. in Gaĺı (2015) but allows to account for the neutral period being different in t = 0.

I restrict r∗t =
1
β − 1 ∀t > 0, which will below be shown to be the neutral rate of interest

once idiosyncratic risk has been resolved.

The fiscal authority can provide lump-sum transfers to households, which are financed

by issuing nominal government bonds Bg or levying taxes τ . In real terms, the budget

constraint of the fiscal authority is thus

Tt +
1 + it
πt

bgt−1 = bgt + τt

∫ 1

0
zt(i)di . (7)

For the analysis, I focus on the following time path of fiscal policy: The fiscal authority

starts without initial debt, bg−1 = 0. In t = 0, the government pays out a lump-sum

3Specifying a different discount factor for the firms would not affect any of the results below.
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transfer to households that is entirely financed by debt, i.e. T0 = bg0 and τ0 = 0. In t = 1,

the government pays back all the debt, which requires taxes τ1 =
1+i1
π1

bg0. Afterwards, the

fiscal authority remains inactive, bgt = 0, Tt = 0 as well as τt+1 = 0 ∀t ≥ 1.4

Note that the initial transfer does not involve any ex-ante redistribution, as households

are homogeneous in period 0. Additionally, it is obvious that in this setting all government

debt is backed by future surpluses, since the fiscal authority will raise any amount of taxes

necessary to pay back the debt in period 1.

2.3 Equilibrium Analysis

I begin with characterizing the equilibrium for the periods t ≥ 1, during which there is no

more idiosyncratic risk and the government chooses bgt = 0:

Proposition 1. For t ≥ 1, the equilibrium is characterized by the following

� aggregates:

πt = πss = 1, wt = wss =
ϵ− 1

ϵ
,

it+1 = iss =
1− β

β
, Yt = Nt = Nss =

1

1 + γ
(8)

� Household policies:

cit =
1

1 + γ

(
wssz

i +
iss

1 + iss

(
(1 + i1)b0 − ziτ1

))
:= ciss ∀i ∈ {l, h} (9)

N i
t =

1

1 + γ

1

wsszi

(
wssz

i − γ
iss

1 + iss

(
(1 + i1)b0 − ziτ1

))
:= N i

ss ∀i ∈ {l, h} (10)

Proof. See Appendix A.1.

Intuitively, since there is no aggregate uncertainty and no model variables have any per-

sistence, the model economy enters a steady state after the time 0 idiosyncratic risk is

resolved.

Using the above results, we can now characterize the equilibrium in period 0:

Proposition 2. In period 0, we have

Y0 = N0 =
1

1 + γ
, c0 =

w0

1 + γ
as well as w0 =

ϕ(π0 − 1)π0 + ϵ− 1

ϵ
(11)

while the rate of inflation is implicitly characterized by

ϵ

ϵ− 1 + ϕ(π0 − 1)π0
= βρh

1 + r∗0 + θπ(π0 − 1)

wsszh +
iss

1+iss
(1 + r∗0 + θπ(π0 − 1)) bg0(1− zh)

+ β(1− ρh)
1 + r∗0 + θπ(π0 − 1)

wsszl +
iss

1+iss
(1 + r∗0 + θπ(π0 − 1)) bg0(1− zl)

. (12)

4In the model, Ricardian equivalence will effectively hold once the idiosyncratic risk has been resolved

by t = 1. Thus, the assumption of inactive fiscal policy from period 1 onwards can be relaxed as long as

the uniform lump-sum transfers are not high enough to completely insure the initial income risk.
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Proof. See Appendix A.2.

Labor supply is constant in period 0, regardless of the realized wage rate: This is a

consequence of the chosen preferences, which imply that income- and substitution effects

of a wage change offset each other. So, as in Aguiar et al. (2023), inflation and wage

changes do not affect the level of output, but only redistribute between households and

the owners of intermediate goods firms.

From (12), we immediately obtain the following result regarding the “natural” rate of

interest rn0 under which π0 = 1:

Lemma 1. In period 0, the natural rate of interest rn0 is implicitly characterized by

ϵ

ϵ− 1
= βρh

1 + rn0
wsszh +

iss
1+iss

(1 + rn0 ) b
g
0(1− zh)

+ β(1− ρh)
1 + rn0

wsszl +
iss

1+iss
(1 + rn0 ) b

g
0(1− zl)

. (13)

Equation (13) indicates that the natural rate of interest will in general depend on the

level of government debt bg0. While the functional forms do unfortunately not provide for

a closed-form solution, the implicit function theorem allows us nevertheless to arrive at

the following result:

Proposition 3. Assume b0g ∈
[
0, ϵ−1

ϵ
β

1−β

)
. In that case,

∂rn0
∂bg0

> 0 ,

i.e. the natural rate of interest is increasing in the level of government debt issued.

Proof. See Appendix A.3.

The above result tells us that in the initial period featuring idiosyncratic income risk, the

natural rate of interest indeed increases in the level of government debt, at least under

some mild restrictions on the amount of the latter.5 The flipside of this result is, of course,

that if the government issues more debt without the central bank adjusting the intercept

of its Taylor rule, inflation ensues. Formally:

Proposition 4. Assume that r∗0 is fixed at the natural rate rn0 (b̄), as implicitly defined by

(13), for some given level b̄ ∈
[
0, ϵ−1

ϵ
β

1−β

)
of government debt to be issued in period 0.

Then,

∂πt
∂bg0

∣∣∣∣
bg0=b̄

> 0 ,

i.e. inflation increases in the amount of government debt.
5If the amount of government debt issued becomes too high, the proportional tax rule would eventually

eliminate the difference between h and l worker consumption from period 1 onwards. However, under

typical calibrations of New Keynesian models, that level would be very high. Typically, ϵ would be at least

6 and β greater than 0.95.
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Proof. See Appendix A.4.

Summing up, from the simple model above we learned the following: If households face

idiosyncratic income risk, increases in government debt raise the “natural” or “neutral”

rate of interest, and that correspondingly, the central bank would need to adjust its interest

rule to the amount of government debt if it wants to avoid inflation. As is clear from the

model structure, these results required neither the government consuming the resources

nor them being used for any ex-ante redistribution. Of course, it requires some ex-post

redistribution, so that the debt issued can actually serve insurance purposes: If the fiscal

authority would repay its debt by raising uniform lump-sum taxes instead, any type i ∈
{h, l} household would be taxed exactly equal to their savings in t = 1 and the total

amount of debt be irrelevant for inflation.

2.4 Some simple intuition

At this point, it may be helpful to provide further intuition for why increasing government

debt influences inflation in the presence of a Taylor rule. Assume that indeed, as in the

model above, the “natural” gross interest rate R prevailing in an economy depends on the

amount of government debt Bg in circulation. Assume furthermore that that economy’s

central bank aims to stabilize inflation around a target π∗ by setting the nominal interest

rate it according to a Taylor rule of the form

1 + it = π∗R∗ + θπ(πt − π∗) , (14)

which is a version of (6) allowing for a positive net inflation target. R∗ denotes the natural

(gross) rate consistent with some initial level of government bonds Bg
0 . Now, the amount of

government debt in circulation rises temporarily to Bg
1 > Bg

0 . Notice that we can re-write

(14) as

1 + it = π̃1R(B
g
1) + θπ(πt − π̃1) with π̃1 := π∗

θπ −R∗

θπ −R(Bg
1)

. (15)

If R(Bg
1) > R∗, then π̃1 > π∗, so that if the central bank sticks to rule (14), it will de facto

operate as if targeting higher inflation

2.5 Public Debt and interest rates: Empirical Considerations

As demonstrated by the previous analysis, government debt can be inflationary under

active monetary policy if it induces demand pressure and raises the neutral interest rate.

While it will become clear below that the actual realization of inflation also depends on

central bank policy, a natural pre-condition for there to be any effects is that increasing

public debt actually exerts upward pressure on liquid asset returns. While predicted by

a range of economic theories, one might object against the existence of such effects due
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Figure 1: Relationship between public debt and interest rates

Note: Data are from the MacroHistory Database (Jorda et al., 2017; Jordà et al., 2019) for the years

1950-2020.

to empirical observations as in Figure 1a: Using data from the MacroHistory database

(Jorda et al., 2017; Jordà et al., 2019) for the period 1950-2019, it plots the real treasury

bill rates of a range of developed countries against their debt-to-GDP ratios. There is

no obvious correlation between the both, a simple linear regression of the former on the

latter yields a slope coefficient of ≈ 0. But of course, this overlooks that in most developed

countries, rising public debt levels in more recent years were also accompanied by other

secular trends that exert negative pressure on interest rates, such as demographic change

or productivity growth slowdowns. In turn, 1b visualizes the relationship between both

variables after purging them of country-specific quadratic time trends, a common way

to account for long-run trends in empirical macroeconomics (cf. Ramey, 2016). We now

observe a positive correlation between both variables, with a 1% deviation of a country’s

debt-to-GDP ratio from trend now being associated with a 6.9 basis points (bp) higher

bill rate (relative to trend). As is perhaps needless to say, the results of such a simple

analysis should not be interpreted as a causal relationship and could have a range of

potential explanations. However, they align well with an empirical literature attempting

to measure the effects of public debt on treasury rates empirically, exemplified e.g. by

Engen and Hubbard (2005) or Laubach (2009). According to a summary in Rachel and

Summers (2019), such estimates range between 3 and 6 bp. Thus, reasonable values should

be in a similar range, with the analysis above suggesting that slightly higher values might

be justifiable.

Another body of evidence relevant for the 2-asset model is work pointing to increases in

public debt raising spreads between government bonds and other assets that are less liquid

(and hence less well-suited for self-insurance purposes): In particular, Krishnamurthy

and Vissing-Jorgensen (2012) find that increases in the debt-to-GDP yield lower spreads
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between treasury returns and corporate bonds. Bayer et al. (2023a) also find rising spreads

between treasuries and various less liquid assets in response to identified fiscal policy shocks

that cause public debt expansions.

3 The Quantitative HANK model

While the analytically tractable model in the previous section allowed for a sharp char-

acterization of the inflationary effects of government policy, its simplicity only allows for

a qualitative assessment of the mechanism at hand. But are they likely to be quantita-

tively relevant? While recent empirical work has shown that fiscal expansions are indeed

linked to subsequent inflation (e.g., de Soyres et al., 2022; Jordà and Nechio, 2023), such

reduced-form evidence does not allow discriminating between different channels: Indeed,

instead of resulting from the usefulness of government debt for insurance purposes, they

could equally be due to the FTPL or a combination of the two.

In turn, I employ a quantitative model featuring only the former mechanism: In partic-

ular, I use a framework similar to Consolo and Hänsel (2023), which extends a 2-asset

HANK model in the veins of Bayer et al. (forthcoming) with Search-and-Matching (SaM)

frictions on the labor market. This has several attractive features: Firstly, the result-

ing time-varying unemployment rate creates an additional realistic source of public debt

expansions in response to adverse business cycle shocks, as the government finances the

temporarily higher UI expenditures by issuing debt. Secondly, the previous literature has

argued time-variation in unemployment risk to be a potentially important driver of real

interest rates and inflation by the literature, e.g. Ravn and Sterk (2017).6 This mech-

anism, not present in the analytical model, could potentially counteract the inflationary

effects of government debt and should thus be accounted for.

A two-asset structure is important to allow the model to both include capital investment

and generate empirically plausible MPCs. Additionally, it will turn out that limited suit-

ability of capital for providing liquid assets and the resulting time-varying liquidity premia

will be important for the quantitative magnitude of the results. To allow for flexibility in

this regard, I introduce a financial intermediary referred to as the liquid asset fund below.

While it is always assumed that the fiscal authority is committed to eventually consolidat-

ing its debt at the initial steady state level, I will consider different policy rules for doing

so in Section 5. Additionally, the central bank is always following an “active” Taylor rule,

with different versions being considered in Section 7.

6Papers employing quantitative HANK models with SaM frictions include Gornemann et al. (2021),

Graves (2021) or Kekre (2022).
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3.1 Period timing

In the model, time is discrete and runs forever, starting from t = 0. Every period, there

is the following order of events, on which additional details will be provided below:

1. Aggregate shocks are revealed; job separations take place; Government policies are

announced

2. The labor market opens: Labor agencies post vacancies; Unemployed search for jobs;

matches are formed

3. The labor market closes; there is an even number of M subperiods during which

production takes place and workers and labor agencies can negotiate over wages

4. Goods and asset markets open: Asset returns are paid out; consumption and invest-

ment decisions are made

5. Goods and asset markets close; shocks to idiosyncratic states sit and Ξit are revealed

3.2 Households

3.2.1 Idiosyncratic states

There is a unit mass of households, which I again also refer to as “agents” interchangeably.

These differ ex-post by several idiosyncratic states:

� First of all, households vary in terms of their holdings of liquid and illiquid assets

ait and kit. kit represents holdings of capital and we require that kit ≥ 0 as well as

ait ≥ a, with a representing an exogenous borrowing limit. Capital is illiquid in that

a household can change her stock kit only infrequently: In particular, following Bayer

et al. (forthcoming) and Auclert et al. (2023), I assume that the opportunity to do

so arises randomly in an i.i.d. fashion, in that households only gets to participate in

the market for illiquid assets with probability λ ∈ (0, 1) every period.

� Secondly, the agents can be workers (Ξit = 0) or “entrepreneurs” (Ξit = 1). The

former participate in the frictional labor market, while the latter don’t supply labor

to the market but receive the profits generated by the firms (to be described below),

which, for simplicity, are assumed to be shared equally among all households with

Ξit = 1. Transitions to and out of the “entrepreneur” state are exogenous with

probabilities ζ and ι.

� Worker households (Ξit = 0) additionally differ by their idiosyncratic labor produc-

tivity or “skill” sit ∈ S = {s1, s2, ..., sns}, which evolves stochastically according to a

discrete Markov chain. I allow for transition probabilities πs(sit+1|sit, eit) to depend

12



on employment status eit (see next bullet point) in order to parsimoniously capture

skill accumulation (depreciation) while employed (unemployed). Workers who are

selected to become entrepreneurs lose their idiosyncratic sit state as well as their

job, while exiting entrepreneurs draw a new sit according to exogenous probabilities

ps1 , ps2 , ... and enter unemployment.

� Finally, workers will either be employed (eit = 1) or unemployed (eit = 0). I assume

there to be no disutility from either work or job search, so that all workers will be

working or searching full time. Job finding rates pUEt and pEUt (sit) will be endoge-

nously determined on the frictional labor market described in Section 3.4.2. Note

that the latter may depend on individual labor productivity.

Workers receive a wage wt(sit), while unemployed agents receive an unemployment

insurance (UI) benefit bt(sit). As outlined above, wages wt will be the outcome of

an AOB bargaining protocol to be described in Appendix B.1, while bt(sit) is set by

the government: its level is assumed to depend on sit to introduce dependence on

previous income without adding additional state variables to the household problem.

Below, I will by denote by mt(·) the mass of households that, at the beginning of a

period, are currently in the specified state, e.g. mt(k, s, e) is the respective measure of

households with capital holding k, skill s and employment status e. Additionally, I will

use the superscripts e, u and Ξ to refer to variables specific to the employed, unemployed

or entrepreneurs when it does not cause confusion. For example, I will use me
t , m

u
t and

mΞ
t to denote the masses of agents that feature states eit = 1, eit = 0 or Ξit = 1 at the

beginning of stage 4 of any period t (compare Section 3.1 above).

3.2.2 The Household problem

Households value a consumption stream {ct}∞t=0 according to standard time-separable

CRRA preferences

E0

∞∑
t=0

βt
c1−ξit − 1

1− ξ
. (16)

An agent who gets to adjust her illiquid capital stock will the face budget constraint

cit + qtkit+1 + ait+1 = (1− τyt )yit(eit, sit,Ξit) + (1 + rat (ait))ait + (qt + rkt )kit (17)

while for non-adjusters, the constraint will be of the form

cit + ait+1 = (1− τyt )yit(eit, sit,Ξit) + (1 + rat (ait))ait + rkt kit . (18)

Both budget constraint are already written in real terms. Furthermore, τy represents a

proportional income tax, qt the time t price of capital goods, rkt the real net return of
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capital goods and rat (ait) the real return on bonds ait. The latter depends on ait due to

the presence of a borrowing penalty. In particular, we have

rat (ait) =

rlt if ait ≥ 0

rlt + R̄ if ait < 0
(19)

where rlt is the real return on liquid savings, which will be effectively determined by the

nominal central bank rate Rbt and inflation πt = Pt
Pt−1

as described below. R̄ is a real

borrowing penalty.7 Finally, yit represents a household’s labor-, transfer- or profit income

which will be given by

yit(eit, sit,Ξit) =


wt(sit) if eit = 1, Ξit = 0

bt(sit) if eit = 0, Ξit = 0

Πt

mΞ
t

if Ξit = 1

. (20)

This formulation implies that unemployment benefits are subject to taxation, as they

indeed are in the US. Note that since the model does not feature an intensive labor supply

margin, the introduction of tax progressivity would not have any related effects but be

purely redistributive.

Letting Γt denote a set containing the economy’s aggregate state at period t, we are now

ready to state the Bellman equation corresponding to the households’ dynamic utility

maximization problem, which are

V a(ait, kit, eit, sit,Ξit; Γt) = max
cit,kit+1,ait+1

{
c1−ξit − 1

1− ξ
+ βEtV (ait+1, kit+1, eit+1, sit+1,Ξit+1; Γt+1)

}
s.t. to (17), (20), kit ≥ 0 and ait ≥ a (21)

for an household able to adjust its capital stock and

V na(ait, kit, eit, sit,Ξit; Γt) = max
cit,ait+1

{
c1−ξit − 1

1− ξ
+ βEtV (ait+1, kit, eit+1, sit+1,Ξit+1; Γt+1)

}
s.t. to (18), (20), kit ≥ 0 and ait ≥ a (22)

for an household that unable to do so. The ex-ante value function V (·) is given by

V (ait+1, kit, eit+1, sit+1,Ξit+1; Γt+1) = λV a(ait, kit, eit, sit,Ξit; Γt)

+ (1− λ)V na(ait, kit, eit, sit,Ξit; Γt) .

3.3 Production

The model’s supply side is similar to standard “medium scale” DSGE models, except the

way the labor market is modelled: Production is vertically integrated. There is again a

7My specification for the borrowing wedge implies that every unit of debt held by a household incurs a

real resource cost of R̄, e.g. due to costly monitoring.
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final good, that can either be consumed or used by capital goods producers to produce

investment goods subject to adjustment costs. This final good is assembled by a repre-

sentative final goods producer, that in turn requires differentiated inputs provided by a

continuum of retailers. The latter set prices in a monopolistic competitive fashion subject

to nominal rigidities and require intermediate goods to produce their output. These are

provided by a set of competitive intermediate goods producers that require capital and

labor services as inputs. However, the production of the labor input requires hiring on

a frictional labor market à la Diamond-Mortensen-Pissarides, which is handled by labor

agencies.

As Bayer et al. (forthcoming), I make the simplifying assumption that entrepreneurs don’t

make the dynamic decisions of the various firms directly but instead outsource them to

a group of risk-neutral managers with aggregate measure 0, which do not have access to

asset markets and discount the future at the same rate β as the households.8

3.3.1 Final goods production

The problem of the final goods producer is equivalent to the one described in Section 2.1.2

and thus omitted. For notational convenience below, I define µ := ϵ
ϵ−1 .

3.3.2 Retailers

There is a unit mass of retailers, each of which produce a given variety of the differentiated

input as monopolist, taking into account demand schedule (4). Their only input are

intermediate goods, which they purchase at real price mct (also referred to as “marginal

costs”) from the competitive intermediate goods producers. However, they are subject to

nominal rigidities à la Calvo (1983) with price indexation, i.e. they can only re-set their

price if chosen with an exogenous probability λY .

If not receiving the re-set opportunity, a retailer’s price is automatically adjusted by the

steady inflation rate πSS .
9 If receiving it, the retailer will choose a price to maximize the

corresponding expected net present value of real profits

E0

∞∑
t=0

βt(1− λY )
t

(
p∗jtπ

t
SS

Pt
−mct

)(
p∗jtπ

t
SS

Pt

) −µ
µ−1

Yt .

Log-linearizing the first order conditions of the resulting price setting problem gives rise

to the standard log-linear Phillips curve

log

(
πt
πSS

)
= κY

(
mct −

1

µ

)
+ βEt log

(
πt+1

πSS

)
(23)

8Since I will linearize the model with respect to aggregate shocks, only the steady-state value of the

discount factor in the firms’ dynamic problems will matter for the dynamic model responses. Bayer et al.

(2019) and Lee (2021) report that using different specifications does not significantly affect results in their

2-asset HANK models with many similar features.
9This allows to normalize πSS = 1.
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with κY := (1−λY )(1−λY β)
λY

.

3.3.3 Intermediate goods producers

The homogeneous intermediate good is produced by a continuum of firms that use a

constant-returns-to-scale technology represented by production function

Ft(utKt, Ht) = ZtF (utKt, Ht) = Zt(utKt)
αH1−α

t . (24)

Kt and Ht denote the input of capital and labor services. ut is the degree of capital

utilization that determines capital depreciation according to

δ(ut) = δ0 + δ1(ut − 1) +
δ2
2
(ut − 1)2

and Zt is a shock to Total Factor Productivity (TFP). Taking the price ht for labor services

as well as the capital rental rate rt and its output pricemct as given, an intermediate goods

producer solves the static profit maximization problem

max
Kt,Ht,ut

mctFt(utKt, Ht)− htHt − (rt + qtδ(ut))Kt ,

the solution of which can be characterized using the following first order conditions:

ht = (1− α)mctZt(utKt)
αH−α

t (25)

rt + qtδ(ut) = αmctZtut(utKt)
α−1H1−α

t (26)

qt(δ1 + δ2(ut − 1)) = αmctZt(utKt)
α−1H1−α

t . (27)

3.3.4 Capital goods producer

Capital goods producers use the final good as input and operate a technology subject to

adjustment costs: Using It units of the final good, they can produce[
1− ϕ

2

(
It
It−1

− 1

)2
]
It

units of capital.

Taking the price of capital qt as given, the producers choose It to maximize the net present

value of real profits

E0

∞∑
t=0

βt

(
qt

[
1− ϕ

2

(
It
It−1

− 1

)2
]
It − It

)

and their optimal interior solution will fulfill first-order condition

qt

(
ϕ

2

(
It
It−1

− 1

)2

+ ϕ

(
It
It−1

− 1

)
It
It−1

)
= βqt+1ϕ

(
It+1

It
− 1

)(
It+1

It

)2

. (28)
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3.4 Labor market

3.4.1 Labor agencies

Labor services are produced by a continuum of homogeneous labor agencies, each of which

is matched with at most one worker of productivity s. Such a match produces st units

of the labor service output, the price of which are taken as given by an agency.10 Job

separations are exogenous and take place either if (1) the match is subject to an separation

shock arriving with probability δ(s) or if (2) the worker becomes an entrepreneur with

probability ζ. I allow for job separation rates δ(s) to depend on skill, consistent with

evidence that low-income workers face higher job separation risk (see e.g. Birinci and See,

2021). Given all the above, the recursive characterization of the value of a matched agency

is

J(st; Γt) = htst − wt(st) + (1− ζ)(1− δ(st))βEtJ(st+1; Γt+1) . (29)

3.4.2 Job matching and vacancy creation

There is a single labor market, on which unmatched labor agencies can meet unemployed

workers by posting vacancies. The number of meetings is governed by a Cobb-Douglas

matching technology

Mt(Vt, Ut) = AmU
χ
t V

1−χ
t . (30)

Vt represents the total number of vacancies posted and

Ut = mt(e = 0) +
∑
si∈S

δ(si)mt(e = 1, s = si)

the total mass of workers searching for a job. From (30), it follows that the period-t

job-finding probability pUEt and vacancy-filling probability pvft are

pUEt =
Mt(Vt, Ut)

Ut
= Amθ

1−χ
t and pvft =

Mt(Vt, Ut)

Vt
= Amθ

−χ
t , (31)

respectively. θ := Vt/Ut is the labor market tightness.

Hiring is costly in that posting a vacancy incurs a real resource cost of κ. Labor market

tightness is in turn pinned down by a free entry condition of the form

κ = pvft

(∑
s∈S

Ut(s)

Ut
J(s; Γt)

)
(32)

with

Ut(si) = mt(e = 0, s = si) + δ(si)mt(e = 1, s = si)

10Due to CRS and the market for labor services being competitive, one could equivalently assume that

intermediate goods firms produce labor services “in-house” and handle hiring themselves.
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denoting the mass of job-searchers of a given skill level si ∈ S. These terms are present

because labor agencies take into account which type of workers they are most likely to

meet.

3.4.3 Wage determination

Wages are determined according to an intra-period Alternative Offer Bargaining (AOB)

protocol in the veins of Christiano et al. (2016), imposing the restriction of no intra-period

bargaining break-downs used by Ljungqvist and Sargent (2021):11 As shown by Consolo

and Hänsel (2023), such a setting avoids the dependence of wages on the asset positions

of individual workers resulting from other bargaining protocols such as Nash bargaining.

The wages resulting from the protocol are given by

wt(s) =
1

2

(
hts+ b̃t(s)

)
+
M − 2

2M
γ(s) + (1− ζ)(1− δ(st))βEtJ(st+1,Γt) , (33)

with b̃t(s) denoting an outside income that a worker of skill s receives while in disagreement

with its employer. More details on the AOB bargaining protocol as well as the derivation

of (33) are provided in Appendix B.1.

3.5 Liquid Asset Provision

While I assume a centralized market for claims to (illiquid) capital, households obtain

liquid assets from a set of competitive liquid asset funds (LAFs). In contrast to house-

holds, these funds are able to trade claims to capital every period and also have access

to a technology to short-sell them. Their objective is to maximize expected returns by

investing the funds Alt+1 received from the households in capital and government bonds.

In particular, the LAFs solve

max
Bl

t+1

Et

[
(rkt+1 + qt+1)

Alt+1 −Bl
t

qt
+
RBt+1

πt+1
Bl
t+1

]
−Alt+1

φ+
Ψ

2

(
1−

Bl
t+1

Alt+1

)2
 ,

(34)

where Alt+1 denotes the total amount of assets intermediated by the LAF and Bl
t the

amount of government debt it chooses to acquire. A fund faces costs for each unit of

liquid asset it invests on behalf of the households, which involve the linear component

φ and a part Ψ
2

(
1− Bl

t

Al
t

)2
that increases in the relative amount of assets the fund does

not invest in public debt obligations. Its portfolio choice can be determined from the

corresponding F.O.C.

Et

(
rkt+1 − qt+1

qt

)
−Ψ

(
1−

Bl
t+1

Alt+1

)
= Et

(
RBt+1

πt+1

)
(35)

11Ljungqvist and Sargent (2021) find this restriction to hardly affect model dynamics in the rich repre-

sentative agent New Keynesian model studied by Christiano et al. (2016).
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and the ex-post return to household’s liquid savings will be given by

rlt =
(qt + rkt )(A

l
t −Bl

t) +
RB

t
πt
Bl
t

Alt
− φ− Ψ

2

(
1− Bl

t

Alt

)2

− 1 . (36)

A few words on the above structure are in order: The aim of the perhaps peculiar cost

structure in (70) is not to provide a particularly realistic model of financial intermediation,

but rather to introduce a parsimonious way to flexibly move between various assumption

on liquid asset supply in the literature. For this purpose, the parameter Ψ has a simple

interpretation as determining how easily capital assets can be used for liquidity provision:

For Ψ → ∞, the model nests the assumption of segmented markets for liquid and illiquid

assets as in Kaplan et al. (2018) or Bayer et al. (forthcoming); for Ψ → 0 it nests a

completely integrated market as in Auclert et al. (2023). While a micro-founded model of

financial intermediation as e.g. in Dominguez Diaz (2021) could also provide for imperfect

usefulness of capital for liquidity provision, it would be less straightforward to map into

the above limit cases and potentially harder to interpret.

3.6 Government

The government again consists of two branches, a monetary authority and a fiscal author-

ity.

3.6.1 Monetary Authority

The monetary authority sets the nominal interest rate on government bonds, which follow

a Taylor rule of the form

RBt+1

RBSS
=

(
RBt
RBSS

)ρB [(
πt
πSS

)θπ
exp(mu

t −mu
SS)

−θu

]1−ρB
. (37)

The parameter ρB introduces rate smoothing and if θu ̸= 0, the rule reacts to unemploy-

ment in addition to inflation.

3.6.2 Fiscal Authority

The fiscal authority collects taxes, pays out unemployment insurance and engages in gov-

ernment consumption Gt. Its budget constraint (in real terms) is

Bg
t+1 + τyt

(∑
s∈S

wt(s)m
e
t (s) + Πt

)
= Gt +

RBt
πt
Bg
t +

∑
s∈S

(1− τyt )bt(s)m
u
t (s) . (38)

For simplicity, I assume the value of UI benefits to be equal to a fixed fraction of real

steady wages, i.e.

bt(s) = Υbwss(s) . (39)
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Furthermore, in the baseline model I assume government consumption Gt to remain con-

stant at its Steady State level Gss and taxes to follow the rule(
τyt
τys s

)
=

(
τyt−1

τyss

)ρτ ( Bg
t

Bg
ss

)(1−ρτ )ψB

, (40)

with the fiscal authority to issue any amount of bonds Bg
t+1 necessary to fulfill its budget

constraint (38). Intuitively, policy (40) means that the government will eventually raise

taxes to pay back debt in surplus of its long-run target, but may do so only slowly.

In Appendix C.1, I will consider the alternative scenario in which the fiscal authority

consolidates its budget by adjusting spending G instead of taxes τy. Furthermore, in

the baseline model, all government debt is short-term, i.e. consists of 1-period bonds.

Appendix C.2 will also discuss a version of the model in which the fiscal authority issues

long-term debt obligations. This affects some model dynamics, but does not alter the

main insights.12

3.7 Market clearing conditions and equilibrium

The Definition of Equilibrium is standard, but tedious, given that the quantitative model

features multiple markets and also requires keeping track of the evolution of measures

mt(·). In turn, I relegate these details to Appendix B.2.

3.8 Numerical Approach

I approximate the dynamic equilibrium of the model using a version of the method used

by Bayer and Luetticke (2020), which conducts first-order perturbation around the econ-

omy’s non-stochastic steady state, following a dimension reduction step.

For obtaining that steady state, I use a multidimensional Endogenous Grid Method sim-

ilar to the algorithm described in Bayer et al. (2019) to solve the households’ dynamic

programming problem. The joint income- and asset distribution is approximated as a

histogram using the “lottery”-method proposed by Young (2010).

However, the representations of the (marginal) value functions as well as the joint distri-

bution on a tensor grid are too large to be practically handled by standard perturbation

algorithms. In turn, the dimensionality of the (marginal) value function is reduced by

applying a Discrete Cosine Transform (DCT) and perturbing only the coefficients most

important for the shape of the steady state marginal value function. Additionally, the

12The reason for selecting the short-term debt version as the baseline is connected to the linearization

procedure used to solve the model: In the non-stochastic steady state, holders of long-term nominal assets

do not price in potential changes in inflation. Thus, actually realized inflationary shocks result in overly

large valuation losses for households (and corresponding debt devaluation windfalls for the government).

While these hardly matters in representative agent models, the size of such transfers can exerts real effects

in models not providing for Ricardian equivalence.
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joint distribution is split into a copula and marginals and I only perturb the marginals as

well as the largest coefficients resulting from a similar DCT of the copula.

Further details on the numerical implementation are provided in Appendix B.4.

3.9 RANK/TANK versions

To gain further insights on how idiosyncratic income risk and high MPCs matter for

the effects of government debt on inflation, it is useful to compare the results of the

full-blown HANK economy with those of similar New Keynesian models featuring only a

representative agent (also called RANK models) or Two Agents (so-called TANK models).

In the former, Ricardian equivalence holds and the household’s MPC is very low. The

latter breaks Ricardian equivalence by introducing a group of “constrained” agents unable

to participate in asset markets, which also results in high average MPCs. However, it still

does not feature any idiosyncratic income risk and will thus not provide for medium- to

long run effects of government debt on real interest rates.

I construct these alternative frameworks to resemble the baseline HANK economy as close

as possible. In particular, all frameworks will feature the same parameters except for

β and RBSS : In RANK and TANK, the agents with asset market access can overcome

the illiquid asset adjustment friction by trading state-contingent securities, so that a no-

arbitrage condition between government bonds and capital will have to hold. In turn, I

always choose β and RbSS to be consistent with the same steady state return on capital as

in the HANK economy.

4 Calibration of the quantitative model

A model period is interpreted to be a quarter. I aim for the model to be consistent

with the most relevant features of the US economy and first set a range of parameters

exogenously, relying on the previous literature: In addition to standard preference- and

technology parameters, this includes some parameters exclusively affecting the dynamic

model response to aggregate shocks, for which I rely on previous papers estimating a

HANK model. Afterwards, the remaining parameter values are chosen to match various

steady state distribution- and labor market moments.

4.1 Externally calibrated

The household’s risk aversion parameter is set to 1.0, a standard value in the macroe-

conomic literature also used by Kaplan et al. (2018). Regarding technology, I use the

standard values of α = 0.32 for the Cobb-Douglas parameter for capital and set a quar-

terly depreciation rate for capital of δ = 0.015, implying approx. 6% annual depreciation.
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Parameter Description Value Source

ξ risk aversion 1.0 Standard

ι Exit prob. entrepreneurs 1/16 Bayer et al. (forthcoming)

α Cobb-Douglas parameter 0.32 Standard

δ0 Steady State depreciation 0.015 Standard

µ SS Goods markup 1.1 Standard

κY Slope of Phillips curve 0.08 Standard

ϕ investment adjustment cost 3.5 Bayer et al. (forthcoming)

δ2/δ1 utilization parameters 1.0 Bayer et al. (forthcoming)

χ matching elasticity 0.5 Petrongolo and Pissarides (2001)

M no. bargaining periods 60 Christiano et al. (2016)

(ρτ , ψB) Gov’t spending rule (0.94, 0.35) Bayer et al. (2023b)

τy Proportional income taxes 0.25 See text

Υb SS UI replacement rate 0.4 Shimer (2005)

(ρR, θπ, θu) Taylor rule parameters (0.75,1.5,0.0) Standard

πss Inflation Target 1.0 Standard

Table 1: Externally set parameters

Similar, I set µt to a conventional value of 1.1, resulting in a steady state markup of 10%.

The number of subperiods during which bargaining can take place is M = 60, the same

value as in Christiano et al. (2016): this reflects the typical number of business days within

a quarter. I furthermore set χ = 0.5, a standard value for the matching elasticity going

back to by Petrongolo and Pissarides (2001).

Several other parameters governing the economy are calibrated following Bayer et al.

(forthcoming): First, I also set the probability of exiting the Ξ = 1 state within a given

period to be 6.25%. The investment adjustment cost is chosen to be 3.5 and the ratio

δ2/δ1 set to be 1, reflecting the results of their model estimation. For a given δ2/δ1-ratio,

I always set δ1 and δ2 to achieve ut = 1.0 in steady state.

The government policies are parameterized as follows: I proceed as Shimer (2005) by

choosing an unemployment replacement rate of 0.4. As is standard, the central bank is

assumed to target zero net inflation, i.e. πss = 1, and chooses RbSS so that this is achieved

in the economy’s non-stochastic steady state. Regarding the interest rate rule, the base-

line calibration employs the standard value of θπ = 1.5 and features some nominal rate

persistence with ρR = 0.75. Since it is not crucial for assessing the inflationary effects of

public debt, I abstract from an unemployment reaction in main text but consider a robust-

ness exercise below. Other parameterizations of the rule are also considered in Section 7.

Next, I assume all proportional income taxes to equal 25%: These values are close both

to the average US tax rates on labor incomes as well as profits and are consistent with

a reasonable long-run government consumption-to-GDP ratio of G/Y = 0.158. Finally,

the policy rule for taxes is assumed to feature substantial persistence with ρτ = 0.94 and

ψB = 0.35: Since assessing the inflationary effects of government debt requires inducing

different time paths of it, this rule will naturally be contrasted with other scenarios below.
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Parameter Description Value Target

β Time discounting 0.9838 K/Y = 11.44

ζ prob. entrepreneur state 0.0003 Wealth share top 10

λ prob. illiquid asset adjustment 0.0901 Al/Y = 1.04

R̄ Borrowing penalty 0.0449 16% borrower share

Bss Government debt 1.9269 Bss = Al
ss

Gss Government consumption 0.2915 Budget clearing (38)

φ Liquidity Cost 0.0103 rlss = 0

Ψ Liquidity Supply 0.005 See text

a Borrowing limit -0.873 100 % avg. quart. income

Am Matching efficiency 0.6522 Unemployment rate 5.5%

κ vacancy cost 0.0473 7% of avg. hire wage

s Individual labor productivity See Appendix B.5 See text

γ(s) Costs of delay See Appendix B.5 See text

δ(s) Separation rates See Appendix B.5 See text

Table 2: Internally calibrated parameters

4.2 Internal calibration

The remaining parameters are chosen so that the model matches various target moments

in the non-stochastic steady state. To clarify how they come about, I present for each

parameter the moment I use to identify it. While, if taking other parameters as given, any

parameter will somewhat affect any of the stationary equilibrium’s target moments, it is

often the case that if one assumes other target moments to have been realized, individual

parameters can be identified just by the respective moments. For the parameters for which

this is not true, it nevertheless turns out that achieving a good fit with the target relies

mostly on the stated parameter.

Several parameters are disciplined by moments related to the steady state wealth distri-

bution. I choose the household discount factor β to match a ratio of average steady state

capital holdings to output of 11.44 as in Bayer et al. (2019), resulting in β = 0.9838. λ

determines the (il-)liquidity of capital and thus how much liquid bonds agents wish to

additionally hold for self-insurance purposes: I use it to target net liquid asset holdings by

households to equal 1.04 times quarterly GDP as in Kaplan et al. (2018). This requires

λ = 0.0901. The borrowing penalty R̄ determines the share of households with a nega-

tive liquid asset position: to get a share of 16%, I set value of 0.0449.The probability ζ

determines the amount of “super rich” entrepreneur households and I use it to target a

Top 10% wealth share of 70%, approximately the value computed by Krueger et al. (2016)

using SCF data. This requires a value of approx. 0.0003. Additionally, I set the value of

the borrowing constraint to the equal average quarterly steady state labor- and transfer

income, in line with Kaplan et al. (2018).

In order to be able to flexibly consider different values for Ψ, I require all liquid assets

held by households in Steady State to be provided by the government, i.e. Bss = Alss.
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While a Steady State Government Debt to (annual) GDP ratio of 26% may seem low for

the US, it actually corresponds well to the corresponding ratio for the federal debt held

by the public minus the debt held by foreign and international investors. In particular,

for the period 1970-2019, the ratio of Federal Debt held by the domestic public to annual

GDP was 28.6%, which is arguably the relevant ratio for a closed economy model.13 Next,

I set ϕ = 0.0103 which will induce the Steady State liquid return rlt to equal 0 as in Bayer

et al. (forthcoming). The calibration of Ψ is detailed in 4.3. Gss is eventually set as the

value fulfilling (38) given the other targets.

I choose matching productivity Am = 0.6522 to achieve an average unemployment rate of

5.5%. Furthermore, following Christiano et al. (2016), I target steady state hiring costs

κ/pvfSS to be 7% of the average wage of newly hired workers. This results in a vacancy

posting cost of 0.0473. As them, I will also assume that a worker’s outside income during

bargaining is assumed to equal her unemployment benefit. Finally, it is necessary to set

the parameters connected to the individual labor productivity levels s. To calibrate the

values for s and γ(s), I build on the literature estimating income processes: In particular,

the recent paper by Braxton et al. (2021) estimates a process in which the permanent com-

ponent zi,t of log individual income has an AR(1) form with labor market status-specific

parameters

zi,t+1 = µz(eit) + ρzzi,t + σz(zi,t)εi,t ,

i.e. the drift and the innovation variance depend on whether an individual works or not.

Braxton et al. (2021) argue that such a set-up captures on-the-job skill accumulation as well

as human capital depreciation during unemployment. In turn, I use their annual estimates

ρz = 0.94, (µz(1), µz(0)) = (0.0038,−0.1472) as well as (σz(1), σz(0)) = (0.2261, 0.4171),

transform them into quarterly values and discretize the process onto a grid of 13 points

following the methodology outlined in their paper.14.

This, however, provides us only with a discretized process for household’s labor earnings,

i.e. the wages wt(sit), while the calibration requires the primitives determining them.

Conveniently, the linearity of bargaining outcome (33) provides an easy way of backing

them out: To reduce the number of parameters, I first restrict γ(s) = γ̄hsss, i.e. that a

labor agency’s costs of delay are proportionally to the revenue generated by the match in

steady state. Then, together with a linear rule relating the level of worker outside income

b̃t(s) = Υ̃b(s)wss(s) to the steady state wage level, the steady state match revenue hsss

necessary to induce the wage levels wt(sit) can be found by solving a linear system. I

choose γ̄ by targeting a steady state vacancy filling rate of pvfSS = 0.71 (as in den Haan

et al., 2000) and the s levels themselves are subsequently obtained by using that other

13These calculations are based on series FYGFDPUN and FDHBFIN available on FRED.
14For the transformation, I follow an approach similar to Krueger et al. (2016): The persistence of the

quarterly process is set to ρ̂z = ρ
1/4
z and we replicate the cross-sectional variance of the AR(1) processes

by setting σ̂z(eit) =
1−ρ̂2z
1−ρ2z

σz(eit). I adapt the drift so that the quarterly processes have the same mean as

the annual one, i.e. µ̂z(eit) =
1−ρ̂z
1−ρz

µz(eit)
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Figure 2: Model long-run effects of gov’t debt on bond returns

target moments provide the steady state level hss. The resulting values for s and γ(s) are

reported in Appendix B.5.

Finally, for the separation rates δ(s), I follow Birinci and See (2021) by using the functional

form δ(s) = δ̄ exp(ηs(s − 1)) and choosing δ̄ to target an average quarterly EU flow rate

of p̄EUSS = 3.5% and an EU flow rate ratio of pEU (sns)/p
EU (s1) = 0.2. i.e. the most

productive workers are 5 times less likely to loose their jobs than the least productive

ones.15

4.3 Calibrating Liquidity Supply

The “fiscal inflation” mechanism explained in Section 2 depended on higher public debt

stimulating demand or, vice versa, exerting upward pressure on the real (liquid asset)

interest rate. Thus, for obtaining reasonable quantitative results, it will be important to

ensure that this will be of a reasonable magnitude. A natural candidate to discipline this

aspect of the model is to ensure consistency with the empirical evidence summarized in

Section 2.5, i.e. that in the medium- to long run a 1 percentage point (p.p.) increase

of the economy’s annual debt-to-gdp ratio is associated with an increase of the annual

real treasury rate of roughly 3-7 bp, allowing for some leeway due to the uncertainty

surrounding the various estimates.

Can the 2-asset HANK generate a relationship of this magnitude under the limit assump-

tions from the literature, i.e. either Ψ → ∞ or Ψ → 0? Computing new steady states

for different Debt-to-GDP ratios under the parameterization specified in Section 4 yields

Figure 2.16 The results are rather stark: Under segmented asset markets, a 1 p.p. higher

15Birinci and See (2021) target p̄EU
SS = 1.2% and pEU (sns)/p

EU (s1) = 1/5.54 ≈ 0.18 for a monthly

calibration.
16For this exercise, the following assumptions on government policy are made: The central bank adjusts
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Figure 3: Increase SS treasury rate after 1 p.p. annual B/Y increase

annual Debt-to-GDP ratio causes the annual steady state real treasury rate to increase

by more 20 bp, approx. 3 times more than the upper end of the empirical estimates. The

opposite is true of the integrated (Ψ → 0) asset markets, in which the response of the rate

is much smaller and hardly noticeable, not even a third of the empirical estimates. These

findings can be rationalized as follows: In the model, households hold liquid assets only

to the extent necessary to insure their idiosyncratic risk, as illiquid capital yields superior

returns. Additionally, constrained households will hardly adjust their savings in response

to small rate changes. Thus, if the private sector is to hold more liquid government bonds,

substantial rate increases are necessary. In contrast, if liquid assets can alternatively be

held in illiquid form at the same return as capital, the increase in the debt-to-GDP ratio

will only crowd out a bit of the much larger capital stock, resulting in small changes of

the equilibrium interest rate. We have thus to conclude that the assumption of either

perfectly segmented or flexible asset markets, although attractive due to their simplicity,

fail to generate a reasonable long-run relationship between government debt supply and

real treasury rates.17

However, we can still obtain a reasonable long-run real interest rate if we allow for a re-

stricted usefulness of capital for liquidity provision as determined by Ψ. Computing new

steady states for different values, we obtain Figure 3, which displays by how much a 1

p.p. higher annual Debt-to-GDP ratio increases the treasury rate compared to the original

steady state. For a Ψ in the range between 0.002 and 0.007, we obtain a difference roughly

in line with the empirical results roughly in line with the empirical results summarized in

its nominal rate target so that πss = 1 is also achieved in the new steady state, while the fiscal authority

adapts its consumption G so that (38) clears in the new steady state. The latter implies that the resulting

rate changes constitute an upper bound compared to scenarios with partial tax adjustments: Under higher

(lower) taxes, households would choose to hold less (more) liquid assets at a given real interest rate.
17Naturally, this is also true for RANK and TANK model, in which the steady state real interest rate is

independent of the amount of government debt.
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Section 2.5. I choose Ψ = 0.005 as the baseline which implies a long-run response of 6 bp,

close to my own estimate. Naturally, I will consider the impact of different values below.

4.4 Distributional Moments

In this section, I validate the internal calibration by analyzing various model-generated

moments that were not directly targeted.

Table 3 compares various untargeted moments of the model’s Steady State income- and

wealth distributions with their empirical counterparts as reported by Krueger et al. (2016).

The latter are based on the 2006 Panel Survey of Income Dynamics (PSID) and the 2007

Survey of Consumer Finance (SCF), respectively.18 Overall, the model achieves a fairly

good fit, in particular for Net Worth. Using the “entrepreneur” status to target the Top

10 wealth share results in the model featuring somewhat higher income inequality.

Since I am employing a two-asset model, it is not only relevant to assess how closely the

framework matches data moments related to the distribution of overall net worth, but also

the different asset classes held by the households. I do so in Table 4: First, I am considering

moments of the illiquid- and liquid wealth distribution separately. In particular, I compare

them with statistics reported by Kaplan et al. (2018), who rely on the 2004 SCF. As in

the data, the model generates a more unequal distribution of liquid assets and ownership

of both asset classes is concentrated in their respective Top 10%, with the bottom 50%

holding hardly any. Also, the model moments of the illiquid asset distribution are close

to the data, mildly under-predicting the share of the Top 10%. However, for liquid assets,

I generate a comparably more equal asset distributions, with the share held by the Top

10% not as high and the share of the Next 40% substantially larger than in the SCF data.

But, as noted by Kaplan et al. (2018), it is “notoriously challenging” to match the extreme

right tail of wealth distributions with income risk alone. From that perspective, I view

my model’s performance as satisfactory.

Finally, I analyze how many households are Hand-to-Mouth (HtM) in the sense of Kaplan

et al. (2014), i.e. whether their liquid asset holdings are less than 2 weeks (≈ 1/6 of a

model period) of current household income above of either 0 or the borrowing constraint.

I also classify them as “Wealthy HtM” if they additionally hold illiquid assets and “Poor

HtM” if they do not. The model matches the empirical evidence on the size of either

group of agents well. As visualized in Figure 4, these low liquid-wealth agents tend to

have particularly high MPCs. In turn, my framework is able to generate an average

quarterly MPC of 15.7% and an average annualized MPC of 39%.19 The former is of a

similar magnitude as the corresponding value in Kaplan et al. (2018).

18Disposable Income is defined as the sum of after-tax earnings plus unemployment benefits plus income

generated by assets held. In both model and data, Net Worth relates to both liquid and illiquid assets.
19I compute individuals’ annualized MPCs aMPC as aMPC = 1− (1−qMPC)4 following Carroll et al.

(2017). Note that these annualized MPCs will not exactly equal individuals’ annual MPCs.
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Disposable Income Net Worth

Model Data Model Data

Quint. 1 4.6 4.5 0.0 -0.2

Quint. 1 8.6 9.9 1.6 1.2

Quint. 3 13.4 15.3 4.7 4.6

Quint. 4 20.8 22.8 12.0 11.9

Quint. 5 52.7 47.5 81.4 82.5

Gini 0.48 0.42 0.79 0.78

Note: “Data” refers to moments computed by

Krueger et al. (2016) using PSID and SCF.

Table 3: Distributional moments comparison

Moments Model Data (incl. source)

Illiquid asset shares (from Kaplan et al., 2018)

Top 10% 65.5 70

Next 40% 31.5 27

Bottom 50% 3.0 3

Liquid asset shares (from Kaplan et al., 2018)

Top 10% 75.5 86

Next 40% 23.5 18

Bottom 50% 1.0 -4

Hand-to-Mouth (HtM) Status (from Kaplan et al., 2014)

Share HtM 30.5 31.2

Share Wealthy HtM 21.0 19.2

Share Poor HtM 9.5 12.1

Table 4: Portfolio moments comparison
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Figure 4: Model MPC distribution

4.5 Calibration for RANK/TANK

As already indicated above, I use the same parameters for the RANK/TANK versions of

the model wherever possible. Thus, I only re-calibrate β and RBSS : To be consistent with

the same steady state return on capital as in the HANK economy, I set RbSS = 1 + rkss as

implied by the K/Y -target and β = 1/RbSS . Additionally, for the TANK economy, it is

necessary to specify the fraction of “spender” households that are unable to participate

in asset markets. Following Debortoli and Gaĺı (2017), I assume it to be 20%. Note that

since all “spenders” have an instantaneous MPC of 1, the quarterly MPC of the TANK

model actually exceeds the corresponding value for the baseline HANK model.

5 Inflation after Supply Shocks

We can now use the calibrated 2-asset HANK model to study whether the time path of

fiscal policy and government debt affects inflation dynamics in response to different shocks.

I start doing so in the context of an inflationary supply shock, in particular a 1% decrease

of TFP Z, which reverts to its steady state value according to an AR(1)-process in logs

with persistence 0.9. Studying such a simple scenario has both pragmatic and exposi-

tional motivations: While Federal Reserve chairman Powell (2022) concluded that “you

couldn’t get this kind of inflation without a change on the supply side”, matching recent
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Figure 5: Model IRFs to 1% TFP shock

inflation dynamics is typically found to require a combination of different shocks as well

as allowing for non-linear model dynamics (cf. Amiti et al., 2023), which would compli-

cate isolating the effects of fiscal policy and require even more involved solution methods,

respectively. Furthermore, starting with a TFP shock is instructive as it yields relatively

similar aggregate responses also for models not featuring idiosyncratic risk and/or high

MPCs.

5.1 Response of the Baseline Model

The blue solid lines in Figure 5 display Impulse Response Functions (IRFs) of the lin-

earized baseline HANK economy in response to the TFP shock. Overall, they are mostly

in line with the literature: Upon realization of the shock, output, consumption as well

as investment drop since the economy’s potential is reduced. The investment reaction

follows an U -shape due to the adjustment costs. However, the sluggish reaction of the

central bank (which determines the nominal bond rate) does initially not crowd out de-
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mand as much as the fall in potential, which moderates the consumption drop on impact

and actually induces a short-lived decrease in unemployment. Eventually though, the lat-

ter increases substantially, given that the AOB bargaining protocol induces only limited

real wage responses. Inflation jumps up on impact as lower TFP increases marginal costs

and initially falls relatively quickly once the central bank starts increasing the nominal

rate. At the same time, public debt starts growing as the shock reduced tax revenues and

requires more spending on unemployment benefits: due to the assumed slow pace of fiscal

consolidation, the ratio of public debt to (annualized) GDP peaks at approximately 1

percentage point (p.p.) and remains above trend long after the shock. Furthermore, after

a while, we observe inflation to plateau above its steady state level and hardly going down

from there onwards, which induces the central bank to keep the nominal rate elevated as

well. This is accompanied by a decrease in the liquidity premium, i.e. the real return on

(liquid) bonds increase relative to the one on (illiquid) capital.20

Overall, the results of the quantitative model are in line with the insights from the ana-

lytical model: The long-lived government debt expansion pushes up the neutral nominal

rate on liquid assets, so that a central bank following a Taylor rule as in (37) will be con-

fronted with similarly persistent inflation. While the quantitative magnitude appears to

be of a moderate size, it effectively impedes going the “last mile” on disinflation after the

shock. Recall also that the analyzed shock scenario induced a raise in the annual Public

Debt-to-GDP ratio of only one percentage point. Of course, for a more substantial debt

expansion we would expect the absolute effects to be larger.

5.2 Response under alternative fiscal policy

To further support the notion that the public debt dynamics after the shock are indeed

the reason behind the persistently elevated inflation, I additionally consider a model coun-

terfactual in which the fiscal authority holds both its debt and government consumption

constant over time, i.e. Bt = Bss and Gt = Gss ∀t, and adjusts the tax rates to balance its

budget without delay: The resulting dynamics are displayed as red-dashed lines in Figure

5. We see very similar dynamics for several real variables, such as output, unemployment

and wages, although the model features a steeper consumption drop caused by the imme-

diate tax increase upon impact of the shock. The change in the Debt-to-GDP ratio is only

due to the impact of the TFP shock on its nominator. Now, in line with the intuition from

the simple model, we see that under the alternative fiscal policy, inflation goes up less and

is less persistent: it is approximately back at its steady state level after 10 quarters. In

turn, the central bank also does not end up raising rates as much as in the baseline model.

The faster decline of the real rate on liquid assets also stabilizes investment, which is not

crowded out by additional government debt in this scenario.

20The (expected) liquidity premium is defined as Et

[
qt+1+rkt+1

qt

/
Rb

t+1

πt+1

]
.
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Figure 6: Inflation response in different model versions

5.3 Comparison with RANK/TANK

While the policy counterfactual above reaffirms the important role of public debt in shaping

the inflation response to the supply shock, one may still have doubts whether the difference

is actually driven by the mechanism outlined above. For example, the counterfactual fiscal

policy also implies a substantially different time path for investment, which affects final

goods demand and could in turn influence inflation. As an additional sanity check, it is

therefore useful to consider the RANK and TANK versions of the model, which do not

provide for effects of public debt on the natural rate of interest due them not featuring

idiosyncratic income risk. The IRFs of the RANK model are additionally displayed as

the green dot-dashed line in 5: Except the initial drop in consumption, they are broadly

similar to the HANK model but feature inflation dynamics much closer to the HANK

model under tax financing. Figure 13 in Appendix D additionally provides the IRFs of

the TANK model and yields a similar picture, supporting the analytical result that the

presence of income risk and not just high MPCs are the key driver of that “fiscal inflation”.

Finally, Figure 6 shows the inflation responses of all different model versions under the

different fiscal policy scenarios, which we see to affect inflation dynamics only in the HANK

economy.

5.4 The role of the asset market structure

As demonstrated in Section 4.3, the (long-run) elasticity of the model’s bond return with

respect to government debt was crucially determined by how useful productive capital

assets are for providing liquid assets suitable for self-insurance. In the model, this is de-
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Figure 7: Model responses for different Ψ values

termined by the cost parameter Ψ, which effectively stands in for various financial market

frictions. Given that the model was intentionally calibrated so that this parameter does

not affect its steady state, we are in a position to assess how the model’s aggregate response

changes depending on the strength of said friction. To do so, I additionally compare the

response of the baseline calibration to alternatives with Ψ = 0.0025 and Ψ = 0.01. As can

be seen in Figure 3 in Section 4.3, the former induces a long-run response of the liquid

bond rate of around 3 b.p., which corresponds to the lower end of the estimates from the

literature. The latter is an ad hoc higher value. Figure 7 presents model IRFs for these

different cases: As we see, the precise value of Ψ does only have a marginal impact on

the real responses to the TFP shock but induces a noticeable higher (lower) medium-run

inflation for an higher (lower) value of Ψ. This suggests the structure of the asset market

to be a important factor for shaping inflation dynamics in HANK models.

Overall, the analysis in this section identified a noticeable effect of public debt on in-

flation dynamics in the aftermath of a negative supply shock. As the shock induced only

a limited government debt expansion by itself, its overall quantitative magnitude was lim-

ited but very persistent. The latter is naturally a function of the exact fiscal policy rule

in place and faster consolidation would make the “fiscal inflation” more short-lived.
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Figure 8: Model responses to the gov’t spending shock

6 Inflation after fiscal shocks

In addition to various supply side shocks, previous or concurrent government spending

expansions have been argued to be additional drivers behind the 2022/2023 inflation bout

(see e.g. de Soyres et al., 2022). As such policies can be inflationary also according to

many theories not providing for effects of government debt on the natural rate of interest,

it is relevant to evaluate the potential of that particular mechanism to influence inflation

dynamics in the aftermath of such shocks. In this section, I do so in the context of

a persistent shock to government consumption G, a standard scenario in the literature.

However, similar insights apply to a “stimulus check” shock (see Appendix C.3).

6.1 Response to a Government spending shock

I begin by studying the response to a government spending shock that persistently in-

creases G, which is assumed to increase by 0.5% of steady state GDP on impact and then

revert back according to

log(Gt+1) = (1− ρG) log(Gss) + ρG log(Gt)

with ρG = 0.94: This value implies an annual persistence of around 0.78, similar to the

value chosen by Auclert et al. (2023).

Figure 8 displays the corresponding model responses, contrasting them with those of the

TANK model version: Recall that the latter also deviates from Ricardian equivalence but
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does not allow for the additional feedback of public debt on the natural rate. Overall,

in the HANK model the spending shock has approximately a unit multiplier on impact

and substantially reduces unemployment. However, consumption declines after the shock,

due to a) the central bank inducing a higher real interest rates due to the ensuing infla-

tion and b) the eventually increasing tax rates necessary to consolidate the government

budget. This is qualitatively consistent with the results of other HANK models (Kaplan

and Violante, 2018). Overall, the government’s (annual) debt-to-GDP ratio increases by

about 1.5% five years after the initial shock and is decreased slowly afterwards. At the

same time, as for the TFP shock, inflation remains elevated long after the shock.

The results of the TANK model are qualitatively similar but several differences are ap-

parent: The spending shock stimulates the economy less and consumption drops more

on impact. Additionally, inflation does not only go up less but also lacks persistence.

Of course, the different real dynamics align well with previous findings that households’

intertemporal MPCs matter substantially for the real effects of fiscal expansions and that

these can be quite different between HANK and TANK models (Auclert et al., 2023). In

contrast, the latter suggests that the inflationary pressure created by higher government

debt may matter substantially for price dynamics after the fiscal shock, too.

6.2 Varying asset market structure

To further back up this conclusion, we can compare the aggregate model responses for

different Ψ-values: Recall that this parameter determines the magnitude of the effect of

public debt supply on liquid bond returns. So, if pressure on the neutral rate due to

persistently higher public debt is an important driver of inflation after the fiscal shock,

we should expect the response of the latter change substantially for different values of Ψ.

This is exactly what we see on Figure 9, with a lower (higher) Ψ substantially decreasing

(increasing) inflation after the shock. Of course, the result is also again testament to the

importance of the asset market structure for inflation outcomes. But even for the low

Ψ = 0.0025, inflation remains noticeably elevated after the shock.

In conclusion, the inflationary effects of government debt present in HANK models are at

least as relevant for the aggregate response to fiscal shocks as they are for supply shocks.

Indeed, they appear even more pronounced for the latter. While this is partly mechan-

ical due to the fiscal shock scenario resulting in a stronger debt expansion, the different

unemployment response may also play a factor: in HANK models, the resulting higher

idiosyncratic risk depresses interest rates and inflation (see e.g. Bayer et al., 2019), so that

the effect should be stronger when a debt increase is accompanied by lower unemployment

risk.
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Figure 9: Model responses to spending shock for different Ψ

7 Implications for monetary policy

The previous two Sections established that according to HANK, increasing public debt

in the aftermath of macroeconomic shocks generates additional inflationary pressure that

lasts as long as debt is high. Naturally, central banks tasked with ensuring price stability

would want to counteract such pressure. But how?

A natural possibility would be for the central bank to act more “hawkish”, i.e. react

stronger to deviations of inflation from its target. This is also suggested by equation (15)

that provided us intuition for the inflationary effects of public debt in Section 2.4: If the

central bank operates a Taylor rule with a very high reaction to inflation θπ, π̃1 will be

affected less by changes in the “natural rate”. As “hawkish” policy for the model experi-

ment below, I will consider the alternative value θπ = 2.0 in interest rate rule (37).

However, we now know that the underlying issue is the increased government debt gener-

ating pressure on the neutral rate of interest. What if the monetary authority were to take

this into account directly? Of course, the neutral rate is an unobservable object that can

at best be estimated, but central banks obviously know the current state of public finances

and could thus react to deviations of public debt from trend directly. In the model (and

perhaps reality), this can be operationalized by adding a public debt term to interest rate

rule (37):

RBt+1

RBSS
=

(
RBt
RBSS

)ρR [(
πt
πSS

)θπ ( Bt
BSS

)θB]1−ρR
. (41)
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Figure 10: Model responses to gov’t spending shocks under different monetary rules

Below, I will refer to (41) as the “debt targeting” rule and use θB = 0.004, an ad hoc value

that serves illustration purposes.

To assess the potential of the different interest rate rules to overcome the inflationary

pressure from higher government debt, I contrast the resulting IRFs to the government

spending shock in Figure 10. Clearly, either of the alternative rules is able to reduce

the inflationary impact of the shock. However, we also see that a central bank that acts

more “hawkish” but does not take into account public debt will still face inflation staying

persistently above target, albeit at a lower level compared to the Baseline policy rule.

Additionally, the “hawkish” policy comes at the cost of a stronger reduction in private

consumption at impact and smaller responses of output and unemployment. This contrasts

with the “debt targeting” rule, which yields slightly higher inflation at the time of the shock

but achieves disinflation faster without any long-lasting “last mile” delays. Moreover,

compared to the “hawkish” reaction, it gives rise to more favorable real dynamics, which

are initially barely distinguishable from the Baseline response. Similar results arise for

the case of the TFP shock, with an equivalent to Figure 10 being provided in Appendix D

(Figure 16): The “debt targeting” rule achieves faster disinflation at lower real cost. So,

according to HANK, fast disinflation after shocks accompanied by substantial increases in

public debt requires monetary policy makers to sufficiently take into account the resulting

upward pressure on liquid asset interest rates.
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8 Robustness

Given the complexity of the 2-asset HANK model used for the analysis above, one may

naturally wonder whether the respective results hinge on a peculiar modelling assumption

or calibration choice. To assuage related concerns, this section briefly discusses varies

robustness checks I have conducted, with most details relegated to the Appendix.

Given the subject of the paper, one would hope that the results do not crucially depend

on the particular choices of how fiscal policy is modeled. For example, the main text

assumed that the fiscal authority consolidates it budget by raising the level of taxes τ ,

even though we do not routinely observe government raising taxes in the aftermath of

recessions. However, the discussion in Appendix C.1 reveals that similar results obtain

if one assumes the government to never change tax rates but to adjust its spending G

instead.

Next, all government debt in the baseline model consisted of one-period bonds, which is

clearly not the case in reality. While it is difficult to include a realistic maturity structure

of public debt into a quantitative DSGE model, Appendix C.1 analyzes the implications

of alternatively assuming a geometric maturity structure as used in the previous litera-

ture. While this induces somewhat larger valuation losses for bondholders at impact of an

inflationary shock, it does not substantially affect model dynamics afterwards.

When thinking about the recent inflationary episode, one may also wonder to what extent

the fiscal shock analyzed in Section 6 is a relevant scenario, given that many countries in-

creased transfers instead of government consumption around that period. But as discussed

in C.3, the insights from said exercise also apply to a “stimulus check” shock in which the

fiscal authority pays out debt-financed surprise transfers to the model households.

Aside from fiscal policy itself, one may also worry about other aspects of the calibration:

While many parameter choices are standard, this is not the case for the capital adjustment-

and utilization cost parameters ϕk and δ2/δ1, the estimates for which vary considerably

in the literature. I thus repeated the analysis for the alternative calibration φk = 7.5 and

δ2/δ1 = 3.0. However, as can be seen by inspecting Figure 21 in Appendix D, the different

capital adjustment costs do not meaningfully impact inflation dynamics compared to the

baseline model. This is also true for the fiscal policy shock results presented in Figure 22.

Another concern regarding the calibration may be that the baseline interest rate rule does

not include a response to unemployment or the output gap. Would a “dual mandate”

central bank also targeting either face a similar debt-driven inflation persistence? Fig-

ures 23 and 24 in Appendix D also display the aggregate responses if I set θu = 0.15 as

in Gornemann et al. (2021). If anything, the unemployment response further increases

inflation persistence after either shock.
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9 Concluding Remarks

This work has theoretically studied the interaction between public debt and inflation,

highlighting an additional channel for the former to affect the latter: If government debt

obligations are useful beyond merely being a vehicle for intertemporal substitution, tem-

porary increases in their supply affect equilibrium interest rates, which creates inflationary

pressure if not explicitly taken into account by central banks.

For the purposes of this paper, the mentioned usefulness is micro-founded through house-

holds facing idiosyncratic risk and requiring liquid debt obligations for self-insurance due

to the absence of a complete market for state-contingent assets. Other settings, in which

different actors such as firms or banks value liquid government debt for self-insurance

reasons, should have similar implications. Studying the quantitative magnitude of the

channel in a state-of-the-art 2-asset HANK model required deviating from common as-

sumptions on asset market structure in such models, which would have implied them to

be either overly strong or weak. Eventually, I found the mechanism to be quantitatively

relevant for both supply- and fiscal policy shocks: Although it implies its magnitude to

be moderate compared to the overall inflation generated by these business cycle shocks,

it can result in persistently elevated inflation in their aftermath so that going the “last

mile” to disinflation takes a long time. However, according to the model, a central bank

can avoid this outcome by explicitly reacting to deviations of public debt from its long-run

trend. So, even if the sustainability of government budgets is taken as granted, monetary

authorities should pay attention to government debt dynamics and calibrate their policy

stance accordingly.

Ultimately, the conducted analyses also suggest topics for further work. In particular,

it seems important to further study the implications of asset market arrangements for

monetary and fiscal policy, which seem to be particularly pronounced if accounting for

household heterogeneity and incomplete markets. I hope to do so in future work.
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A Proofs for analytical model

A.1 Proof of Proposition 1

Let us first consider the First order condition for labor supply of an household of type

i ∈ {h, l}:

wtz
i

cit
= γ

1

1−N i
t

⇔ (1−N i
t )wtz

i = γ

(
wtz

iN i
t +

(1 + it)

πt
bit−1 − bit − ziτ

)
(42)

⇔ N i
t =

1

1 + γ

1

wtzi

(
wtz

i + γ(bit + ziτ − (1 + it)

πt
bit−1)

)
(43)

where the ct is substituted using the budget constraint in the second step. Summing up

the labor supplied by both groups yields aggregate labor supply

Nt = ρhzhNht + (1− ρh)zlNlt

=
1

1 + γ

ρh

wt

(
wtz

h + γ(bht + zhτ − (1 + it)

πt
bht−1)

)
+

1

1 + γ

1− ρh

wt

(
wtz

l + γ(blt + zlτ − (1 + it)

πt
blt−1)

)
=

1

1 + γ
(44)

The second step follows uses (1), bond market clearing condition

bgt = 0 = ρhbht + (1− ρh)blt ∀t ≥ 1

and in turn also τt =
1+it
πt
bgt−1 by the government budget constraint (7) and the assumed

policy path.

Next, it is easy to see that either group of household’s intertemporal Euler equation will

be of the form

cit+1 = β
(1 + it+1)

πt+1
cit . (45)

Using again the budget constraints, we further obtain

ρhcht + (1− ρh)clt =

ρh
(
wtzhNht +

(1 + it)

πt
bht−1 − bht − zhτt

)
+ (1− ρh)

(
wtzhNht +

(1 + it)

πt
bht−1 − bht − zhτt

)
=

wt
1 + γ

after again using (1), (7), the bond market clearing condition and additionally (44). Nat-

urally, absent profit incomes and capital investments, total household consumption must

equal household labor income.
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In turn, we can sum up (45) over types to obtain

ρhcht+1 + (1− ρh)clt+1 = β
(1 + it+1)

πt+1
(ρhcht + (1− ρh)clt)

=⇒ wt+1 = β
(1 + it+1)

πt+1
wt (46)

Together with (6) and (5), (46) forms a system that characterizes the equilibrium of the

model for t ≥ 1. Since r∗t = 1
β − 1 ∀t ≥ 1, it is easy to verify that πt = 1, wt =

ϵ−1
ϵ

and it = r∗t indeed solve that system. Local stability of this equilibrium is ensured by the

Taylor principle.

Also, from the Euler equation it follows that in such an equilibrium, the consumption

either household type i ∈ {h, l} will be constant over time. Hence, we can back out their

savings choice from the budget constraint for t = 1 and t = 2:

ci1 = ci2

⇔ w1z
iN i

ss + (1 + i1)bi0 − bi1 − ziτ1 = w2z
iN i

ss + issbi1

⇔ bi1 =
1

1 + iss

(
(1 + i1)bi0 − ziτ1

)

The second step uses that for t ≥ 1, we need to have bit+1 = bi+2 and since cit = css as

well as wt = wss∀t ≥ 1, also N i
t = N i

ss due to the first-order condition for labor supply.

Using that result in (43), we obtain the labor supply as stated in the Proposition, which

we can in turn use in the labor supply optimality condition as in (42) to back out the

stated consumption schedule.

A.2 Proof of Proposition 2

Using that 1 − N i
ss = γ ciss

wsszi
according to (9) and (10), we can derive the continuation

value of a household that enters period 1 with b1 bonds and productivity draw i ∈ {h, l}
to be

V i
1 (b0) =

1

1− β

[
(1 + γ) log

(
1

1 + γ

(
wsszi +

iss
1 + iss

(
(1 + i1)b0 − ziτ1

)))
+ γ log

γ

wsszi

]
This allows us to state the problem of a household in period 0 as

max
b0,N0

{
log(w0N0 + T0 − b0) + γ log(1−N0) + β

[
ρhV h

1 (b0) + (1− ρh)V l
1 (b0)

]}
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which has the following first order conditions:

N0 :
w0

w0N0 + T0 − b0
=

γ

1−N0

b0 :
1

w0N0 + T0 − b0
= βρh

dV h
1 (b0)

db0
+ β(1− ρh)

dV l
1 (b0)
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1+iss

(1 + i1)

1
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iss
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ρh

iss
1+iss

(1 + i1)

1
1+γ

(
wsszl +

iss
1+iss

((1 + i1)b0 − zlτ1)
)

Since households are identical in period 0, they will make the same choices regarding bond-

holdings. Thus, asset market clearing requires b0 = bg0 and in turn b0 = T0 by the fiscal

authority’s budget constraint. Using that in the first order condition for labor supply, we

obtain N0 =
1

1+γ . Since c0 = w0N0+T0−b0, it further follows that c0 = w0
1+γ . Substituting

these results into the first order condition for bond holdings, it simplifies to

1

w0
= βρh

(1 + i1)(
wsszh +

iss
1+iss

((1 + i1)b0 − zhτ1)
)

+ β(1− ρh)
(1 + i1)(

wsszl +
iss

1+iss
((1 + i1)b0 − zlτ1)

) (47)

which furthermore uses that iss
1+iss

= 1− β due to the assumptions made above. Since we

will have π1 = 1 according to Proposition (1), it follows immediately from the Phillips

curve (5) that

w0 =
ϕ(π0 − 1)π0 + ϵ− 1

ϵ
. (48)

Additionally, because of the assumed government policies, the tax rate in t = 1 needs to

fulfil

ρhzhτ1 + (1− ρh)zlτ1 =
1 + i1
π1

bg0 ⇔ τ1 = (1 + i1)b
g
0

where the second step uses (1) and π1 = 1. By substituting the above as well (48) and

the Taylor rule (6) into (47), we obtain the equation that characterizes π0 as stated in the

Proposition:

ϵ
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= βρh

1 + r∗0 + θπ(πt − 1)
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.

46



A.3 Proof of Proposition 3

By the Implicit Function Theorem, since rn0 (g
0
b ) is implicitly defined by F (gb0, r

n
0 (g

0
b )) = 0

with

F (gb0, r
n
0 ) = βρh

1 + rn0
wsszh +
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(1 + rn0 ) b
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/
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The derivatives in (49) are given by
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Since wssz
h > 0 and wssz

l > 0, it is clear that ∂F
∂rn0

> 0. However, things are less obvious

for (50), as its first term is positive and its second term is negative since zl < 1. However,

notice that if
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(1 + rn0 ) b
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then
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(the final equality follows from (1)). This means that if (52) holds, then ∂F
∂b0g

< 0 and thus

∂rn0
∂b0g

> 0. For that to be the case, we require

wss −
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Under our restriction 0 ≤ bg0 <
ϵ−1
ϵ

β
1−β = wss

iss
, this will be the case. Notice first that rn0 (b

g
0)

as implicitly defined by (13) fulfills

rn0 (0) =
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(
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+ 1−ρh
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) − 1 <
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as ρh

zh
+ 1−ρh

zl
> 1

ρhzh+(1−ρh)zl = 1 due to Jensen’s Inequality. Now, guess that (53) does

hold for any bg0 ∈ [0, wss/iss). In that case, our previous results imply that rn0 is increasing

at any of these values. But then, as there is no discontinuity around wss/iss, (54) requires

that we also must have rn0 (b
g
0) < iss at these values. In turn, (53) is indeed true and we

have chss > clss. So, it is also clear that
∂rn0
∂b0g

< 0, establishing the proposition that
∂rn0
∂b0g

> 0.

A.4 Proof of Proposition 4

We proceed similar as in Appendix (A.3). Given that (12) implicitly defines π0 as a

function of bg0 for given parameters,

∂π0
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(1 + r∗0 + θπ(π0 − 1)) bg0(1− zh)
)2

+ β(1− ρh)
iss

1+iss
(1 + r∗0 + θπ(π0 − 1))2(zl − 1)(

wsszh +
iss

1+iss
(1 + r∗0 + θπ(π0 − 1)) bg0(1− zl)

)2 . (56)

Additionally,

∂F π

∂π0
= βρh

θπwssz
h

(1 + γ)chss
+ β(1− ρh)

θπwssz
l

(1 + γ)clss
+

ϵϕ(2π0 − 1)

(ϵ− 1 + ϕ(π0 − 1)π0)2
.

Since we are considering the derivative around r∗ = rn0 (b
0
g) at which π0 = 1, 2π0 − 1 > 0

so all the terms are positive and ∂Fπ

∂π0
> 0.

Regarding (56), we can use the same argument as in Appendix (A.3). If chss > clss, then

∂F π

∂b0g
= βρh

iss
1+iss

(1 + r∗0 + θπ(π0 − 1))2(zh − 1)

((1 + γchss))
2 + β(1− ρh)

iss
1+iss

(1 + r∗0 + θπ(π0 − 1))2(zl − 1)

((1 + γclss))
2

< βρh
iss

1+iss
(1 + r∗0 + θπ(π0 − 1))2(zh − 1)

((1 + γchss))
2 + β(1− ρh)

iss
1+iss

(1 + r∗0 + θπ(π0 − 1))2(zl − 1)

((1 + γchss))
2 = 0

Again, we are considering the case with r∗0 = rn0 (b
0
g) for some b0g ∈ [0, wss/iss), so from the

analysis in Appendix A.3, we know that indeed chss > clss in this case. Thus ∂Fπ

∂b0g
< 0 and

hence ∂π0
∂b0g

> 0, which establishes the proposition.
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B Details on quantitative HANK model

B.1 Wage determination

During theM subperiods of a period’s production stage (compare Section 3.1), the worker

and the labor agency take turns extending wage offers: I will be denoting variables on a

per-subperiod basis with a ∆, e.g. h∆,t :=
ht
M is the revenue a labor agency for producing

during one of the sub-periods etc..

I assume that in any given period, the labor agency gets to make the first offer. If

the worker rejects it, she can make a counter-offer in the next period that the firm can

reject or accept, and so on. Once a wage agreement has been reached, the match starts

producing labor services and the worker is paid the agreed wage rate for the remainder

of the period. However, before that happens, an agency matched with a skill s-worker

incurs a cost of delay γ∆(s) per sub-period, while the worker will receive an outside income

b̃∆,t(s) per sub-period. Both these values will have to depend on the respective’s workers

productivity s to avoid high (low) productivity workers being able to bargain wages that

are disproportionately low (high) comparatively to their skill. If no wage is accepted

before the last period M , the worker gets to make a take-it-or-leave-it offer during the

last sub-period (M is even). If rejected by the firm, the match irreparably dissolves and

the worker enters the pool of the unemployed.

Now, to characterize the wage outcome, we first note that independently of worker wealth,

a worker (agency) in our model would always like the wage to be as high (low) as possible.21

In turn, it is optimal for each party to make offers barely acceptable to the other.22 Hence,

slightly abusing notation, if a firm gets to make an wage offer wfj,∆,t to a worker in a sub-

period j < M , this offer should fulfill

V
(
(1− τy)[(M − j + 1)wfj,∆,t + (j − 1)b̃∆,t(s)], · · ·

)
=V

(
(1− τy)[(M − j)(1− τw)wwj+1,∆,t(s) + jb̃∆,t(s), · · ·]

)
(57)

with V being a value functions as in (21) or (22), having added yt as additional input.

The left-hand side is the value a worker would obtain from accepting the offer, while the

right-hand side is the value of not accepting and making the equilibrium counter-offer

wwj+1,∆,t(s) in the next sub-period (which will be accepted). Since V as in (21), (22) is

strictly increasing in income (additional resources can always be consumed), (57) implies

(M − j + 1)wfj,∆,t(s) + (j − 1)b̃∆,t(s) = (M − j)wwj+1,∆,t(s) + jb̃∆,t(s) . (58)

Intuitively, worker wealth does not matter for in indifference condition (57), as any worker

prefers higher period income in our setting. Similarly, if a worker gets to make an wage

21This may not generalize to some settings with endogenous separations in which the firm has the

opportunity to lay off the worker ex-post.
22If indifferent, a party is assumed to accept.
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offer wfj,∆,t to a firm in a subperiod j < M , this offer should fulfill

(M − j + 1)(h∆,ts− wwj,∆,t(s)) = −γ∆(s) + (M − j)(h∆,ts− wfj+1,∆,t(s)) . (59)

Finally, if no wage is accepted until period j =M , the indifference condition for an agency

contemplating a worker’s offer wwM,∆,t would be

h∆,ts− wwM,∆,t(s) + (1− ζ)(1− δ(st))βEtJ(st+1,Γt) = 0 (60)

as, if rejecting the offer, the firm would have to look for a new worker, the value of which

is 0 due to free entry. We note that worker wealth does not enter indifference condition

(60) either, as any worker would like to claim the maximum possible amount of income

during the final bargaining period.

Since the equilibrium wage outcome can be characterized using equations (58), (59) and

(60), it follows that our AOB bargaining scheme delivers wages that are independent of

worker wealth:

Proposition 5. The per-period wage of a matched worker with labor productivity s will

be given by

wt(s) =
1

2

(
hts+ b̃t(s)

)
+
M − 2

2M
γ(s) + (1− ζ)(1− δ(st))βEtJ(st+1,Γt) . (61)

Proof. Re-arranging indifference conditions (58) and (59) yields

wfj,∆,t(s) =
b̃∆,t(s)

(M − j + 1)
+

M − j

M − j + 1
wwj+1,∆,t(s) (62)

and

wwj,∆,t(s) =
γ∆(s) + h∆,ts

M − J + 1
+

M − j

M − j + 1
wfj+1,∆,t(s) (63)

which we can combine to obtain

wwj,∆,t(s) =
γ∆(s) + h∆,ts+ b̃∆,t(s)

M − j + 1
+
M − j − 1

M − j + 1
wwj+2,∆,t(s) . (64)

Iterating (64) forward M/2− 1 times, we obtain

ww2,∆,t(s) =
M − 2

2

γ∆(s) + h∆,ts+ b̃∆,t(s)

M − 1
+

1

M − 1
wwM,∆,t(s)

which we can use in (62) for j = 1 to get

wf1,∆,t(s) = b̃∆,t(s) +
M − 2

2

γ∆(s) + h∆,ts+ b̃∆,t(s)

M
+

1

M
wwM,∆,t(s) . (65)

Substituting (60) and re-arranging, we obtain the equilibrium subperiod 1 offer extended

by the firm

wf1,∆,t(s) =
1

2

(
h∆,ts+ b̃∆,t(s)

)
+
M − 2

2M
γ∆(s) +

1

M
(1− ζ)(1− δ(st))βEtJ(st+1,Γt)

(66)

which will be accepted. In turn, the period wage is this wage times M , i.e.

wt(s) =
1

2

(
hts+ b̃t(s)

)
+
M − 2

2M
γ(s) + (1− ζ)(1− δ(st))βEtJ(st+1,Γt) .
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B.2 Definition of equilibrium

Definition 1. A Recursive Equilibrium of the model consists of

� value functions V a(ait, kit, eit, sit,Ψit; Γt), V
na(ait, kit, eit, sit,Ψit; Γt) and J(sit,Γt),

� household policies aa(ait, kit, eit, sit,Ψit; Γt), a
na(ait, kit, eit, sit,Ψit; Γt), k(ait, kit, eit, sit,Ψit; Γt)

and ca(ait, kit, eit, sit,Ψit; Γt), c
na(ait, kit, eit, sit,Ψit; Γt),

� firm sector policies It, Kt, Ht, Yt, ut, θt,B
l
t, Πt,yjt∀j ∈ [0, 1]

� prices ht, rt, qt, r
l
t, mct

� a wage schedule wt(s)∀s ∈ S,

� government policies bt(s), Gt, Bt+1, τ
y
t , R

B
t+1,

� measures mt(·),

so that

1. Given prices rlt, rt, qt, wage schedule wt(s) and profits Πt as well as labor market

tightness θt, the value functions V
a(ait, kit, eit, sit,Ξit; Γt), V

na(ait, kit, eit, sit,Ξit; Γt)

solve the households’ Bellman equations in (21) and (22) and a(ait, kit, eit, sit,Ξit; Γt),

k(ait, kit, eit, sit,Ξit; Γt), c(ait, kit, eit, sit,Ξit; Γt) are the resulting optimal policy func-

tions.

2. yjt ∈ [0, 1] are consistent with demand schedule (4) and final output Yt given by (3).

3. Inflation πt is consistent with Phillips curve (23).

4. Given prices ht, rt, qt, mct and technology shock Zt the intermediate goods producers

choices Kt, Ht, ut are consistent with optimality conditions (25)-(27).

5. Given price qt, the intermediate goods producers choices It are consistent with opti-

mality condition (28).

6. Given prices ht and wage schedule wt(s), labor agency value functions J(sit,Γt) are

consistent with (29).

7. The wage schedule wt(s) is consistent with bargaining outcome (33).

8. Labor market tightness θt is consistent with free-entry condition (32).

9. The Liquid Asset Funds’ portfolio choice is consistent with (35).

10. The return of liquid assets is given by (71).
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11. Given inflation πt and unemployment ut, the monetary authority set RBt+1 according

to (37).

12. Taking the remaining values as given, the government sets taxes according to (??)

and issues debt Bt+1 so that (38) holds.

13. The market for liquid asset clears, i.e.

Alt =

∫ ∞

a
aitmt(ait)dait .

14. The government bond market clears, i.e.

Bl
t = Bg

t .

15. Capital market clearing requires, i.e.

Kt =
Alt −Bl

t

qt−1
+

∫ ∞

0
kitmt(kit)dkit .

16. The market for investment good clears, i.e.

Kt+1 = (1− δ(ut))Kt +

[
1− ϕ

2

(
It
It−1

− 1

)2
]
It

17. The market for labor services clears, i.e.

Ht =
∑
s∈S

sme
t (s) .

18. The market for intermediate goods clears, i.e.∫ 1

0
yt(j)dj = Ft(utKt, Ht)

19. The final good market clears, i.e.

Yt =Ct +Gt + It +
ϕ

2

[
It
It−1

− 1

]2
+ κVt + R̄

∫ 0

a
aitmt(ait)dait

−

[
ϕ+

Ψ

2

(
1− Bl

t

Alt

)2
]
Alt .

20. The dynamics of measures mt(·) is consistent as described in Appendix B.3

B.3 Details on measures m

Formally, mt describes a probability measure on the measurable space (X ,A), with X :=

[a,∞]×R+ × [0, 1]×S × [0, 1] and A := B([a,∞])×B(R+)×P([0, 1])×P(S)×P([0, 1]),

where P(·) denotes the power set and B(·) the Borel σ-algebra of a given set.

Practically, with some abuse of notation, we have mt(·) describe the masses of households
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in a particular state at the beginning at period t, i.e mt(a = ai, k = ki, e = ei, s =

si,Ξ = Ξi) is the mass of households with assets ai, ki, employment status ei, skill si

and “entrepreneur status” Ξi. For ease of notation above, I suppress states that are fully

integrated over, e.g.

mt(a = ai, e = ei) =
∑

Ξi∈{0,1}

∑
si∈S

∫ ∞

0
mt(a = ai, k = ki, e = ei, s = si,Ξ = Ξi)dki (67)

denotes the mass of households with employment status ei and bond holdings ai. Addi-

tionally, I suppress the annotation of non-suppressed inputs whenever it does not cause

any confusion, i.e. we may write mt(ei) = mt(e = ei).

Naturally, to be consistent with a unit mass of households, we require∑
ei∈{0,1}

∑
Ξi∈{0,1}

∑
si∈S

∫ ∞

0

∫ ∞

a
mt(a = ai, k = ki, e = ei, s = si,Ξ = Ξi)daidki = 1 .

Additionally, the evolution of measures also need to be consistent with household choices.

Defining

X̃na(a′, k, e, s,Ψ;Γt) :=
{
a ∈ [a,∞) : ana(a, kit, eit, sit,Ψit; Γt) = a′

}
X̃a({a′, k′}, e, s,Ψ;Γt) :=

{
{a, k} ∈ [a,∞)× R+ : aa(a, k, s,Ψ;Γt) = a′ and

k(a, k, e, s,Ψ;Γt) = k′
}

as well as the “middle of period” measure m̃t(a, k, e, s,Ξ) fulfilling

m̃t(a, k, e = 1, s,Ξ = 0) = pUEt mt(a, k, e = 0, s,Ξ = 0) + (1− δ(s) + δ(s)pUEt )mt(a, k, e = 1, s,Ξ = 0)

m̃t(a, k, e = 0, s,Ξ = 0) = (1− pUEt )mt(a, k, e = 0, s,Ξ = 0) + δ(s)(1− pUEt )mt(a, k, e = 1, s,Ξ = 0)

m̃t(a, k, e, s,Ξ = 1) = mt(a, k, e, s,Ξ = 1)

means they must follow

mt+1(a, k, e, s, ψ = 0) =

(1− ζ)
∑
st∈S

Πs(s, |st, e)

(
λ

∫
X̃a({a,k},e,st,Ξ=0;Γt)

dm̃t(ait, kit, st,Ξt = 0)

+ (1− λ)

∫
X̃na(a,k,e,st,Ξ=0;Γt)

dm̃t(ait, k, st,Ξt = 0)

)

+ ιps

(
λ

∫
X̃a({a,k},e,s,Ξ=1;Γt)

dm̃t(ait, kit,Ξt = 1) + (1− λ)

∫
X̃na(a,k,e,s,Ξ=1;Γt)

dm̃t(ait, k,Ξt = 1)

)
and

mt+1(a, k, e = 0, ψ = 1) =

ζ

(
λ

∫
X̃a({a,k},e,s,Ξ=0;Γt)

dm̃t(ait, kit,Ξt = 0) + (1− λ)

∫
X̃na(a,k,e,s,Ξ=0;Γt)

dm̃t(ait, k,Ξt = 0)

)

+(1− ι)

(
λ

∫
X̃a({a,k},e,s,Ξ=1;Γt)

dm̃t(ait, kit,Ξt = 1) + (1− λ)

∫
X̃na(a,k,e,s,Ξ=1;Γt)

dm̃t(ait, k,Ξt = 1)

)
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Finally measures me
t ,m

u
t and mΨ

t will fulfill

me
t =

∑
s∈S

[
(1− δ(s) + δ(s)pUEt )mt(e = 1, s) + pUEt mt(e = 0, s)

]
as well as

mu
t =

∑
s∈S

[
δ(s)(1− pUEt )mt(e = 1, s) + (1− pUEt )mt(e = 0, s)

]
.

B.4 Details on numerical implementation

B.4.1 Details on Steady State Solution

The household problem needs to be solved on a discretization of the state space: I choose

70 grid points for both a and k, either of which are non-linearily spaced as household

decision functions tend to be more non-linear for lower levels of assets. In particular, the

grid points for both a for k are spaced according to the “double exponential” rule, i.e.

X = xmin + exp(exp(u(log(1 + log(1 + xmax − xmin)), ni))− 1)− 1

where xmin is the minimum value on the grid for variable x, xmax the maximum value and

u(0, xmax) a vector of equidistant points on the interval [0, xmax]. Since household value-

and policy functions will feature and additional kink around a = 0 when the borrowing

penalty kicks in, I add 5 additional grid points in the immediate vicinity of that point.

Given that individual labor productivity is discretized to 13 points, this means that the

household problem is solved on a tensor grid of 70 × 70 × (2 × 13 + 1) = 132300 points

(the “entrepreneur” status adds an additional “income” state to the 2× 13 for employed

and unemployed workers). The discretization of the individual labor productivity process

is described in the main text, Section 4. Whenever interpolation is needed off the grid, I

use linear interpolation

For the implementation of the multidimensional EGM algorithm, I follow the replication

codes for Bayer et al. (forthcoming) closely.23 Given the random illiquid asset adjustment,

the EGM scheme only iterates over marginal value functions (i.e. the derivatives of V with

respect to m and k) and does not compute V directly.For finding the steady, I iterate over

rlss and r
k
ss: Given these values, the remaining steady variables can be backed out and the

household-problem solved. I then use a heuristic updating procedure to search for rlss and

rkss so that the asset markets clear.

B.4.2 Details on Perturbation

As already indicated in the main text, the model’s dynamic equilibrium is approximated

using First-Order Perturbation around the its non-stochastic steady state.

23As of January 2024, these replication codes are available under https://github.com/BASEforHANK/

BASEtoolbox.jl.
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For the perturbation, note that when using the discretized representations of the marginal

value functions as well as the joint income/asset distribution, the equilibrium can be

represented as the solution to a non-linear difference equation of the form

EtF (yt,xt,yt+1,xt+1) = 0 (68)

as e.g. used by Schmitt-Grohe and Uribe (2004). y denotes a vector of control variables,

which includes the households’ marginal value functions on the grid and x a vector of state

variables, which includes the discretized distribution.

In theory, one could find the linearized equilibrium using the standard approach of com-

puting the Jacobians of F as in (68) and then solve the resulting linear difference equation

relying on methods such as Klein (2000). In practice, however, such an approach would

involve very high computational costs for the 2-asset HANK model, given that the full y

and x have a combined length exceeding 300, 000.

To overcome this problem, I use the approach by Bayer and Luetticke (2020), which con-

ducts dimension reduction steps before computing the Jacobians. Specifically, it first uses a

Discrete Cosine Transform (DCT) to dimension-reduce the marginal value functions: The

values resulting from such a DCT are coefficients of the fitted multidimensional Chebychev

polynomial, and, importantly, their absolute values have an interpretation as measuring

the “importance” of the corresponding polynomial for fitting the data. In turn, instead of

perturbing the discretized marginal value functions directly, one perturbs only the largest

of these DCT coefficients, with the others fixed at their steady state values. For this ap-

plication, I perturb the DCT coefficients accounting for 99.995% of their total Euclidean

norm.

For reducing the dimensionality of the joint distribution, Bayer and Luetticke (2020) fur-

thermore suggest to split it into marginals and a copula, where the latter is in effect

treated as a interpolator mapping the steady state marginal distributions into the joint

distribution. That “interpolator” can also be dimension-reduced through a DCT or just

kept fixed, so one only perturbs the marginals as well as selected coefficients of the copula,

which have substantially lower dimension.

In the presented set-up featuring the binary employment status, a potential problem is that

there is no unique way to define a marginal CDF over the income states for the split (or,

equivalently, that the copula is not unique). To sidestep this issue, I dimension-reduce the

joint distribution of employed and unemployed agents separately, which somewhat limits

the amount of dimension reduction that can be achieved. However, even despite that, the

procedure manages to shrink the effective dimensionality of the system to a manageable

number of approx. 1,800.

B.5 Additional model parameters

The model parameters not explicitly stated in Section 4 are provided in Table 5.

55



s γ(s) δ(s)

s1 0.1384 0.1282 0.1266

s2 0.1729 0.1601 0.123

s3 0.2157 0.1997 0.1184

s4 0.2689 0.249 0.113

s5 0.3353 0.3105 0.1065

s6 0.4188 0.3871 0.099

s7 0.5212 0.4826 0.0903

s8 0.6498 0.6016 0.0806

s9 0.81 0.74 0.07

s10 1.0096 0.9348 0.0586

s11 1.2585 1.1652 0.0470

s12 1.5685 1.4523 0.0357

s13 1.96 1.815 0.02533

Table 5: Skill-specific parameters

C Robustness

C.1 Alternative fiscal rule

As an alternative to the baseline fiscal rule (40), I consider the case of the government

always keeping taxes constant at its steady state level τt = τss and instead gradually

reduces its spending G over time to reduce its budget. In particular, I assume G to follow

the rule

Gt
Gss

=

(
Gt−1

Gss

)ρG ( Bt
Bss

)(1−ρG)ψB

(69)

also used by Bayer et al. (2023b) and use ρG = 0.94 and ψB = −0.75.

To briefly convey the impact of this alternative assumption, Figures 17 and 18 display

model responses for the TFP- and government spending shock under this alternative as-

sumptions.

Under rule (69) and the chosen parameterization, the government debt increase is some-

what less pronounced and persistent after the shocks. At the same time, we see milder

but still noticeable inflation persistence after the shocks, affirming the robustness to the

alternative assumption on fiscal policy but providing a case in point for the importance of

government debt dynamics for inflation in the aftermath of macroeconomic shocks.

C.2 Long-term government debt

For introducing long-term governments bonds, I follow Bayer et al. (2023a), who consider

a setting featuring a simple geometric maturity structure. Bonds are long-lived. Every
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period, they pay one nominal unit of return and a fraction δB of them retire without

repaying the principal.24 Denoting the nominal period t price of a bond as QBt , their

expected nominal return is thus given by

Et
QBt+1(1− δB) + 1

QBt
.

As before, similar to the baseline model, the government bonds are not directly held by

the households but instead by the LAFs whose problem becomes

max
Bl

t+1

Et

[
(rkt+1 + qt+1)

Alt+1 −Bl
t

qt
+
QBt+1(1− δB) + 1

πt+1QBt
Bl
t+1

]
−Alt+1

φ+
Ψ

2

(
1−

Bl
t+1

Alt+1

)2
 ,

(70)

and the ex-post return to household’s liquid savings will be given by

rat =
(qt + rkt )(A

l
t −Bl

t) +
QB

t (1−δB)+1

πt+1QB
t−1

Bl
t

Alt
− φ− Ψ

2

(
1− Bl

t

Alt

)2

− 1 . (71)

i.e. the LAFs pass on potential valuation losses to the households.

Regarding monetary transmission, it is additionally assumed that the model now features

a very small amount of central bank reserves yielding a nominal return determined by

(37) which can also be held by the LAFs and count as government bonds for the purposes

of the quadratic cost. In turn the following no-arbitrage condition will have to hold in

equilibrium:

Et

[
QBt+1(1− δB) + 1

πt+1QBt

]
= Et

[
RBt+1

πt+1

]
Finally, the government budget constraint (in real terms) changes from (38) to

Bt+1 + τyt

(∑
s∈S

wt(s)m
e
t (s) + Πt

)
= Gt +

(1− δB)QBt + 1

πtQBt−1

Bt + (1− τyt )
∑
s∈S

bt(s)m
u
t (s) .

(72)

The only additionally parameter this setting requires is δB, which I set to 0.05, implying

an average time to maturity of 5 years (20 quarters).

Figures 19 and 20 display model responses for the TFP- and government spending shock

under this alternative assumptions. Except slightly larger initial dips of (real) public debt

at impact of the inflationary shocks, the model dynamics are not substantially different

compared to the main text.

C.3 Response to stimulus checks

As an alternative fiscal policy scenario, I re-do some analysis of section 6 and 7 for the

case of a one time stimulus shock, at impact of which each household receives an identical

24Equivalently, such a setting can be interpreted as featuring infinitely-lived bonds with geometrically

declining coupon payments. See Woodford (2001).
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Figure 11: Model IRFs to stimulus checks by Ψ

debt-financed transfer worth 1% of steady state annual GDP per head from the fiscal

authority. Figure 11 displays the equivalent to Figure 9 in the main text. While all the

responses are more short-lived due to the one-time nature of the shock, we still clearly see

that Ψ and thus the pressure of public debt on the “neutral” liquid rate matters for the

inflation dynamics in its aftermath. Similarly, Figure 12 reveals the debt-targeting rule to

provide for a particular fast disinflation after the shock without imposing substantial real

costs.

D Additional Figures
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Figure 12: Model IRFs to stimulus checks by Ψ
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Figure 13: Model IRFs to 1% TFP shock
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Figure 14: Model IRFs to Government Spending shock
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Figure 15: Model IRFs to gov’t spending shock for different Ψ
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Figure 16: Model IRFs to TFP shocks for different policy rules
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Figure 17: Model IRFs to TFP shocks for different fiscal policy rule
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Figure 18: Model IRFs to gov’t spending shock for different fiscal policy rule
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Figure 19: Model IRFs to TFP shocks under long-term debt
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Figure 20: Model IRFs to gov’t spending shock under long-term deb
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Figure 21: Model IRFs to TFP shocks under higher adjustment costs

68



Figure 22: Model IRFs to gov’t spending shock shocks under higher adjustment costs
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Figure 23: Model IRFs to TFP shocks for different policy rules
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Figure 24: Model IRFs to gov’t spending shock for different policy rules
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