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Abstract

Recent Heterogeneous Agent New Keynesian (HANK) models provide for rich monetary-
fiscal interactions due to their lack of Ricardian equivalence. Yet, while related frame-
works are usually motivated and calibrated relating to household (micro) data, this is
insufficient to pin down a key margin of non-equivalence. I show that both in analyt-
ically tractable and quantitative 2-asset HANK models, subtle assumptions on asset
market structure give rise to disparate implications of fiscal policy: for inflation, model
determinacy and fiscal self-financing. This is because household heterogeneity by itself
influences but doesn’t pin down the liquidity value of public debt. To overcome this
issue, I propose a simple model extension and discipline it using relevant macro-level
evidence regarding the relationship between public debt and treasury returns. This
moderates the inflationary impact of public debt dynamics, but not entirely. After

large fiscal shocks, it can still generate persistently elevated “last mile” inflation.
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1 Introduction

In the aftermath of the Covid-19 pandemic as well as the economic shock following Rus-
sia’s invasion of Ukraine, both public debt levels and inflation have rapidly risen to historic
highs in many advanced countries, particularly the USA. Naturally, this has sparked re-
newed interest in the implications of fiscal policy for inflation and monetary policy. At
the same time, the macroeconomics discipline has been rapidly adopting models with
rich household heterogeneity, in particular so-called Heterogeneous Agent New Keynesian
(HANK) frameworks.

Compared to standard Representative Agent (RA) models, these frameworks substan-
tially increase the scope for fiscal expansions to matter for inflation. With an RA, transfer
payments only matter for monetary policy if it is paid for with distortionary taxes or debt
that is “unfunded”, i.e., not backed by future government revenue. Otherwise, it does
not need to affect the conduct of central bank policies. In contrast, HANK models break
these implications of Ricardian Equivalence in that they provide for constrained house-
holds with a high marginal propensity to consume (MPC) out of transfer payments as well
as an explicit usefulness of government debt to insure idiosyncratic risk (see, e.g., Kaplan
and Violante, 2018). As detailed in Section 1.1 below, this was found to substantially
increase the scope for monetary-fiscal interactions in these frameworks.

In this paper, I argue that one of these key margins of non-equivalence, the explicit
usefulness of government liquidity for self-insurance, should be subject to additional dis-
cipline for conducting joint analyses of monetary and fiscal policy with common HANK
models. The issue is the following: The HA part of these frameworks is typically cali-
brated so that it generates certain “micro moments”, e.g., regarding MPCs or the wealth
distribution, for given targets of net household wealth and steady state interest rate(s).
This generates an imperfectly elastic demand for liquid assets, which, in turn, makes their
supply important. Yet, different commonly used and seemingly reasonable assumptions
on the latter can generate disparate aggregate outcomes.

To illustrate this point, I first analyze a Tractable HANK (THANK) model a la Bilbiie
(2025) under two different assumptions on the supply of liquid assets. In the baseline case,
I assume that the asset market is segmented in that public debt constitutes the only net
supply of liquid assets, while stocks can only be held as illiquid asset. In a counterfactual,
I assume that the asset market is integrated in that stocks are also useful to provide
liquidity, as e.g. in the two-asset HANK model by Auclert et al. (2024). Either case can
generate identical micro moments in the model’s stationary equilibrium.

Their aggregate implications, however, differ substantially. The baseline model dis-
plays the extended scope for monetary-fiscal interactions identified by the recent HANK
literature: Following a debt-financed fiscal stimulus, we observe persistently elevated out-
put and particularly inflation. If monetary policy is not too hawkish, the shock can even
be self-financing as in Angeletos et al. (2024a), in that this boom automatically generates

enough tax revenue to pay for itself without further fiscal adjustments. Furthermore, the



models’ determinacy properties deviate from the standard RA case, in that a unique stable
equilibrium can be supported by a wider set of policy rules outside the regimes identified
by Leeper (1991). Despite initially identical micro-heterogeneity, none of that is the case
for the counterfactual with integrated asset markets.

Subsequently, I turn to a quantitative 2-asset HANK model in which, following Kaplan
et al. (2018) and Bayer et al. (2024), households’ illiquid assets consist of capital. While
it may be tempting to ascribe the strong implications of the asset market structure to the
relatively simple set-up of the THANK model, one can find equivalents in this substantially
richer framework. The reason is that the effect of public debt on the “natural” and
“peutral” rates of interest depends crucially on the asset market structure.! If government
bonds are traded on a liquid asset market that is segmented from the ones for other assets, a
higher stock of public debt will necessarily result in better insurance of households against
idiosyncratic risk. This drives up aggregate demand in the short run and the natural rate
in the long run. In fact, in either model, higher government debt supply increases the
natural rate and in turn liquid bond rates much more in the long run than suggested by
relevant empirical evidence (e.g., Laubach, 2009). In contrast, if the asset market is fully
integrated, a higher supply of public debt can crowd out the demand for other assets, so
that aggregate demand and asset returns do not need to adjust much. It turns out that
in that case, the model-implied responsiveness of the natural rate to public debt is much
weaker than suggested by the aforementioned evidence.

While the asset market structure cannot be pinned down using only household-side
information alone, its importance nevertheless connects to certain micro moments. In the
context of the 2-asset model, generating the above-mentioned results requires a substantial
return gap between liquid and illiquid assets. As already highlighted in the previous
literature, this is a key margin to combine high MPCs with a reasonable amount and
distribution of aggregate wealth in HANK models (c.f. Kaplan and Violante, 2022). Thus,
consistency with certain micro-moments remains key for the liquidity margin of Ricardian
non-equivalence but only conditionally on certain asset market assumptions.

The issue remains to discipline the HANK model’s asset market structure and in turn
the liquidity effect of public debt. I do so by using a simple model extension that allows
to move in between the polar cases of segmented and integrated asset markets without
changing the model’s steady state. Its calibration requires a single macro-level statistic,
the long-run effect of public debt on treasury returns, of which various estimates are
available in the literature (see, e.g., Rachel and Summers, 2019).2

Ultimately, is public debt’s liquidity value still a relevant channel of monetary-fiscal

The “natural” rate of interest is typically defined as the nominal rate consistent with a central bank’s
inflation target in the medium- to long term and taken to be “driven by fundamental factors in the economy,
including demographics and productivity growth-the same factors that drive potential economic growth”
(Powell, 2020). In contrast, the “neutral rate” is sometimes designated as the interest rate that would be

consistent with target inflation in the short or medium run (see e.g. Obstfeld, 2023).
2However, given that it does not affect the steady state, it should also be possible to estimate the key
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parameter jointly with other parameters of a HANK models’ “macro block”.



interaction in the properly disciplined HANK model? While its effects appear small for
moderate fiscal shocks, they can add up to a policy-relevant magnitude in the aftermath
of big fiscal expansions. To gauge this in the light of the recent years’ macroeconomic
events, I extend the 2-asset HANK model with an Effective Lower Bound (ELB) and filter
a series of business cycle shocks that make it align with several aggregate US time series
between 2020 and 2024. Through the lens of the model, the respective “debt inflation”
is unlikely to have played a big role for generating the inflation peak in 2022, but it can

generate the persistent “last mile” inflation in 2023 and afterwards.

1.1 Relation to the literature

This paper connects to a long tradition in macroeconomics studying monetary-fiscal policy
interactions, going back to the seminal works of Sargent and Wallace (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). As already
alluded to above, these works typically required public debt to be “unfunded” to become
a concern for monetary policy. A relevant recent contribution of this strand is Bianchi
et al. (2023), who find unfunded fiscal policy important to explain inflation persistence in
the US and also study the post-pandemic inflation.

Naturally, my work connects most closely to the sprawling HANK literature. In partic-
ular, the literature has found these frameworks to have substantially different implications
of fiscal policy for both real and nominal outcomes compared to the RA benchmark.
Firstly, the presence of constrained households with high MPCs can substantially amplify
the aggregate effects of expansionary fiscal policy, see for example Hagedorn et al. (2019)
and Auclert et al. (2024). These authors, together with Hagedorn (2021) and Angele-
tos et al. (2024b) also emphasize that these frameworks give rise to different patterns of
equilibrium determinacy. Angeletos et al. (2024b) further argue that in response to fiscal
shocks, HANK models can generate as much inflation as RA models under the FTPL.
Compared to these works, my paper explains that in addition to households’ consumption
behavior, the market for liquid assets can be crucial for HANK model’s inflation responses
and determinacy properties. It can (and arguably should) be considered separately from
MPCs.

Some HANK papers actually focus on how public debt’s liquidity value matters for
the aggregate effects of fiscal policy. This includes Bayer et al. (2023a), who focus on real
outcomes, and the independent contemporary work of Campos et al. (2024) analyzes some
of its implications for monetary policy.® Additionally, Cantore and Leonardi (2025) study
a New Keynesian model with limited heterogeneity and analyse how the presence of an

endogenous public debt liquidity premium affects the transmission of different business

3Both this and and an earlier version of my paper were first publicly disseminated on March 1, 2024.
My earlier version remains available at the ArXiv preprint server under https://arxiv.org/abs/2403.
00471v1.
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cycle shocks. My work clarifies that their results depend importantly on the assumption
of certain asset market structures in addition to household heterogeneity itself.*

My insights on the importance of the asset market structure for liquid rate dynamics
additionally bear resemblance to the findings by Chiang and Zoch (2023), who study a
2-asset HANK model with explicit financial intermediation. Comparing their structure
with alternative settings, they find the calibration of the asset market to be important
for the real effects of different policy shocks. Yet, they do not consider inflation as an
outcome and assume real returns on liquid assets to be fixed.”

Finally, my work also connects to a set of previous studies analyzing fiscal policy in other
settings deviating from Ricardian Equivalence. Related inflationary effects of “funded”
government debt were also noticed by Ascari and Rankin (2013) and Aguiar et al. (2023)
in the context of Overlapping Generations (OLG)-models with nominal rigidities and by
Linnemann and Schabert (2010) in a New Keynesian framework assuming that public debt
provides transaction services. Besides building on a different micro-foundation, my work

also employs a richer, more quantitatively oriented model.

The remainder of the paper is structured as follows: Section 2 presents the THANK
model and the respective analyses. Section 3 describes the core features of the quantita-
tive 2-asset HANK model, which will be used in Section 4 to demonstrate equivalents to
the THANK results. Section 5 expands on the mechanism and proposes a calibration of
the asset market structure. Afterwards, Section 6 evaluates the implications of the asset

market calibration. Section 7 concludes.

2 Monetary-fiscal interactions in a tractable HANK model

To illustrate my argument regarding the importance of the asset market structure for
monetary interactions, I begin by studying a simple “Tractable HANK” (THANK) model
building on Bilbiie (2025). Within this model, I will consider two different asset market

structures, which, however, can provide for an observational equivalent steady state.

2.1 Households and labor supply

The model features a unit mass of households discounting the future at rate 5. In contrast
to textbook business cycle models, these switch between two different types called “Savers”

(S) and Hand-to-Mouth (H). In particular, H and S household stay within their group

While not strictly “HANK?” papers, Aiyagari and McCrattan (1998), Challe and Ragot (2011) and
Aguiar et al. (2024) study flexible-price incomplete markets model in which the presence of idiosyncratic
risk gives rise to important liquidity effects of public debt. My work similarly suggests that in order to
assess the magnitude of their respective outcomes, it is valuable to consider the empirical counterparts of

public debt’s accompanying interest rate effects.
5Their insights may thus be the reverse of mine: If changing liquidity supply would necessitate sub-

stantial interest rate adjustments for asset market clearing but this is prevented, then other parts of the

economy have to adjust strongly.



with probabilities h and s, respectively. The remaining mass of households switch to the
other group. These probabilities are time-invariant, so the mass of H households is always
A=(1-s)/(2—s—h).
S and H households differ in the following way: S households can save by investing in
a liquid nominal asset A and a illiquid stock I, while H households cannot save at all.
Additionally, the S household switching to H can take their share of liquid savings with
them, which the H agents can consume (but not reinvest). As in Bilbiie (2025), economic
decisions for all households are made by a “family head” who pools resources within every
group of households and maximizes average utility given the constraints of the respective
groups.
The utility maximization problem of the family head can be written recursively as

W(A, 1) = max Mu(CHY + (1 = Nu(CP) + BEW (Apy1, Ii1) (1)

CP O A1, I
st. CF 4+ Ay + Iiy1 = (1 — 79 wyNy + RI + sRAA; — 7 + T,

(1= N(1-5)

CH = (1 — %)wNyw + 3

R{MA 4+ T/N+ Ty

Both resource constraints for S and H households are stated in real terms here. w € (0,1)
is a labor productivity parameter for H. 7, is a proportional tax on labor income that will
stay constant for the dynamic analysis below. 7; is a lump-sum tax on the S type, while
7 is a lump-sum welfare benefit paid to the H agents. While 7 will be more relevant for
fiscal consolidation in the analysis below, having a proportional tax 7Y will be important
for analyzing the mentioned self-financing result below. T} is a lump-sum transfer to all
households that will always equal 0 except in Subsections 2.6.1 and 2.6.2. Note that the

returns to liquid asset holdings are scaled by s and %

due to the switching.
From maximization problem (1), we can derive the following Euler equations for the

optimal consumption and saving decisions of the family head:

(CP)~7 = BER{ [s(CP) ™7 + (1= 8)(CHL1) 7] (2)
(CP)™7 = BER{1(Cy) 7 (3)

We note that the Euler equation for the liquid asset features the switching probabilities and
thus a precautionary motive. Given that the asset I is useless for insuring the consumption
in the H state, its Euler equation is standard.

Regarding labor supply, I again follow the Tractable HANK literature and assume for
tractability that hours worked are chosen by a representative union such that a standard

labor supply conditions holds for the aggregate economy, i.e.,
Cro(1 — ¥)wy = sNY, (4)

where Cy = A\CH + (1 — \)C is aggregate consumption. Aggregate labor supply is then
given by Ly = (1 — A 4+ \w) Ny



2.2 Supply side

The production side is as in textbook New Keynesian models, featuring a unit mass of
monopolistically competitive firms that produce differentiated goods using labor only. The
production function is given by Y; = L;. Firms set prices in a staggered fashion a la Calvo,
which will gives rise to a standard New Keynesian Phillips curve in the analyses below.
Given that this part of the model is well-known, I omit related derivations. Note that in
the steady state, the real wage is given by wss = 1/p where p is the steady state markup.
The firms are owned by diversified mutual fund and their profits paid out as dividends d;

to the holders of mutual fund’s shares M, see Subsection 2.4 below for more details.

2.3 Government

The government consists of a fiscal authority and a monetary authority. Outside of steady
state, the monetary authority sets the nominal interest rate i; on government debt accord-

ing to a standard Taylor rule
%t = Qn Tt

In the long run (i.e., in the steady state), it adjusts the intercept of its policy rule so that
s = 0.
The fiscal authority, in turn, levies the proportional income tax 7¢¥ and the lump-sum tax

7¢ on the rich household. The government budget constraint is given by
Bt—H :RtBBt‘f‘,Tt—F?—FG—Tytht—F(1—)\)7}

where B; denotes the stock of government bonds and GG exogenous government spending.
Below, I shall assume that in the long run, the government follows a fiscal rule that keeps
7, G and B to be constant ratios of GDP, i.e. Bss = BYss, T = TYss and G = GY,,. The
nominal rate interest on public debt is set by the central bank and RY := (1 +1;)/(1+ ).
The constant tax rate 7Y is set so that 7gswssLss = T + G, while any other changes

% For the dynamic analysis

in spending are deviation financed via the lump-sum tax 7.
around the steady state, we will similar assume G to be constant and T; = 0 except for

the analysis on the effects of the one-time transfer shock below.

2.4 Asset market

The asset market structure is the crucial element of this analysis. To sharply characterize
its importance, I focus on two different cases that I call the segmented and integrated asset

markets. As I will argue in Section 5 below, the “truth” is likely in between the two.

SAn argument for that assumption could be that the levels of income taxes may be harder to change
in the short run that other revenue sources. Keeping the distortionary tax rate 7, constant makes the
analyses more tractable, yet studying self-financing necessitates some form of proportional tax so as to
allow tax revenues to depend on economic activity. Hence, the introduction of a positive 7¥ that finances

the long-run level of the benefit and government consumption.



2.4.1 Baseline: Segmented asset markets

As a baseline, I consider the case in which households’ liquid assets are supplied by a risk-
neutral competitive Liquid Asset Fund (LAF) that can invest only in government bonds.
In turn, we have the liquid asset market clearing condition A; = B; and no-arbitrage
condition

144
T+ mp

Ethﬁl = QER], = 0By (5)

Above, 1 — ¢ € (0,1) is an iceberg cost of liquidity provision, reflecting that the LAF
may incur costs to provide liquidity to households. While its presence is unimportant for
any results of this model version, it will be useful by allowing the same non-stochastic
steady state for either asset market structure as I explain below. In turn, the asset market
clearing condition for illiquid assets is I; = M = 1 and E;R! 1= %, where @)
denotes the price of the mutual fund stocks and d; the dividends paid out by the firms.
Note that in this model version, the only role the illiquid Euler equation (3) is determining
the price of the mutual fund stocks and that allocation-wise, we could equivalently assume

profits to be paid out lump-sum to the S households.

2.4.2 Alternative: Integrated asset markets

In the alternative asset market structure, I allow the LAF to not only hold government
bonds but also to invest in or short-sell the firm stocks. In that case, in addition to (5),
the following no-arbitrage conditions must hold in equilibrium:

T+ i1 B Qt+1 + dita
—F, ,

E
"1+ Q¢

(6)
Additionally, the asset market clearing is now given by
Ay =By + (MQy — It)

implying that liquid asset holdings generically can (but do not have to) to deviate from
the stock of public debt.”

2.5 Steady State analysis

The non-stochastic steady state of the baseline model version is easily characterized. In
that case, we know Ags = Bsg, so that Oy, = (1 — (1 — ¢)RBB — G)Y,, and given the
assumptions on the income tax level, 7¥ = % = (T + G)p. Using this in the labor
supply condition, one can then obtain Y, N and S in terms of parameters. In turn, the
steady state liquid return R{‘ can be obtained. As I show in Appendix A.1, the resulting

solution is not tractable in general, but it will generically depend on B, s and A\. However,

I note that since the mutual fund stocks are in positive net supply, having A; > B, does not need to
imply that the S households hold a negative amount of illiquid assets. While the equilibrium might involve

the LAF short-selling stocks, this seems arguably not unrealistic for a financial intermediary.



a convenient expression can be obtained under the instructive special case of log utility
with both w — 0 and 7 — 0, i.e. if the H households have no labor income and can only
consume the liquid wealth they receive from switching S households. In that case, we
obtain the following relation between the steady state liquid return and the debt-to-GDP
ratio B:

1 1-X A1 -G)

B(s=Xe) (s=Me)B

Focussing on the case s > A/, it can easily be shown that, as in richer incomplete markets

R =

models, R4 is increasing and concave in the debt-to-GDP ratio B. Additionally, as I further
show in Appendix A.1, we have % < 0, i.e., the sensitivity of the liquid return to the
debt-to-GDP ratio is decreasing in s. This means that in the baseline model version with
segmented asset markets, if households are less likely to switch to the constrained H state,
the liquid return (and thus the long-run natural rate) reacts less to the Debt-to-GDP ratio.

Under the alternative integrated model, the steady state is determined somewhat dif-
ferently. From the (3) and the no-arbitrage condition between the stocks and government
bonds, it immediately follows that R4 = ¢/, implying that the long-run natural rate is
completely independent of the debt-to-GDP ratio and household heterogeneity. Given R4,
(2) then pins down the steady state ratio and it is not hard to see that if one chooses ¢

such that

_ 1
YT U= +s)

(7)

where n = CH / C¥ is the steady state consumption ratio from the baseline model version
with segmented assets markets, then identical steady state allocations can be obtained un-
der either asset market structure. Hence, the respective micro moments cannot distinguish
between the two asset-market structures. This already illustrates that while the presence
of idiosyncratic risk and household heterogeneity may importantly shape the relationship
between public debt and the natural rate of interest, it does so only conditionally on the
asset market structure. Relating just to respective household moments is not informative
about the latter. However, for given micro moments, the relation between public debt
and interest rates in the long run can potentially be informative about the asset market

structure.

2.6 The asset market and aggregate demand

To explore the implications of the asset market structure for the monetary and fiscal
policy in the dynamic economy, I will linearize the economies’ equilibrium around a non-
stochastic steady state with Bgs = 0, w > 0 and 7 > 0 (with ¢ chosen so that the
allocation is identical irrespective of the asset market). Furthermore, it will be assumed
that the transfer 7 remains fixed outside of the steady state. As I show in Appendix A.2,

the resulting log-linearized IS condition for the baseline model version with segmented



asset markets is given by

r 1

~Efiy1 — —= (i — Eemyyn) +

_ Lo
=9 )

©

3 O, -
bip1 + @bt (8)

if the government sets transfer 7" to 0. It is derived from the log-linearized equation (2),
where ©,0,,I" and I', are composite parameters depending on household heterogeneity. ©
and O, reflect how the output level and liquid savings reflect the distribution of resources
in period ¢, while I' and ', capture how they affect the S households’ expected marginal
utility in ¢ + 1 (and thus an insurance motive). If the government sets b, = 0 V¢, (8)
becomes isomorphic to the THANK IS condition derived by Bilbiie (2025) in which the
forward-looking terms of the standard IS condition are scaled by additional terms. I shall
similarly restrict attention to parameterizations such that © > 0, which implies I' > 0.
Even in that case, it is generally ambiguous whether I'/© is greater or smaller than 1. In
the parlance of Bilbiie (2025), the relative size of these terms determine whether inequality
is pro- or countercyclical and if the share of the time-invariant transfer in the H agents’
income is relatively large, then I'/© < 1 and the Euler equation is discounted. Many recent
analyses of monetary-fiscal interactions use models where a discounted Euler equation is
present, and assuming I'/© < 1 will be helpful for some analytical arguments (but not
strictly necessary for the key insights). Additionally, we notice that the time path of public
debt enters the aggregate demand relation: This is because higher public debt increases
consumption sharing between S and H agents.

Turning to the alternative model version with integrated asset markets, the IS condition
initially appears more involved, since assuming b; = 0 does not imply d; = 0. In general,

it will be of the form

. . - - 1/ .

Oy = OEft11 — OalGry1 — dr) — s ( t— Etﬂ't—i—l) ) 9)
where a; = A;/Yss describes liquid savings which can be shown to evolve according to
at+1 = AEiGrr1. (9) can be derived from the illiquid asset Euler equation (3), while (2)
determines A, a combination of parameters such that A > 0 if I'/© < 1 and vice versa.
In turn, unless shocks hit the economy in period ¢ so that E;_19; # 9, the linearized IS

relation fulfills

1

Ut = E4i1 — —= (A.t - Eﬁtﬂ) ) (10)
o)

where ) := © — ©,A is a positive constant fulfilling @ < © if I'/O© < 1 and vice versa.
Again, for details consult Appendix A.2. Clearly, (10) is isomorphic to the standard IS
condition in a representative agent model, except for the scaling of the interest rate elas-
ticity by an additional term. Such an adjusted interest rate elasticity is a feature that
less sophisticated Two Agent New Keynesian (TANK) models also introduce (compare
Bilbiie, 2008). Hence, the relevance of public debt for aggregate demand and discounting
(or amplification) of the Euler equation are not consequences of household heterogeneity

and idiosyncratic risk per se, but additionally rely on the asset market structure. Here, if



the asset markets are integrated, the Euler equation is not discounted at all, even though
the model features the same degree of household heterogeneity and idiosyncratic risk in
steady state as the baseline model version with segmented asset markets.®

Below, either version of the aggregate demand block will be combined with the standard

Taylor rule = ¢ and New Keynesian Phillips curve my = Ky + SE w41

Calibration of the THANK model To illustrate the further analytical results, I will
use the following calibration: Household preferences are characterized by standard values
o =1.5,68=0.99 and ¢ = 1.0, while ¢ is chosen to normalize Yss = 1. I set s = 0.94
following Bilbiie and set h so that A = 0.15, which generates a quarterly MPC to lump-
sum transfers of around 16% as in the model of Kaplan et al. (2018). As implied by
the linearization around Bgs = 0, B = 0 and regarding government consumption, I use
G = 0.15. Finally, I calibrate w and 7 jointly for the model(s) to be consistent with
a return wedge of ¢ = 0.99 and transfers amounting to 75% of the H agents’ income.’
The latter determines the size of I'/© and the target implements a moderately discounted
Euler equation in the baseline model version with I'/© ~ 0.985. However, the key insights
are robust to calibrating 7 so that I'/© is larger than 1. The steady state tax rate implied

by 7 and G amounts to 7Y = 0.285. Regarding the macro parameters, I consider a central

bank reaction parameter of ¢, = 1.5 and a NKPC slope of k,, = 0.085.

2.6.1 Response to a fiscal shock

Having set up and linearized the model, we can now consider the response of inflation
and output to a simple fiscal shock. I do so assuming a simple scenario for tractability:
In period t = 0, the fiscal authority issues an amount of public debt of by = B1/Yss > 0,
keeps 7; at zero and rebates all resources not needed to cover time-invariant expenses G
and 7. Subsequently, it uses the lump-sum tax 7; to reduce public debt back to its steady
state level according to the exogenous law of motion l;t+1 = pbl;t, a simple and tractable

fiscal consolidation path.We find the following:

8 As becomes clear in Appendix A.2, the absence of Euler discounting/amplification is because in this
THANK model, the integrated asset markets eliminate cyclical variation in consumption inequality (but
not income inequality) inequality. While it is not the focus of this paper, it suggests that model assumptions
on liquid asset supply may also be crucial for analyses on whether household heterogeneity can amplify or

resolve the so-called “forward guidance puzzle” (cf. McKay et al., 2016).
9Given s and ), the equilibrium interest rate and in turn the ¢ fulfilling (7) is determined by consumption

heterogeneity between H and S agents. The chosen value implies a return gap between liquid and illiquid

assets of around 4% annually.
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In the different model versions, output and inflation for periods £ > 1 are given by

g [ ©all = ppx) +po(1 = x)0 + %?i;bpﬁb by = PLY
yt - @_1‘\ + ﬁ¢7r—Pb £ Y t
PoT 5 1—pp8
BL
BL _ (¥ —Ka\s _ pr;
Trt — bt L /llz)’ﬂ' bt
1 — puf
gt =0
oM =

For derivations and definitions of the composite parameters O, x, & and k,, see Appendix
A.3.

With Euler equation discounting I' < ©, the baseline responses wa and wa are gener-
ically positive for any reasonable parameterization, meaning that in the aftermath of the
shock, output and inflation remain elevated as long as public debt remains above its steady
state level bys = 0.0 With segmented asset markets, higher public debt necessarily leads
to more redistribution towards the H agents, boosting aggregate demand and increasing
the neutral rate of interest. In stark contrast, in the model version with integrated as-
set market, inflation and output return to their steady state level immediately after the
shock, since higher public debt does no longer imply better consumption insurance for
the H agents and thus does not affect aggregate demand. Since households and firms are
forward-looking, the public debt-driven demand expansion can further amplify the impact
of the shock in the setup with segmented markets, an effect that is absent with integrated
asset markets.

What about the effect of the fiscal shock in period ¢t = 07 One can show that, as explained
in Appendix A.3, we have ﬂ(?L > ﬂ'(I)N T for any reasonable calibration, i.e., the inflation
response in the segmented baseline model will exceed the one in the integrated alternative.
The relative sizes of the initial output effect, is, however, ambiguous and depends on the
monetary reaction ¢,: Intuitively, initial inflation in the baseline model is higher since
price pressures are expected to remain elevated going forward. However, the higher initial
inflation also implies a stronger monetary policy response, which can dampen the initial

output effect under a hawkish central bank reaction.

Quantitative illustration To illustrate the above results, Figure 1a and 1b show the
response of output and inflation to the fiscal shock with b; = 0.04 and pp = 0.9, i.e., the
government issues an amount of public debt equal to 1% of annual GDP in period ¢t = 0
and reduces the excess debt by 10% every quarter from period 1 forward. We see that the
initial real output response is relatively similar in either model version, but only remains

elevated in the model with segmented asset markets. In addition, we notice that the initial

107 jmplicitly assume that parameters are such that the system is determinate, conditions for which will

be explored below. In many calibrations with I' > O, wf L and thus 27 are typically positive as well,

bx

since the term =<

;I"g keeps the denominator to be > 0 as long as ¢ > 1.
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Figure 1: Model responses to fiscal stimulus

(a) Output response (b) Inflation response
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Note: The figures display the output and inflation responses to the fiscal shock with b1 = 0.04 and pp = 0.9.
The solid lines display the response of the baseline model and the dash-dotted line the response of the

alternative model version with integrated asset markets.

inflation impact is much stronger in the baseline model and remains elevated as long as

public debt is.

2.6.2 Revenue effects of the fiscal shock

We can also briefly ask to what extent the fiscal shock may be self-financing, an issue
made salient by Angeletos et al. (2024a). While I considered an exogenous law of motion
for public debt to keep the analysis above tractable, we can easily compute what amount
of lump sum taxes 7y needs to raise in t > 1 to implement the intended path. To do so,

consider the government budget constraint linearized around the steady state with Bss = 0

- 1- - op
bt = by + 1 — (1= N7 — by [(®+ 1) — —F G|,
1 = Ght b ( )Tt — o7 |( ) Yt i-0)™
=W+t
where #; := T}/Yys and 7 := 7;/Yss. This expression already incorporates that income

taxes and government consumption are kept constant over time. Again, see Appendix A.2
for details. To implement the fiscal consolidation plan 5t+1 = pbl;t in t > 1 after the fiscal

shock, the government will need to set the tax to

n= i |(5 )b o (e ni- 57 ) e

Considering the dynamics and of output and (liquid assets) characterized above, we get

for the two model versions that
1 1

3 1 1 o\ - b
TtBLzl_A(ﬁ—Pb—@r((I)-f—l) fL+(1_g))bt and TtINT:H(ﬁ_pb)bt‘
(11)

Since the persistently elevated output levels after the shock will raise revenues through

the income tax without any endogenous adjustments, the government will need to levy
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Figure 2: Self-financing after the fiscal shock

(a) Baseline policy (b) Alternative policy
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Note: The figures display the time path of lump-sum taxes 7 after the the fiscal shock with by = 0.04.
The solid lines display the response of the baseline model and the dash-dotted line the response of the
alternative model version with integrated asset markets. Subfigure 2a displays the responses under the
baseline policy ¢ = 1.5 and p, = 0.9, while Subfigure 2b displays the responses under the alternative
policy ¢~ = 1.1 and pp, = 0.95.

lower taxes 7 on the S households in the baseline model version with segmented asset
markets. This effect is absent in the model version with integrated asset markets and the
difference can be substantial if ¢/, is large, which is the case if fiscal consolidation is slow

or monetary policy not very hawkish.

Quantitative illustration Figure 2a displays the time path of lump-sum taxes (11)
under the baseline policy with ¢, = 1.5 and p, = 0.9 and we see that the levels neces-
sary to induce the specified time path for fiscal consolidation are noticeably lower in the
baseline model. As explained, this is since the debt-induced demand expansion generates
higher labor income tax rates in the baseline model, even though the income tax itself
is kept constant. With integrated asset markets, this effect is absent. The difference is
even more pronounced if we consider a scenario with less hawkish monetary policy and
slower fiscal consolidation, as shown in Figure 2b for the case ¢, = 1.1 and p, = 0.95.
Here, the persistently elevated output levels in the baseline model version imply that the
government can even reduce 7 below zero while implementing the consolidation path, i.e.
the fiscal expansion is fully self-financing in the sense of Angeletos et al. (2024a), while

noticeable increases are necessary in the alternative model variant.

2.7 Determinacy properties

As mentioned, another way in which HANK models were found to distinguish themselves
from standard representative agent New Keynesian models is that the policy mix yielding
a unique equilibrium is less clear-cut. To illustrate this in the case of the THANK model, I

deviate from the exogenous law of motion for public debt and instead introduce a feedback
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policy rule (1 — A\)f = ¢;. This makes the amount of public debt endogenous and turns
the economy into a 3-dimensional equilibrium system with one state- and two control
variables.

The determinacy properties of this economy are studied in detail in Appendix A.4, which
yields the following conclusions: In the model version with integrated asset markets, a

unique determinate equilibrium can exist only if

1—(2—@,) (6r—1) > 0.

=0y

This is an equivalent of the classic Leeper (1991) condition stating that determinacy is
possible in two distinct parameter regions: a) An “active monetary” region in which the
the monetary authority reacts more than one-to-one to inflation while the fiscal authority
stabilises public debt (implied by ¢, < 1) and b) an “active fiscal” with ¢, < 1 and ¢, > 1.
In contrast, the corresponding condition for the baseline THANK model with segmented

markets is

o(1-5)

(1=0p)(¢r — 1) > (0 +Ta)or(1+ @) = (0 -T)(1—-0))

which provides a much less clear separation also depending on the income taxes ¢, and var-
ious heterogeneity-dependent composite parameters from IS relation (8). We further note
that if © — I' is large enough, i.e., there is substantial discounting of the Euler equation,
the right-hand side can be negative and determinacy could arise even if neither monetary
nor fiscal policy are “active” in the sense of Leeper (1991). Economically, the difference

is due to public debt affecting aggregate demand (the IS curve) in this case.

Quantitative illustration Under the calibration specified above, Figure 3 indicates
which combinations of 6, and ¢, yield a unique stationary equilibrium in either model
version.'! The analysis confirms the analytical results above: With segmented asset mar-
kets, there is no longer a clear separation between “active monetary” and “active fiscal”

regions. With integrated markets, we obtain the well-known Leeper (1991) case.

2.8 Taking stock

This section studied monetary-fiscal interactions in a tractable HANK model that has
been argued to capture the key features of richer HANK models well. As such, its baseline
version was able to replicate key results from the recent literature on monetary-fiscal
interactions in HANK models. Yet, contrasting it with the alternative model version with

integrated asset markets, it becomes clear these results are not a consequence of allowing

n contrast, for the analytical expression, which strictly provide only necessary conditions for deter-
minacy, the results in Figure 3 are obtained by numerically checking the eigenvalues for the respective

parameter combinations are thus based on sufficient conditions.
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Figure 3: Determinacy properties
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Note: The plot indicates whether the model provides for a unique stationary equilibrium for the different
combinations of monetary and fiscal policy parameters ¢, and d,. The dots indicate the evaluated param-

eter combinations.

for certain patterns of household heterogeneity and idiosyncratic risk per se, but rather
doing so in combination with specific assumptions on liquid asset supply. At this point,
a natural concern is whether this is due to some features of the THANK model, such as
the illiquid asset returns being completely independent of idiosyncratic risk or the various
assumptions needed to obtain tractability. However, as will become clear, one can obtain

similar results in state-of-the-art 2-asset HANK models.

3 The 2-asset HANK model

For a more quantitatively oriented analysis, I employ a 2-asset HANK model. Importantly,
such models can provide for somewhat realistic level and distribution of aggregate wealth
and be consistent with consumption behavior that was found important for studying fiscal
policy in previous work. While most features of my set-up are deliberately similar to
frameworks in the previous literature, e.g., Bayer et al. (2024) and Auclert et al. (2024),
it again features a financial intermediary referred to as the liquid asset fund, which is
now set up so that one can flexibly change the potential supply of liquid assets available
to households without affecting its initial steady state in any way. In the main text, I
will focus on the household side, policy and this non-standard feature of the model, while
the details on its standard parts are relegated to Appendix B. Notice that some notation
differs between the 2-asset and THANK setups.
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3.1 Households

There is a unit mass of households, which I again also refer to as “agents” interchangeably.
These differ ex-post by several idiosyncratic states:

Firstly, households vary in terms of their holdings of liquid and illiquid assets a; and
kit. k; represents holdings of capital and I require that k;; > 0 as well as a; > a, with
a representing an exogenous borrowing/short-selling limit. Capital is illiquid in that a
household can change her stock k;; only infrequently: In particular, following Bayer et al.
(2024) and Auclert et al. (2024), T 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 A € (0,1) every period.

Secondly, as in Bayer et al. (2024), the agents can be workers (Z;; = 0) or “entrepreneurs”
(2 = 1). The former participate in the regular 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 Z;; = 1.
Transitions to and out of the “entrepreneur” status are exogenous with probabilities ¢ and
L, implying a time-invariant mass of m= = i agents in that state.

Worker households (2 = 0) additionally differ by their idiosyncratic labor productivity
or “skill” s;; € S = {s1, s2, ..., Sns}, which evolves stochastically according to a discrete
Markov chain with transition probabilities 7%(s;i11]siz). Workers who are selected to
become entrepreneurs lose their idiosyncratic s;;, while exiting entrepreneurs draw a new

s;¢ from the ergodic distribution of the Markov Chain.

3.1.1 The Household problem

Households gain utility from consumption ¢ and disutility from their amount of hours

worked according to the preference structure

1-£ 1 N1+7
. (12)

o] t
E t A, Cit A
0;51_10( )(1_£ §1+7

=
The above formulation allows for a time-varying demand shock A; shifting all households’
discount factor 3, which are a vehicle to induce consumption restraints in Section 6.'%> As,
e.g., in Auclert et al. (2024), households are not free to choose their own labor supply.
Instead, they are required to work the number of hours demanded by their employers at
the wage determined by a set of labor unions as detailed below. These will be equal in
equilibrium, i.e., Ny = Ny Vi € [0, 1].

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

Cit + qekier1 + irer = Yie(sit, Zae) + (14 7§ (air))aze + (¢ + r§ ki + Tt (13)
while for non-adjusters, the constraint will be of the form

it + i1 = Yir(sit, Zir) + (1 4+ 7 (air))aie + Tfkit + T (14)

12This is in line with Barddczy et al. (2024), who also use discount factor shocks in a HANK study

relating to the US post-2020 period.
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Both budget constraint are already written in real terms. ¢ denotes the time ¢ price of
capital goods, Tj; a transfer from the government, Tf the real net return of capital goods
and 7{(a;) the real return on bonds a;. The latter depends on a;; due to the presence of
a borrowing penalty. In particular, we have

rtif ay > 0;

ri(ait) = (15)

ng—i—R if ay <0,

where 7! is the real return on liquid savings, which will depend on the nominal central

bank rate rf* and inflation m; = Pfj - as specified below. R is a real borrowing penalty.'?

Finally, y;; represents a household’s post-tax labor- or profit income which is given by

_ (1 — Ttw) (wtsitNt)l_Tp if E,;t = 0;
yit(€it, Sit, Zit) = (16)
O—ﬁaﬂt if = =1.

a

Labor income is subject to an affine tax schedule in the veins of Benabou (2002) for which
the parameters 7% and 7P determine the level and degree of progressivity, respectively.
Similarly, 7= is the tax rate on entrepreneurs’ profit income. Both level parameters may
be adjusted by the government over time and thus have a time subscript.

In Appendix B.1, I state the full recursive utility maximization problem of the households.

3.2 Production

The model’s supply side is similar to standard “medium scale” DSGE models: Production
is vertically integrated. There is a 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 representative final goods producer, that in turn requires
differentiated inputs provided by a continuum of retailers. The retailers 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. The latter are an
aggregate of different labor varieties, the wage for is decided by monopolistic competitive
unions that are also subject to nominal rigidities. This adds nominal wage rigidity to the
model. Given that these ingredients are well-known, I refer to Appendix B for the details

on the production side of the model.

3.3 Government

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

ity.

13My specification for the borrowing wedge implies that every unit of debt held by a household incurs a

real resource cost of R, e.g. due to costly monitoring.
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3.3.1 Monetary Authority

The monetary authority sets the nominal return 1 4 7 on a reserve asset that is in zero

net supply. Specifically, it is assumed to follow a Taylor rule of the form
R
1+rEN\” m \'" /Y, \%
1+7E =max{ (148 <t> < —

which features an Effective Lower Bound (ELB) denoted as r“®. The parameter pf

lpr
exp (ef) , 1+ rlB

(17)

introduces rate smoothing and if 6, # 0, the rule reacts to output growth in addition to
inflation. ef represents an exogenous disturbance to the rule (“monetary policy shock”).
Since the calibrations will provide for a stable steady state, 1+ r?s always constitutes the

true long-run natural rate of interest.

3.3.2 Fiscal Authority

The fiscal authority collects taxes, pays out transfers Tj; and engages in government con-
sumption G;. It also issues nominal long-term government bonds which I introduce using
a simple geometric maturity structure as in Bayer et al. (2023a). Bonds are long-lived.
Every period, they pay one nominal unit of return and a random fraction 6% of them retire
without repaying the principal.'* Denoting the nominal period t price of a bond as QPF,
its expected nominal return is given by E.(QP (1 — %) +1).

To state the government’s budget constraint in a convenient form, let us define BY to
denote the value of public debt outstanding at the beginning of period ¢ in terms of its
period t — 1 real market value Q¢—1/P;—;. The dynamics of public debt must then be

consistent with

QBBg 1 ‘ RBY
Bl =(1-0") 2L + G+ | Tudi+—5— -, (18)
i Qﬁlﬂt 0 ’ QgﬂTt

i.e., the real period ¢t market value of public debt outstanding at the end of period ¢ equals
the re-valued stock of public debt that did not retire plus the government’s real spending

obligations minus real tax revenues Y;. The latter equal
1

Tt:TtEHt—i-/H

mE

(wts,-tNt —(1-=17) (wtsitNt)l_Tp) di.

As baseline, I again assume both government spending items G; and Tj to be solely
determined by exogenous shocks. Without any occurring, they remain fixed at Gy = Ggg
and T = 0.

To ensure public debt stability in the face of various business cycle shocks, the fiscal
authority is furthermore assumed to adjust taxes as 77V = 7,7% and 77 = 7;7=. The tax

level 7, evolves according to

7w\ (T o BY (1-pr)¥B (19)
Tss B Tss lggs ’

1 Equivalently, such a setting can be interpreted as featuring infinitely-lived bonds with geometrically

declining coupon payments. See Woodford (2001).
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a functional form also used in Bianchi et al. (2023). Adjusting all tax levels proportionally
by the same factor aims to reduce the distributional impact of fiscal consolidation in order
to better isolate the role of the public debt level. Otherwise, the fiscal authority issues any
amount of bonds BY '\, necessary to fulfill its budget constraint (18). Intuitively, policy
rule (19) 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.

3.4 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). While such entities were
already present in THANK, I now use them as a vehicle to introduce my a simple model
extension. Here, in contrast to households, these funds are able to trade claims to capital
every period and also have access to a technology to short-sell any asset. Their objective
is to maximize expected real returns by investing the liquid savings Ai 11 they receive from

the households in capital, government bonds and reserves. In particular, the LAF's solve

! ! ! B B ! R
max B, A — B — Ry n Qi1 (1—-07)+1B;, n L+r Rl
B1l5+1vR7l5+1

(Tfﬂ + Gi+1)

qt Tt41 QP T
! v Bl + Rl ’
(e 2 (o B ) ) (20
t+1

where Al ; denotes the total amount of assets intermediated by the LAF and B! ; and
Ri 41 the amount of government debt and reserves it chooses to acquire. A fund faces costs

for each unit of liquid asset it invests on behalf of the households. This involves a linear

Bé+1+Ri+1
At
fund’s asset positions that are not in liquid government assets. This structure implies that

2
component ¢ and a part % <1 — ) that increases in the relative amount of the

the equilibrium government bond prices Q¥ must fulfill the no-arbitrage condition

1+rf, QF(1-65)+1
ti—Et .

E B
41 10

Furthermore, the LAFS’ aggregate portfolio choice can be determined from the correspond-

ing F.O.C.
k l R
E; (Tt“ i qt“) — v (1 - iﬁl) —E (1 s Tt“) (21)
qt i1 Tt+1

and the ex-post real return to household’s liquid savings will be given by

2
L Al Y TR Al
qt—1 t mQi t t

(anticipating that in equilibrium R} = 0 as reserves are in 0 net supply).
A few words on the above assumptions are in order: Although the quadratic portfolio

cost in (20) is reminiscent of some DSGE models featuring a financial sector (for example
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Gerali et al., 2010), its aim is not to provide a particularly realistic model of financial
intermediation. Rather, it introduces a parsimonious way to flexibly move between various
assumptions on liquid asset supply in the literature. For this purpose, the parameter ¥ has
a simple interpretation as determining how easily capital assets can be used for liquidity
provision. In case ¥ — oo, the model nests a segmented markets for liquid and illiquid
assets, meaning that capital is practically useless for the provision of liquid assets. In
contrast, for ¥ — 0 it nests an integrated market in which capital is a perfect substitute
for government bonds for the purpose of liquidity provision and (21) collapses to a standard
no-arbitrage condition.!”

While a micro-founded models of financial intermediation, building e.g. on Gertler and
Karadi (2011), could also provide for imperfect usefulness of capital for liquidity provision,
the above formulation has several benefits: Importantly, if the model’s steady state (SS)
is again calibrated so that the household sector’s net liquid asset holdings equal the net
supply of government bonds, one can move “in between” the above-mentioned assumptions
on asset market structure without changing its SS. Besides, my simple structure makes
it particularly transparent how varying the usefulness of capital for liquidity provision is

achieved and requires just one additional parameter ¥ to be calibrated.

3.5 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 the aggregate

distribution. In turn, I relegate these details to Appendix B.5.

3.6 Numerical Approach

To approximate the dynamic equilibrium of the model, I use established techniques that
conduct first-order perturbation around the economy’s non-stochastic steady state, specifi-
cally the Sequence Space Jacobian (SSJ)-method proposed by Auclert et al. (2021) and the
State Space method employed by Bayer et al. (2024). Both have comparative advantages
for different purposes: For example, the Sequence Space method can more conveniently
handle a binding ELB relevant for the analysis described in Section 6.2, as one can impose

the lower bound on nominal rates via monetary news shocks as in McKay and Wieland

15Tn the context of two-asset HANK models, segmented asset markets are for example used in Kaplan
et al. (2018) or Bayer et al. (2024), who assume that government bonds can only be held as a liquid asset
and capital only as an illiquid asset. In contrast, Auclert et al. (2024) assume that government bonds and
“shares” (claims on capital returns and monopoly rents) are perfect substitutes for liquidity provision, i.e.,
they assume an integrated asset market.
My LAF set-up results in equal returns on public debt and capital in steady state, as in in Auclert et al.
(2024). In settings with ¥ > 0, the return on government bonds B; might in principle exceed the one on
capital. This is, however, a mechanical consequence of how the liquidity cost is set up and does not preclude
liquidity from being scarce if ¥ is large. Making the linear liquidity cost ¢ specific to the LAF’s capital
holdings instead would result in a direct liquidity premium on public debt without noticeably affecting

model dynamics.

20



(2021). In contrast, the State Space method allows to easily check whether the model
admits a unique and stable solution for a given parameterization via the Blanchard-Kahn-
conditions and proved conveniently fast for exercises requiring the model to be solved
many times. Further details on the numerical implementation are provided in Appendix
B.6.

3.7 Calibration

A 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 the key empirical moments emphasized by
the HANK literature, such as a plausible income- and wealth distribution, the presence of
poor and wealthy “Hand-to-Mouth” (HtM) households and in turn a fairly high aggregate
MPC. To do so, I 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 HANK models. While this part is relegated
to Appendix B.3, it is important to note that I parameterize the models’ monetary policy
rule with inflation coefficient of 6, = 1.5, placing me firmly inside the parameter range
associated with active monetary policy. Furthermore, the robustness of the main results
with regard to the various external calibration choices is analyzed in Appendix C.

The remaining parameters are chosen so that the model matches various targets 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 in principle any parameter will somewhat affect any
of the stationary equilibrium’s target moments, 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 8 to match a ratio of average steady state
capital holdings to output of 11.22 as in Bayer et al. (2024), resulting in 8 = 0.9838. The
probability ¢ 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. 0.0005.

A determines the (il-)liquidity of capital and thus how many liquid assets agents wish to
additionally hold for self-insurance purposes: I use it to target net liquid asset holdings
by households to equal 1.8 times quarterly GDP. Firstly, it is in line with the amount of
domestically held public debt in the US before the start of the 2020 Covid pandemic, the
arguably relevant measure in my closed-economy model. However, the target is also close
the average overall debt-to-GDP ratio for the US over the period 1970-2019 and can thus

also be interpreted in this way.'® Additionally, it is of a roughly similar magnitude as

18The statement regarding domestically-held debt is based on subtracting FRED series FDHBFIN (Fed-
eral Debt held by foreign and international investors) from FYGFDPUN (Federal Debt Held by the Public),
while the overall debt-to-GDP ratio is taken from FYGFGDQ188S.
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Parameter Description Value Target
B Time discounting 0.9838 K/Y =11.22
¢ prob. entrepreneur state 0.0005 Wealth share top 10
A prob. illiquid asset adjustment  0.0363 B/Y =18
R Borrowing penalty 0.0355 16% borrower share
a Borrowing limit -1.4491 100 % avg. quart. income
Gss Government consumption 0.5649 Budget clearing (18)
© Liquidity Fixed Cost 0.0092 rl, =0.0
g Liquidity Supply See Section 5.4

Table 1: Internally calibrated parameters

the average net amount of liquid assets held by US households (HHs) over the 2014-2019
period.'”

Regarding household borrowing, I follow Kaplan et al. (2018) by assuming the borrow-
ing limit to equal the average quarterly (post-tax) labor income and set the borrowing
penalty R so as end up with 16% of households having a < 0 in SS. The return wedge ¢ is
chosen so that the real return to liquid savings is 0 in SS as in Bayer et al. (2023b), which
requires setting ¢ equal to the steady state return on capital, equal to 0.0092 in the Base-
line model (a return of 3.7% in annual terms). Initially, I entertain the assumptions on
asset market segmentation from the previous literature, i.e. ¥ =0 and ¥ — oco. Section
5.4 below will eventually propose an explicit calibration strategy.

As I show in the additional Appendix B.4, the model generates household micro mo-
ments in line with the evidence typically emphasized in the HANK literature. In particular,
it achieves a fairly good fit for the distribution of income and wealth, and plausible shares
of “poor” and “wealthy” Hand-to-Mouth households (in the sense of Kaplan et al. (2014)).

In turn, it also generates an average quarterly MPC of around 15.8%.

4 The asset market and fiscal policy in the 2-asset HANK

Armed with the suitably calibrated 2-asset HANK model, we are now ready to explore
how the asset market shapes monetary-fiscal interactions in this model. For this purpose,
I first study the aggregate response to expansionary fiscal policy shock before turning to
the self-financing result and model determinacy properties. Additional robustness checks

on the main insights in this section are provided in Appendix C.

7For the purpose of this calculation, I take net liquid asset holdings to be the sum of cash and checkable
deposits, money market funds and direct treasury security holdings minus revolving consumer credit and
credit card debt. According to the Federal Reserve’s Financial Accounts of the United States, on average
the holdings of HHs and Non-Profit Organizations (NPOs) equalled 54% of quarterly GDP over that
period. Since NPO assets are not necessarily liquid from the point of view of HHs, holdings of the latter

should be somewhat lower.
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Figure 4: Model IRFs to transfer shock
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IRFs is provided as Figure G.3 in Appendix G.

4.1 Aggregate effects of fiscal stimulus

To keep the analysis in this subsection transparent, I again consider a simple fiscal policy
shock: The only exogenous disturbance will be a one time-shock to government transfers 7;
without any persistence, which may be viewed as the government sending out “stimulus
checks”. To aid this interpretation, I choose the size of the shock to amount to 2% of
Steady State GDP. In terms of the USA’s 2019 GDP, this would amount to circa USD
1,300 per capita, roughly the size of the one-time payments distributed under the CARES
act in 2020.

The response of key aggregate variables to the fiscal stimulus is depicted in Figure 4, both
for the cases with integrated and segmented asset markets. Qualitatively, the responses
under either model version align: The response of consumption looks as we would expect
in a model featuring a high of amount of HtM-households with high MPCs, increasing
substantially at impact and fading out after a few quarters. Output and inflation similarly
increase at impact, causing the central bank to raise its nominal rate. At the same time,
investment decreases, which reflects crowd-out amid higher real interest rates after the
shock. This, in combination with slowly increasing taxes to combat the now-higher public
debt, causes the output- and consumption-responses to turn negative after a few quarters.
Quantitatively, however, we see stark differences: As in the THANK model, inflation
and the policy rate rise much more in the segmented ¥ — oo scenario, which causes the

market value of public debt to increase less due to the devaluation of the nominal long-term
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Figure 5: Model IRFs: Self-financing
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debt. Additionally, investment declines much less, which, together with public debt-driven
increase in aggregate demand, stabilizes the output responses after a few quarters. This
contrasts with the consumption response, which looks very similar in either case. This
is again reminiscent of the THANK findings, where the consumption response to the
stimulus was rather similar despite very different inflation dynamics. Thus, in my overall
conventional 2-asset HANK model, the asset market structure remains a key driver of
fiscal policy’s impact on inflation and equilibrium interest rates. It does not seem work
through the consumption behavior usually emphasized by the HANK literature, but now
also through the extent to which investment is crowded out by higher public debt. This
feature was absent in the THANK analysis.

4.2 Self-financing

In the previous section, we saw that the HANK model’s asset market structure again
matters significantly for the real fiscal costs of the policy: unlike in the THANK model
without steady state government debt, inflation-driven debt devaluations now play an
important role. To make this more obvious, Figure 5 again follows Angeletos et al. (2024a)
by considering a scenario with a smaller but still “active” monetary response to inflation,
0. = 1.05. To ease comparability with other work, I shut down the output response as
well, so 6, = 0.

Under segmented markets, the response of output is noticeably stronger compared to the
baseline, and we notice self-financing features: The real value of public debt even declines
at impact, which the fiscal authority’s instrument rule translates into even lower net tax
rates. This is, however, accompanied by high and persistent inflation. It also contrasts
clearly with the response under integrated asset markets: Output eventually declines below
its original level due to the capital crowd-out, and we still need noticeable tax increases
to stabilize public debt. Clearly, the remarkable possibility of self-financing fiscal stimulus

seems to again depend on macro-level assumptions on liquid asset supply and not just the
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(again identical) micro-level patterns of consumer behavior.

4.3 Policy rules and determinacy

We can also do an equivalent to the THANK determinacy analysis in 2.7. The results of
that exercise are displayed in Figure 6, where the outcomes for the alternative scenarios
are contrasted with the ones of a RA version of the model.'® The RA model naturally
provides for the classical Leeper (1991)-dichotomy discussed above. In contrast to the
THANK model, however, the assumption of integrated asset markets doesn’t result in
full equivalence with the RA case. In the 1,-range consistent with active fiscal policy in
RANK, macroeconomic stability can be achieved with an inflation reaction slightly above
one. Moreover, some values in the RANK’s “passive fiscal” region work with a 6p slightly
below one. Overall, though, the model’s determinacy patterns are very close to a standard
RANK economy when contrasted with the segmented ¥ — oo case in Figure 6b.

In the latter, we don’t only see a much wider “bridge” between the “active fiscal” and
“active monetary” regions, but also see that active monetary policy now requires a signif-
icant higher ¢p: Since there is a positive steady state stock of public debt in the 2-asset
HANK, the stronger effects on fiscal expansions on interest rates under segmented asset
markets raises the governments refinancing costs and thus require stronger adjustment

under active fiscal policy.

5 Liquidity Supply and Fiscal Inflation in HANK

In the previous sections, we found that the HANK model’s asset market structure crucially
shaped its aggregate response to fiscal shocks as well as its determinacy properties. Why
is that? As I will elaborate in this section, the key is that the differing scope for public
debt to crowd-out other assets strongly affects the impact of public debt on the “natural”

or “neutral” rate of interest.

5.1 Public debt and the natural rate

To illustrate the effect of public debt supply on the natural rate in a way abstracting from
the model’s real and nominal adjustment frictions, I analyze how the return to government
bonds changes with public debt in the long run. In either model version, this is equivalent
to the change in the long-run natural rate of interest. The exercise involves computing
new steady states for higher and lower Debt-to-GDP ratios under the parameterization

specified in Section 3.7 and yields Figure 7.

13Tn the RA version, all parameters are unchanged, while the household block is replaced with a repre-
sentative agent with discount factor 1/(1+ rfs), Since a no-arbitrage condition between capital and public

debt has to hold in an RA framework, it furthermore assumes integrated asset markets with ¢ = 0.
YFor the exercise, the following assumptions on government policy are made: The central bank adjusts

its nominal rate target so that mss = 1 is also achieved in the new steady state. At the same time, the

fiscal authority keeps Gss at the same value as in the Baseline SS and adapts the tax level 7 to clear its
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Figure 6: Determinacy analyses
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We clearly see very different impacts of government’s debt to supply on the return to
its bonds. Under segmented asset markets, a 1 p.p. higher annual Debt-to-GDP ratio
causes the annual steady state real treasury return 1/QP + (1 — %) to increase strongly
by approx. 15 bp. In case of the integrated asset market (¥ — 0), we have the opposite:
The response of the real liquid rate is hardly noticeable.

Considering empirical attempts to estimate the effects of public debt supply, does either
of these effects plausible? According to a summary in Rachel and Summers (2019), such
estimates indicate medium- to long-term effects of 3 and 6 basis points (bp) per percentage
point increase in the Debt-to-GDP ratio. For the purpose of this paper, I take this to be
indicative about reasonable steady state effects. Under the segmented market assumption
(I — o0) the effect is much stronger, almost 3 times more than the upper end of the
empirical estimates. In the integrated asset market part, it is much smaller, amounting
to not even a third of the empirical estimates’ lower range (dashed line).’

These results encapsulate insights that should be of interest beyond the immediate focus
of this paper on monetary-fiscal interactions: Firstly, it also indicates that assumptions
on asset markets are of first-order importance for model-based analyses of secular interest
rate changes (such as Platzer and Peruffo, 2022). Secondly, a stronger response of interest
rates to public debt supply is often taken to imply a stronger crowd-out of capital (see,
e.g., the discussion in Laubach, 2009). The comparison above shows that this does not
need to be the case in 2-asset models, as the segmented asset market version provides for

less crowd-out than the integrated one.

5.2 The mechanism

Having established that the asset market structure is key for public debt’s effect on the
long-run natural rate, why should that matter for the differences in aggregate responses
and determinacy? The different investment responses in the 2-asset HANK are easy to
rationalize, as public debt can freely crowd out capital under integrated but not under
segmented markets. But why the differences in inflation? While the previous sections
already provided related insights, the analysis below aims to improve understanding with
the help of a simple analytical exercise.

In that regard, it is useful to consider a simplified version of the model’s central bank

reaction function, a textbook Taylor rule of the form
l+i=7"R"+ O0p(my — 77), (23)

allowing for a positive net inflation target 7*. R* denotes the natural (gross) rate consistent
with the steady state level of government debt BY;. Now, the amount of government debt

in circulation rises temporarily to Bf > BY,. Notice that we can add and substract a term

budget. For the pure long-run effects, it seems to make little difference whether taxes or Gss are adjusted.
20Tn the THANK model, this is even more extreme: The steady state effects of public debt supply on

the steady state interest rates on public debt is even larger under segmented asset markets and exactly 0

in the integrated case.
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Figure 8: Debt and Inflation under alternative fiscal policy
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period.

R(BY) to (23) and re-write it as

Or — R*

1+ = 7 R(BY + 6, — T ith 7y i=n"——————.
+ = mR(BY) (my — 1) W T =T 6. — BB

(24)
If R(BY) > R*, then #1; > 7* as long as 6, > R(BY). So, if public debt rises and the
central bank sticks to rule (23) while the current debt-dependent neutral rate R is de facto
higher than R*, the central bank would seem to operate as if having a higher “implicit”
inflation target. This effect is the stronger the more equilibrium interest rates depend on
public debt supply and active even if the public debt level eventually returns to its original
value (and the long-run natural rate doesn’t actually change).

To back up that argument, I re-solve the model under various combinations of the param-
eters pr and ¥p that determine the persistence of the tax level and its responsiveness to
the value of public debt, respectively.?! For the same transfer shock as in the previous
Section 4, Figure 8 indicates for each of these combinations the induced average deviation
of public debt during the first 40 quarters (10 years) as well as cumulative inflation under
the that period: The results for the segmented HANK model are displayed in the upper
panels and the ones for the integrated ¥ = 0 version in the lower ones.

Unsurprisingly, combinations of high p, and low responsiveness 1 result in higher public

21 All considered combination result in stable and determinate equilibria.
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debt. In the segmented asset market HANK, this is systematically associated with signif-
icantly stronger increases in the price level. In comparison, in the ¥ = 0 case with very
small effects of public debt supply on liquid interest rates, we always see lower inflation
and a much less pronounced association with public debt, mirroring the THANK case
where there was no effect at all. This affirms that the combination of a higher value of
public debt and a high responsiveness of the neutral rate to its supply is crucial for the
model’s inflation response.

Equation (24) is also useful to understand the differences in model determinacy properties.

We have -
dmy 0. — R* dR(Bf) dBf

dry (6, — R(B{))> dB{ dm

(25)

so if the neutral rate increases in public debt, inflation-induced debt devaluations %
increase (decrease) the “implicit” monetary policy stance 7 if 0, > R* (0, < R*). This
counteracts the extent to which the central bank induces higher (lower) real interest rates in
response to inflation and thus results in a fuzzy separation between “active” and “passive”

monetary policy. (25) furthermore suggests this to become more pronounced the stronger
dR(BY)
dBY
the stronger deviation from RANK under segmented markets. Additionally, consider that
o dR(BY)
" By
costs more strongly and a higher ¥p is necessary to stabilize debt in the absence of a

the effect of public debt on the neutral rate, i.e. the higher

is, which rationalizes

is high, positive deviatons of public debt raise fiscal authority’s real refinancing

favorable monetary policy stance.

5.3 The role of household heterogeneity

Above, we saw that different asset market structures in HANK models importantly shape
their implications for monetary and fiscal interactions. Yet, it is unrelated to household
heterogeneity in that various assumptions are consistent with the same steady state micro
moments. How do these effects not present in typical RA models come about then?

We already saw in Section 2.5 that in the THANK model, a higher probability of becoming
constrained increases the sensitivity of the natural rate of interest with respect to public
debt, conditional on asset markets being segmented. Indeed, there is a similar link with
distributional moments in the two-asset model: As is well known, such frameworks need
to feature a sufficiently high gap between the return on liquid and illiquid assets to give
rise to relatively high MPCs (c.f. Kaplan and Violante, 2022). With that, the model
can generate a substantial number of Wealthy HtM agents as households are incentivized
to forego holding large amounts of liquidity in order to reap the illiquid assets’ higher
returns. In that case, however, it also seems intuitive that if agents are to hold more
liquid government bonds, they will have to be compensated with substantially higher
returns. This argument, in turn, predicts the interest rate effects of public debt in 2-asset
HANK models with segmented asset markets to be closely linked to their initial return
gap and MPCs.
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To analyze the link between the initial return gap and interest rate effects of public
debt supply in the segmented ¥ = oo case more formally, I re-calibrate my baseline
framework to provide for lower steady state return gaps. In particular, I aim for the new
parameterization to remain consistent with the aggregate moments targeted in 3.7 and
just increase the long-run rate of capital depreciation dp: Keeping all other externally-set
parameters the same and matching the same targets, increasing dg in several steps from
0.0175 to 0.025 (still a common calibration choice) will yield substantially lower capital
returns and thus rate gaps in the resulting stationary equilibria.?? A summary of the
respective parameter results is provided in Appendix Table F.5: Overall, if the model is to
remain compatible with the same moments under a lower returns gap, it requires a higher
A (i.e., capital to be less illiquid) and households to be more patient (higher ). The
former is because the lower rate gap makes capital relatively less attractive, so it needs
to be less illiquid for the aggregate household portfolio to remain the same. In turn, the
latter is necessary as a higher §g decreases the returns of capital. This obliges households
to be more patient if they are to still hold the same amount.

Figure 9 then visualizes the implications of different initial return gaps: In Panel 9a,
we see that calibrating the model to be consistent with a lower initial return gap indeed
decreases the long-run elasticity of government bond returns with respect to bond supply
in the case of segmented asset market (solid line). In fact, it can even generate a response
within the 3-6 b.p. range if the return gap is low enough. But as Panel 9b illustrates, this
comes at the cost of having substantially lower average MPCs and few HtM households.
In line with the THANK model, under integrated asset markets, the response of interest
rates to public debt supply doesn’t change much with the calibration and is always low
(dashed line in Panel 9a).

5.4 Disciplining the asset market

Overall, the above results for the off-the-shelf assumptions on asset market structure are
somewhat unsatisfying. This is not only because they fail to generate certain results,
but also indicate a drawback of heterogeneous agent business cycle theory: While re-
lated frameworks can relate to rich cross-sectional evidence, they may also require subtle
modelling choices that matter for aggregate outcomes but cannot be disciplined by micro
evidence alone. Instead, further macro-discipline is required as well.

Of course, my set-up casting the model’s asset market structure in terms a single
parameter ¥ immediately suggests a resolution for the particular issue at hand: If the
effects of public debt supply on its returns are overly strong for ¥ — oo and overly weak
for ¥ — 0, then a value in between will presumably result in a reasonable magnitude. To
explore this possibility, Figure 10 displays, for different values of ¥, how much the steady

state return of treasury securities changes after a long-run 1 p.p. increase in the Debt-to-

*2This exploits the close connection between capital returns and the (targeted) K/Y-ratio in Cobb-

Douglas production functions: In steady state, (46) requires rk = aﬁ% —do .
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Figure 9: Implications of steady state return gaps
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GDP ratio. The mapping between ¥ and the long-run return effect is clearly monotone,
which reassures us that targeting the latter is well-suited to pin down W. We see that
for values between 0.003 and 0.0075, the liquid return reaction in the model economy is
indeed in line with the range from Rachel and Summers (2019). As baseline calibration,
I will adopt ¥ = 0.005, which results in a response close to Laubach (2009)’s estimate of

4 basis points.

6 How relevant is public debt’s liquidity value for monetary

policy?

Having proposed a calibration for the HANK’s model asset market segmentation in Section
5, we can now examine whether the liquidity margin of Ricardian equivalence still provide
for meaningful monetary-fiscal interactions once reasonably disciplined. In that regard, I
start with the simple fiscal shock and determinacy exercise familiar from Section 4, before

moving on to a richer scenario inspired by the US post-2020 episode.

6.1 Simple fiscal shock and determinacy

Figure 11a provides the model responses already analyzed in Section 4 and contrasts them
with the calibrated model version featuring ¥ = 0.005. Overall, the responses resemble
the model version with integrated ¥ = 0 asset market much more than the segmented
case. Compared to the former, investment turns out slightly higher while inflation and
the policy rate remain low-key elevated following the shock. Naturally, the latter is due to

the still-elevated public debt exerting upward pressure on the neutral rate. Overall, while
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Figure 10: Treasury return responses by ¥
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the calibrated version naturally retains the fiscal non-neutrality stemming from the pres-
ence of constrained households, the additional relevance of government-provided liquidity
seems rather moderate. Of course, this is for a scenario in which the overall increase in
debt is moderate and expected to be reined in within a few years.

The similarity between the calibrated and fully integrated asset market setups also carries
over to the self-financing exercise: Compare Appendix Figure G.4. Turning to determi-
nacy, the related results are displayed in Figure 11b. As for the fiscal IRF's, the result is “in
between” the ones for the segmented and integrated cases. Nevertheless, the parameter
region providing for a unique stable equilibrium doesn’t closely resemble the four RANK
quadrants as in Figure 6¢ that closely. So, even the disciplined liquidity value of public

debt provides for a noticeable deviation from the RA case.

6.2 An application to the post-2020 US

The liquidity effect of public debt supply seemed to be of limited relevance for monetary
policy in the simple scenario above. Does that change in a situation with a large and longer-
lived fiscal expansion? To provide an answer with real-world relevance, I apply my model
to the post-2020 US in a stylized experiment. To analyze and conduct counterfactuals for
this episode, we need the model to generate a situation in line with the economic dynamics
of that time. Hence, I use a filtering algorithm proposed by MclKay and Wieland (2021) to
obtain sequences of 5 aggregate shocks that make the framework match the evolution of 5

aggregate variables during the period 2020:Q1-2024:Q2.?% The various details and caveats

Z3This period was chosen to sidestep the challenge of having to relate the model to the numerous economic

governance changes due to the re-election of US President Trump.
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Figure 11: Model Results for ¥ = 0.005
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Figure 12: Aggregate dynamics using filtered shocks
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of this exercise are in Appendix D, but note that my model doesn’t explicitly provide for
Covid-specific features and instead uses standard business cycle shocks.

Using the set of aggregate shocks obtained as described, one can simulate the model
from 2020:Q1 forward: The dynamics of several key macroeconomics aggregates are dis-
played as the blue solid line (“Baseline”) in Figure 12. Note that by construction, the
time paths of all displayed variables except the public debt variable (B/Y") and consump-
tion equal their counterparts in the data until my sample ends in 2024:Q2 (indicated by
the black vertical line). Beyond that point, the model is simulated forward without any
additional shocks hitting, implying the targeted variables deviate from their empirical
counterparts.

In the beginning of 2020, we see real variables such as output and investment take a
big hit, accompanied by declining inflation and the central bank’s policy rate hitting its
ELB. Through the lens of the model, this is due to a combination of households’ Covid-
related consumption restraints (a discount factor shock) and an unfavorable investment
technology disturbance. At the same time, public debt relative to GDP jumps up, both
due to the decline in the denominator and a big shock to transfers, the targeted time path
of which is displayed in the top-right panel. Of course, as I also illustrate in Appendix
D.1, the model increase in debt is smaller than its relevant counterpart in the data, given
that I targeted only transfer spending and not other fiscal variables.

Afterwards, the economy recovered quite quickly: In the HANK model, this is partly
due to the initial shocks easing quicker than expected, i.e., expansionary discount factor-

and investment technology innovations, and also aided by accommodative monetary policy
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Figure 13: Model-implied drivers of inflation
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as well as another spike of transfers at the beginning of 2021 (the American Rescue Plan
Act). Eventually, inflation started to rise precipitously amid output and consumption
above their pre-covid trends, inducing the Federal Reserve (Fed) to start raising its nominal
rate in the beginning of 2022. Price pressures eased quickly initially, but inflation remains
elevated above target and according to the models’ out-of-sample prediction it would be
for quite some time into the future, as it subsequently turned out to be. At the same
time, the model’s value of public debt relative to GDP has not substantially declined since
its peak at the beginning of the pandemic.’* Naturally, by now we expect the final two
phenomena to be linked.

Are the implied model dynamics plausible considering non-targeted model moments
and subsequent (non-matched) macroeconomic dynamics for the US? A respective analysis
is provided in Appendix D.1. To briefly summarize its results, the model has difficulties
relating to some labor market moments during the initial Covid-pandemic and -recovery
phase. This is arguably not surprising, as its simple labor-market setup is ill-suited to
capture the many specifics of the Covid unemployment surge. Nevertheless, the fact that
it matches later developments in aggregate labor compensation suggests that it captures
important economic drivers of the later inflationary period. Additionally, the model’s
unconditional forecasts of the time paths of inflation and interest rates beyond 2024:Q2

seem roughly in line with expectations at the time.
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6.3 Post-2020 US: Model-implied determinants of Inflation

To better understand to what extent public debt’s liquidity effect is related to the persis-
tent last mile inflation in the model, Figure 13a exploits the linearity of the model solution
to decompose the inflation response into the contribution of different shocks. The model
rationalizes the deflation at the beginning of the Covid pandemic with the said combina-
tion of discount factor- and supply shocks, partly counteracted by the strong increase in
transfers.?” Interestingly, while the McKay and Wieland (2021) filtering method assigns
the 2022 peak in inflation to adverse supply shocks, it also suggests the combination of
government transfers and accommodative monetary policy to be the key drivers of infla-
tion during 2021-2022. My model exercise is thus in line with the findings of Giannone
and Primiceri (2024) who argue such “demand side” factors to be the most important
determinants of the post-Covid price pressures. Incidentally, the strong decline of infla-
tion in 2022:Q3 is interpreted to be due to an unexpected easing (negative innovations) of
“cost push”-shocks, which aligns with a decrease of the oil price and an easing of supply
chain bottlenecks at the time.

From the perspective of this paper’s topic though, the most interesting observation
is the persistent impact of the transfer shocks. Additionally, considering the time path
for transfers as on Figure 12, we see that they retain a strong influence on inflation
for an extended period of time after their peaks in 2020 and 2021. Indeed, the model
suggests them to be the sole reason for inflation staying above target after 2023 and the
continuing upward pressure on inflation going forward. To what extent is this due to
transfers remaining above trend at the time as compared to the interest rate pressure
exerted by the public debt stemming from previous transfers?

To gauge the importance of the transfer-induced debt as compared to current transfer
levels, I again make use of the linearity of my model solution, which provides for a M A(oc0)-

representation in that the time path of a variable model variable x; can be expressed as

Ne oo
v =Z+ Y Y O,

e=1i=0
where ©O%(i) denotes the i’th entry of the IRF of variable x with respect to shock e.
Specifically, I simulate my model using that representation but propagate the transfer
shocks according to the “wrong” IRF from the ¥ = 0 economy with integrated asset
markets: This attempts to (almost) “shut down” the effect of transfer-related public debt
supply on aggregate demand and liquid asset returns. The result of this model exercise
is displayed as the red-dashed line in Figure 12. We see that in the absence of that
channel, the post-Covid inflation would have practically been over in the beginning of
2023 and remain at or below the Fed’s target afterwards. As in Section 6.1 above, this
is accompanied by a less pronounced central bank reaction, lower investment as well as

a more pronounced increase in the value of government debt. While the differences in

24Under the fiscal rule in place, public debt would be expected to start declining in late 2026.
ZThe negative contribution of Monetary Policy reflects the binding nominal interest ELB.
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inflation may seem small compared to the very high inflation peaks in 2022, Figure 13b
indicates them to be of a relevant size, amounting to more than 0.8 p.p. in annualized
terms at the end of 2023.

An alternative way to arrive at a similar conclusion is re-doing the filtering exercise for
the ¥ = 0 economy: In that case, the corresponding inflation decomposition (relegated to
Appendix Figure G.5) assigns much less importance to the transfers but rather attributes
the realized inflation to other shocks. It also predicts less inflation persistence going
forward. Overall, the model thus suggests that public debt-driven demand pressure may
plausibly exert relevant inflationary effects in the aftermath of big fiscal expansions, to
the extent that it could quantitatively generate the US’s post-2023 last mile inflation

persistence.

7 Concluding Remarks

This paper studied monetary-fiscal interactions in a quantitative HANK model. While
previous works emphasized the implications of household consumption- and savings be-
havior of such models, I highlight that several key outcomes depend substantially on the
typically less prominent asset market structure. In particular, this is the case for the
inflationary effects of fiscal policy, model determinacy properties and the fiscal costs of
stimulus policies. Effectively, it does not just matter whether households have high MPCs
and hold little liquid assets, but also how fundamentally scarce these liquid assets are.
While the potential importance of the latter depends on the micro-moments a model gen-
erates, it cannot be determined from them and thus needs to be disciplined separately.
In a benchmark 2-asset HANK model, doing so restricts the liquidity supply channel of
Ricardian non-equivalence, but not enough to render it irrelevant for policy. In a styl-
ized model experiment on the US post-Covid inflation, it is strong enough to generate
the elevated “last mile” inflation in 2023 and afterwards. A central bank can, however,
effectively counteract it by reacting directly to the stock of public debt.

Regarding future work, my paper pinpoints a need to thoroughly assess and discipline
the asset market structure of rich heterogeneous agent models. While I address this with
a simple model extension, more detailed micro-foundations may provide for interesting
policy implications. Additionally, it remains an open question how optimal central bank
policy should account for the liquidity effects of public debt in settings with rich household

heterogeneity.
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Appendix

A Derivations for the Tractable HANK model

A.1 Steady State derivations

With time-invariant C* and C°, we can re-arrange the Euler equation (2) to obtain

CS [ 1-psRA N\’
cr (5(1—S)RA>

Given that in steady state CH = ((1 — (1 — p)RPB — G)Yss — ACss)/(1 — A\) and C° =
wW(l—7Y%)wssNgs + 7+ WRABSS, we obtain a non-linear equation that can be solved

for RA. If log-utility ¢ — 1 is assumed, we can simplify it to

(1—-(1/p—=1)RAB—-G)/(1—\) A 1-BsRrA (26)
wd—pT 1-))(1—s 1\ _ A
(wT) 7 UN0=Ipag  1-A B(1-s)R

which uses that Ay, = B, = BYss, pRP = R4 and 7 = TY,, by assumption as well as
Ngs = ﬁ This can be re-arranged to obtain a quadratic equation in R4 which
has a closed-form solution in principle, but the resulting expression is very tedious and in
turn not very enlightening. However, analytically convenient expressions can be obtained
if w— 0and 7 — 0, i.e. if the H household has no labor income. In that case, we can
arrange (26) to obtain

Eiif))g_liﬂl—s)(lﬂ/‘p_l)m:1_SRA

1 1-2  A1-9)
B(s=Ae) (s—=A)B

i.e., an expression that cleanly links the steady state liquid return to the debt-to-GDP

o RA =

ratio B. Focussing on the practically relevant case with s > A/, we have

ORY  (1-G)A PPRY  21-0G)A
9B~ s—npE 0 e = o <O

i.e., the interest rate on liquid assets is increasing and concave in the debt-to-GDP ratio.

Additionally, note that
ox h—1

9s  (2-s_np <"
SO
RN _1-GHs- Mo “ M50 1-gRs-sMe
0s0B B2 (s —Mp)? B2 (s— M g)?

meaning that the sensitivity of the liquid return to the debt-to-GDP ratio is decreasing in

S.
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A.2 Log-Linearization

We begin with log-linearizing the equations that are common to all model versions around
Bgs = Ass = 0:

e Aggregate resource constraint:

Q.

. 1 1—-¢
C,=Y,—(1)p—1)RMM — G = ¢ = —
r =Y, — (/¢ — 1Ry A “a=1_g¥ B1=0)

Since A5 = 0 around the steady state, linearize w.r.t to a; = A;/Yss instead. Recall
that R = ¢/f.

e Production:

Y;:Lt:(l—)\‘i‘)\W)Nt - @t:flt

e Labor supply:

_ . . R ) o ) .
Ct ‘7(1 - Ty)wt = §Nt¢ = W; —0C = PNy —> Wy = <¢_|_ - g) g — (1 _Sog)at
———
=0
where ¢ := 1_7‘”,
e Consumption of H households: Since Ass = Tss = 0 in the steady state, linearize

w.r.t to @ = A;/Yss and t = T} /Y, instead.

1-X)(1-—
CH = (1—Ty)thtw+MRfAt+7‘+Tt
A N N 1-X)(1~-s Yss - Yss -
— zé(wt—l—nt)—k())\()RSAngat—F%tt
Yss

=0[(®+1) %] + (o — da) Gt + CHL:t

Ss

=x

5 W(l = 7¥)wssNss  w(l — 7Y¥)wss Ns
o cH w1 = V) wesNys + 7

€(0,1)

— so(l—9p)
and J, = 56(1—5)‘

e Consumption of S households:

CY = (Vi — (1) — )RMA, — G = XCH) /(1= ))

1 Y. A CcH

~S 88 [~ ~~ ss ~H
> - _ -
e vor i bl we Vol
N—— N———

;:Qy =0y

" - = Y, -
= (Gy - 9h5((13 + 1)) Yt — [9y90 + 9ha] at — Qh@tt
SS

=0 =0,
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e Euler equation for liquid assets:

(CP)™7 = BER{Y, [S(Ctsﬂ)ﬂ7 + (1= s)(Cf1)™7]

R |
— C%S' = —;Etrﬁi_l + XEsz+1 + (1 - X)Eng_l
CS —0
where x := 5(Css) €(0,1)

s(C)~7+ (1 =s)(CH)~
Note that since ¢ is assumed to fulfil (7) so as to have steady state equivalence, we
have x = se.
e Euler equation for illiquid assets:
e _ . 1. .
(Cts) = /BEthIH(CfH) 7 = Cf = —;Etrtlﬂ + Etcfﬂ
This is the standard log-linear Euler equation.

e Budget constraint of the government: Recall that we are linearizing around a steady
state with Bgs = 0 and RE =1/p.

By = RFBt +Ti+7+G—71%w L+ (1 — N7y
TYWgsLgs

Y;s (wt + Tlt)

~ 1~ -
- bt+1 = Bbt+tt_ (1—A)7~'t—

1= - A
= Bbt +t — (1 — A)Tt — Tywss(wt =+ nt)
::d)‘r

:;zsﬁft—(l—m—@[<<I>+1>ye— ik } (27)

where the last expression substitues w and 7.

e No-profit condition for Liquid Asset Funds:

1+ 4

A
Eth—i—l = @EtRﬁ1 = I, T

— Bt = Eify = (i — Evfn)
since ¢ is assumed to be constructed so that R® = 1/4.

To derive the IS condition for the baseline THANK model with segmented asset markets,
we can plug the the expression for é{l and éf into the Euler equation for liquid assets to

obtain

. . 1/ . - N -
@yt = (X@ + (1 - X)5(1 + ‘I)))Etytﬂ - ; (Zt - Ezﬂ't+1> + ((1 - X)Oé - XGa) at+1 + Ouay

v

=0 =TIy
where the last terms are zero if fiscal policy implements by = @ = &; = 0. For the alter-
native model with integrated asset markets, we can make use its additional no-arbitrage
condition B4R, | = B4RE | = E4RE,, = Eil,, =iy —Eyfepq. Using that in the illiquid
asset Euler equation, we obtain

1 /-~
~S : N ~S
Cy = —g (Zt — Etﬂt+1> + EtCtJrl

. . _ ~ 1 /4 .
= Oy = OE Y11 — Oq(Gry1 — at) — p < ¢ — Etﬂt+1>
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It is further useful to note that under integrated asset markets, if we substitute ¢ in the
liquid asset Euler equation, we get

. . L - . .
0= (x = DE&q + (1= x)Eef}y — (0 = Extg — Eif{ 1)

which, given that the no-arbitrage condition between liquid and illiquid assets requires
iAt — Exftysr — Etf'tl 11 = 0, implies Etéfﬂ = Etégl. This means the expected deviations
(but not the levels) of consumption of S and H households are equalized in this case.

Given this result, we can recover the liquid asset from dynamics as

Bl = Eefy = By Q041 — Oulir1) = By (0[(D + 1) op1] + Gaetr)
O — 5(1+®)
O, +a
=A

= Qt11 = E¢gi11

(recall that asq1 is determined at time ¢). While denominator of A is positive under any

reasonable parameterization, the nominator must be positive if I' > O, as

XO + (1 —x)o(1 + P) I(l1+ @)
S} S}

and < 0 if not. If no shock moving g; occurs in period ¢, we have (G;+1—a¢) = AMEiGrr1—3t)

and thus

I'>60<

>1le (1-y) >1—x

N N 1 R A
Yt = Et?/t—H - m (lt — Eﬂrt-i-l) .
Note that
Q:=0-0,A=0-— O (O—-6(1+2)) >0
o @ O, + @ :
N——
€(0,1)

and that Q < O if I'<®and Q>0 if ' > 6.
Finally, since w; = @y, —o(1—¢)a, the New Keynesian Phillips curve my = Ky + SEimi41

becomes
T = Kt — KaGt + BEim41 (28)

with kg := Kyuo@/(1—G). The additional term appears since the cost of liquidity provision
affects the level of consumption and thus the labor supply condition. While this effect
should be very small for reasonable parameterizations, it is not 0 at first order. If by =0
in the baseline model version, the conventional NKPC is recovered. For the integrated
asset market version, we have a; = Ag; without any shocks hitting, in which case (28) is

isomorphic to the standard case with adjusted slope k& = Kk — K. A.

A.3 Analysis of the simple fiscal shock

We start by deriving the responses of output and inflation to the baseline model in which

necessarily a; = b;. Since &y = 0 for t > 1, the IS relationship in these periods is given by

. . L/, . = =
Oy = IT'Eyfp 41 — p (lt - Etﬂtﬂ) + Ogbs + Labiy
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Given the exogenous process 13t+1 = pbl;t, we can use the methods of undetermined co-
efficients to solve for the responses of output and inflation for ¢ > 1. Conjecture that
U = Pyby and T = 1P.b;. Plugging this into the above equation and the Phillips curve, we
get the relationship

Hwy — Ka
1 — poB

which we can subsequently use in the IS condition to obtain

BL
Vi~ =

Oa(1 — ppx) + pp(1 — )& + Hafx=rn
’(/)BL: ( P ) p( ) 1 Pbﬁ‘ (29)

' O =T+ 3553

The nominator of this expression is generically positive, while I' < © ensures that the
denominator is as well. In that case, if public debt is elevated in the aftermath of a fiscal
shock, this will be accompanied by higher output, and, given that x, should be small under
any reasonable calibration, also higher inflation. What about period t = 07 Assuming
that the one-time transfer t( is financed by issuing an equal amount of public debt by = to,

we will have
o = wo + BRo71 = Ko + Boxby (30)

(if the economy starts in steady state, the r,by from (28) is 0). We can now substitute all

endogenous terms in the IS condition for t =0

szs g 1 ~ ~
cirto = 5 (9t + 50PM00) —wpth) (31

O = Ty by + Taby + 0y,

we can obtain

OnZyto + (TPL + Ty + U=y L) §y

.BL CH (
O
O+ ==

Yo

Now, a slight complication arises in that ¢ is endogenous, in the sense that in period ¢ = 0,
the real response to fiscal expansion provides the government with extra resources that it
can distribute as well. To back out what amount of #; is consistent with the exogenously

given we can turn to (27), which implies under 7, = 0 and a = bo = 0 that
to = b1 + ¢ (1 + @)go.
Substituting this into (32), we can solve out gy to obtain
L (waL + T, + %wﬁ“) )

O+ — g, Y0 (1+ )

We note that since (1 — ¢-3) < 0, (waL 4T, + =B fL> and in turn o cannot be

g

guaranteed to be positive for arbitrary calibrations.?®. However, for typical calibrations

without overly strong central bank reaction ¢, and a NKPC slope x of moderate size, it

26While T, can be negative, we will typically have Fz/)fl‘ + 'y > 0 as I explain below
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seems to be the case.
Let us now turn to the model version with integrated asset markets. Abstracting from

further shocks in £ > 1, we the inflation coefficent will have to satisfy

FINT
1 —ppB

in the aftermath of the shock. Turning the IS condition, we note that for ¢ > 1, can

T = :‘iyt + /BEtﬂ't—‘rl — wINT

substitute any instance of a; by Ag; to obtain, implying we will end up with system (10)
which is independent of b. Hence, output and inflation in ¢ > 1 must evolve independently
of public debt ¢y and we have §; = m = 0 for all ¢ > 1. This makes solving for the initial

responses in t = 0 straightforward, as we will have mg = kfjy and thus

. Yes .
Ogo = (0 — O,A)E yl +0h 7 CH Grkfo — 1 (34)
:0 =0
On & Yord, On Yerb b1
SINT _ SINT _
— yO @ + Hg” yO @ + % _ Yss ¢T(1 + (I)) (35)

Comparing this to (33), we can see that yFr > yINT if (Fq/)fL + T, + (ljﬂd)f’:) is
positive. This must not be the case for all reasonable calibrations, but is more likely to
be the case if ¢, is not too large. Intuitively, since inflation is higher for ¢ > 1 in the
baseline model, it is also in ¢ = 0, causing the central bank to react more strongly which
can potentially dampen the output response.

Nevertheless, we will typically have initial inflation 7y being higher in the baseline model.
Denoting as 7T69L — WéN T".= Amy the difference between initial inflation responses, the NK

Phillips curve implies
Amo =k (G5 — G5 ) +BEor " — Bor{™T) = wAjo + BY7 by
—_——
=Ado
given the previous results. Since 2% > 0, clearly Amy > 0 if Agy > 0. However, even if
Agp < 0, the respective IS relations require that

Ago > é (D™ +Ta) by (¢w< —m ) — ")

& L (amo— 08t > (rwa STt Uwg,ﬂ) b~ - (6em)

@Am( qt)) >é<F¢5L+Fa+¢fL <i @6>>517

i.e., that the inflation difference must be positive whenever

gL K+ 00Op
a(1—ppB)

based on the definition of /2% above. As I argue below, we usually have F@Z)f LyT, > 0for

Tt + Ty + ) > 0.

common calibrations and the condition adds the additional positive term (80)/(1 — pp/3)

which is large particularly when the public debt is reduced only slowly going forward.
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Hence, we can expect Amg > 0 for all reasonable calibrations.
Regarding the issue whether we should typically have (sz]fL +T',) > 0: Considering (29)
as well as the definition of I'; := (1 — x)& — x©,, this will be the case if
L'(©a(1 = pox) + pp(1 — X)@)
O—Tpp+ k&
& 0, (I' = xO — xk) + (1 — x)&(O© + &) >0,

+(1—x)a—xOq >0

where K := g‘f”f;bpﬁb. Recall that ©, equals Hth plus a small adjustment term depending on
A Css

the liquidity cost (1 — ), where 0, := 125 &%
if

. So, the condition will typically be satsified

O, (' = x0 —xRk)+(1-x)(O+FK)>0
o (1= )0+ 0T — xO) > [x(1+64) — 1] &
(1 =x)0y > [x(1+6p) — 1] &

where the last step uses the definitions of © and I'. If [x(1 + ) — 1] < 0, this holds triv-

ially, but for many calibrations x(146) > 1. Since 6, := ﬁgsss > land [x(1+6n) —1] /(1—

X) should be of moderate size since 0, < 0.5, (waL + T'y) > 0 typically holds for

moderately-sized & (e.g., when the central bank reaction is not very strong or the Phillips

curve not very steep).

A.4 Model determinacy properties

Consider the baseline economy: After the inclusion of the feedback rule (1 — \)7 = gbbgt
and 7, = ¢rm, the system of equations characterizing the endogenous dynamics of the
economy becomes

. . 1 - N
Oy; = I'E¢ g1 — p (Prmt — Eymey1) + Ouby + Labyya

Tt = Kiji — Kabs + BEiT11

op
(1-9)

This is a system with two “jump” variables ¢; and 7 and one predetermined variable by.

be

. 1- B R
biy1 = Bbt — Gpby — ¢r [(P+1) 7 —

After substituting the Esm 11 using the NKPC, we can re-write it in the form E;z;11 = Az
with

6" +38 _(—Bex) _ (Oit53)
T ToB T
A= _% % Ha/ﬁ
—(¢-)(1+ @) 0 db

where

0" =0 +T,0,(1+ D)

1 op
0 == —p+ Ppr——~
b= g o+ @ i-0)
O} =04+ T'y0p.
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We note that this system nests the standard RANK model as a special case with ©* =T =
1 and © = k, = 0. For the purpose of studying determinacy, it also nests the model with
integrated assets markets if ¢ and x are replaced with the appropriate adjusted values
=00 and & = k — kK A.27

To proceed, I build on Proposition C.2 in Woodford (2003), which provides necessary
and sufficient conditions for determinacy in a system of the form E;z;y1 = Az with
2 jump variables and one predetermined variable. Specifically, said Proposition states
that determinacy can arise in three mutually exclusive cases, each stated in terms of the

characteristic polynomial of A
PA) = N+ 402 + A\ + Ag

evaluated at A =1 and A = —1, as well as additional conditions on the coefficients Ay, Ay
and As. For the analysis below, I shall use x, ~ 0, noting that the model’s determinacy
properties are unlikely to change substantially due to this term given that k., should be

small under any reasonable calibration.”® We have

@*+£ 1
Ay = —tr(A) = — #+B+5b

I's of
Ap = —det(A) = _rlﬁ [(@* + 'w”> 0 —Ord-(1+ cb)}

g

* Rd)ﬂ'
Kdr 1 1)
A1 = Mys + Mg + Mays = 704—? <<@*+H> 5b—62¢7(1+<1>)) +Eb

where the M terms denote the principle minors of A.

Evaluating P(—1) = —1 4+ Ay — A; + Ay, we obtain after some re-arranging

P(-1) [@Zd»(l +@)(1+6) — (14 ) <(@* +I)(1+8) + W)] . (36)

1
I'p
In the case of a RANK model or the THANK with integrated asset markets, we have
©F = 0, so clearly P(—1) < 0. In the baseline model, this must not be the case for
arbitrary calibrations, which already highlights the more complex determinacy properties
of this model version. However, for reasonable calibrations, we should have P(—1) < 0 as

well. In this regard, note that P(—1) < 0 if

(1+0) (0" +T) (1+5)) > Ou0-(1+P)(1+ )
& (1+0)(©+T)(1+5)) > (B0 —Ta)or(1+ @)(1+5)

which uses the definition of ©*, ©} and is already weaker than necessary due to the

omission of the “U97) term. We further note that © +T' > (1+x)0©, and ©, — Ty, =

(e

2"Due to certainty equivalence, studying the deterministic case providing for tildea; = Ag; is sufficient
for this purpose.
28Gince the only need for the liquidity cost term ¢ in the baseline model with segmented asset market

is to allow for steady state equivalence with the integrated alternative, the determinacy properties of a

model version without are arguably the economically interesting object anyway.
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(14 x)0n — (1 — x))a if we omit the small adjustment terms stemming from the liquidity

cost. Since a > 0, we can thus expect P(—1) < 0 under the even weaker condition

1 1—5 Y
1+®) = (14 ®

(1—s) 1=\ 7y cl
1 -~ Z =11+
& >< T4, u+)\5Yss (1+ ),

where the second step uses the definitions of the various composite parameters. All cal-
ibrations considered by Bilbiie (2025) provide for s > 0.8 and since A determines the
quarterly MPC in the model, reasonable values should be 0.4 at most (and arguably lower
than 0.3). If 6, > 0 and 7, < 0.5, that means %

relatively high ¢ (i.e. a low share of transfers in H), Ao

% < 0.05, while even under a
H
g,:: should be around 0.3 at most.

Considering that typical calibrations of ® = (¢ + ¢/(1 — G)) are around or below 2 and

condition (37) was weaker than necessary, we can expect P(—1) < 0 for all reasonable
calibrations.?’

Now, if P(—1) < 0, Woodford (2003)’s Proposition C.2 implies that a necessary condition
for determinacy is P(1) > 0. Evaluating P(1) = 1 + As + A1 + Ay, we obtain after some

re-arranging
P(l)=1+As+ A1 + Ay

— 5 |1-0 (0 -Da-5)+

We note that in the case of RANK and the integrated asset market version of the THANK,
©* =T =1 and O} = 0, the condition P(1) > 0 simplifies to

“(@;_1)) +(1=8)(Oa+Ta)o-(14+@)| (38)

(1 —=0p)(¢pr —1) >0

which is this models’version of Leeper (1991)’s result that determinacy can only obtain
if either a) the monetary authority reacts more than 1-to-1 to inflation ¢, > 1 while
the fiscal authority stabilises debt d, < 1 (“active monetary, passive fiscal”) or b) the
monetary authority reacts less than 1-to-1 to inflation ¢, < 1 while the fiscal authority
doesn’t stabilise debt §, > 1 (“passive monetary, active fiscal”). In contrast, the full
condition (38) doesn’t factor cleanly so even conditionally on ¢, > 1 or ¢, > 1, the
possible values of the respective other parameters that can ensure P > 0 will, unlike in
Leepers’ condition depend generically on the respective other value.

Ultimately, note that given P(—1) < 0, P(1) > 0 is only a necessary but not sufficient
condition for determinacy. For sufficiency, Woodford (2003)’s Proposition requires either
|Ag|> 3 or A% — ApAs+ A1 —1 > 0. Note that the first condition will typically be satisfied
if 9y is close to 1 or above, i.e., around or beyond the boundary between passive and active

fiscal policy in standard models. For lower d;, condition A% — AgAs + A1 —1 > 0 needs to

H
PTmplicitly, 1 > Ad f,‘ff (1 + @) is required for © > 0, i.e., a positive interest rate elasticity in aggregate

demand relation (10). The condition then simply adds a small correction to this, so effectively requires

that the calibration is not too “close” to the case with © < 0.
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be checked. While analyzing the expression directly is very tedious, there are arguments
that P(1) > 0 will be typically sufficient (and not only necessary) for determinacy in case
o € (0,1), at least under Euler equation discounting (above |As|> 3 can be expected to
apply).

Drawing on similar arguments as above, we should have ©*/T' > 0,¢,(1 + ®) under
reasonable calibrations providing for Euler equation discounting I'/O < 1. That means
there is a dpp € (0, 1) for which Ag = 0 and Ay > 0 for §, < dpp. Since A, is clearly negative
for any &, € (0,1), it follows that all products in A3 — A Az are positive for &, € (0, ) and
given the size of the ©* /T term in A, one can expect that A2 — AgAs+A; —1 > 0 will hold
for all 8, € (0, dpp). For the same reason, we should have A3 — AgAa+ A1 —1=A4;—1>0
at dyg itself.

What about the case 0, € (00, 1)7 We note that — det(A) = Ay is < 0 and monotonously
decreasing in d; in that case. In turn, as det(A) = A; A2 A3 (where \’s denote the eigenvalues
of A), the eigenvalue product must be > 0 and increasing in d,. If we have determinacy
at dpp and thus two eigenvalues outside the unit circle, the increase should be driven by
the eigenvalue inside the unit circle as long as P(1) > 0 and P(—1) < 0 hold so that there
is no unit circle crossing at +£1. Given that determinacy is again ensured for high d;, one
would expect determinacy properties to be preserved for 0, € (dy0,1) as well. However,
this is a heuristic argument and doesn’t strictly rule out crossings by complex conjugate

pairs in this range.

B The quantitative 2-asset HANK model

B.1 The household problem in recursive form

Letting I'; 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

1-¢ 1+
c, > —1
.. _ t t —. .
V% ait, kit, sit, Zir; T't) = max g - + BE A1V (aits1, Kitt1, Sit+1, Zit15 Do)
Cit,Kit+1,05¢+1 1-¢ 147

s.t. to (13), (16), ki > 0 and a;; > a (39)

for an household able to adjust its capital stock and

6175 -1 N1+’Y
VT ait, kit, sit, Big; T) = max - — ¢—— + BE A1V (aieq1, it Sitg1, Sitg1; Teg)
Cit,Bit41 1-¢ 1+~
s.t. to (14), (16), kiz > 0 and a;y > a (40)
for a household that is unable to do so. The ex-ante value function V(+) is given by
V{(@itt1, kit Sit+1, Zit+15 Te1) = AV @i, kit1, Sit1, Ziv1; Teg1)

+ (1 = V"™ (ait41, kit1, Sit+1, Zitr1; Deg1)-
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B.2 Production

As Bayer et al. (2024), I make the simplifying assumption that firms solving forward-
looking problems (such as the retailers’ price setting problem) discount the future at the

households’ discount parameter 3.

B.2.1 Final goods production

The economy’s final good is produced by a representative firm that assembles a set of

differentiated inputs j € [0, 1] according to the CES technology

1 -1
i = /0 yt di (41)
Denoting the intermediate prices as pj;, this gives rise to the familiar input demand sched-

ule
Pt o
N /12 Y; 42
= () v (42)

with optimal price index P, = ( fol p}; ety1/(1=<)  Note that I allow the elasticity of substi-
tution between different varieties to exogenously vary over time, i.e., I allow for what is

commonly referred to as “cost-push” shocks in the literature. For notational convenience,

€t
er—1

I define p; =

to denote the target mark-up of the retailers presented in the next

section.

B.2.2 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 (42). Their only input are
intermediate goods, which they purchase at real price mc, (also referred to as “marginal
costs”) from the competitive intermediate goods producers. However, they are subject to
nominal rigidities a la Calvo (1983), i.e., in any given period their nominal price remains
fixed with probability Ay.

If receiving a re-set opportunity, a retailer will choose a price to maximize the corre-

sponding expected net present value of real profits

oo Pt pE\ BT
E D\ (e L L)y
3 () ()"0
t=0
In equilibrium, log-linearizing the first order conditions of the resulting price setting prob-

lem and combining them with the (also linearized) equations governing price dynamics

will give rise to the standard log-linear Phillips curve

log (m) = Ky <mct — :t) + BE log (my41) (43)

39Gince 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.
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(I-Ay)(A=Ay B)

with Ky := be )

B.2.3 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
F(u Ky, Hy) = F(up Ky, Hy) = (ug ) H} 72 (44)

K, and H,; denote the input of capital and labor services. wu; is the degree of capital

utilization that determines capital depreciation according to

5
5(ug) = 6o + &1 (up — 1) + g(ut — 12

Taking the price h; for labor services as well as the capital rental rate r; and its output
price mc; as given, an intermediate goods producer solves the static profit maximization

problem

max mc F(ug Ky, Hy) — he Hy — (r¢ + qe(ug)) K,
Ky, Hy,ug

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

ht = (1 — a)mct(uth)o‘Ht_a (45)
re + Qtd(ut) = OémCtut(Uth)a_lHtlia (46)
qt(01 + da(ug — 1)) = amct(uth)O‘_lHtlfa. (47)

B.2.4 Capital goods producer

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

adjustment costs: Using I; units of the final good, they can produce

¢ (I 2

units of capital. Investment-specific productivity Z/ is exogenous and potentially following

z

a time-varying shock process. Taking the price of capital ¢; as given, the producers choose

I; to maximize the net present value of real profits

o0 ¢ It 2
t=0

and their optimal interior solution will fulfill first-order condition

2 2
(e L\ A A 1o (L (L
e <2 <It_1 1) 1+¢<It_1 1> IH) _5‘”“2”1‘1)( )\ )
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B.2.5 Labor market

The labor market follows a set-up as in Auclert et al. (2024). Labor services are produced
by a representative labor packer that aggregates a range of differentiated labor inputs
u € (0,1) according to

Cw

1 ew—1 ew—1
Nt = </ Nu;w d’LL>
0

”ut o
Nu = | — N, 49
t ( W, > t (49)

and will thus demand

of each labor variety. Each of the differentiated labor types is supplied by a union that
sets the nominal wage W,; as a monopolist to maximize the utility of its members. The
latter are required to work according to a uniform schedule, i.e., all © workers have to

supply the same amount of hours N,;. Unfortunately, every period the leadership of a

2
due the administrative burden of adjusting contracts. In turn, every union solves

> NA O [ W 2
max E Tt / u(cir) — ¢—I— di—< “ —1) , 50
W Ve, tztﬁ ( <( ) 1+’v> 2 \ W1 (50

T

2
union wu suffers utility costs 4 (Wwﬁl — 7735) for changing the nominal wage, perhaps

taking demand schedule (49) into account.

Households are exogenously distributed over unions in a uniform manner: Note that
the law of large numbers applies thus also within unions so that the distribution of agents
i overall and within any union u coincides.?’ Due to symmetry, the F.O.C.s of (50) then

give rise to an aggregate Wage Phillips curve of the form

w — ]_ W 177’p ‘
(1 — 7)) = Kk <§Nt1+7 _ ¢ - (1—mp)(1— TZ”)/ (u’(cit) (sitPttNt> > dz)

+ BEm’ (1 — 74 q), (51)

with wy := Wy /P, and ¥ := WVtVfl. For convenience, I define k,, := %" to denote the slope
of the Wage Phillips curve. Given the uniform hours N;; = N,; for all union members and

demand schedule (49), we have

8 Nut
7Nu = —€p—r
8Wut ¢ ‘ Wut

and

a Wut o N ut
t Pt

aWUtu(Cit) = U/(Cit)(]- — Tp)(]_ — Tw) <SitPtNu Siti(l - Eu;) y

31Since all labor varieties will be symmetric in equilibrium, her labor type u doesn’t matter for an

individual’s consumption-saving problem.
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the latter reflecting that due to the envelope theorem, the marginal utility of additional
resources should equal the marginal utility of consumption. In turn, the F.O.C. corre-

sponding to (50) is

1— €y Wt 1= ) €w
(1 - Tp)(l - Tw) Wt (ul(cit) <SitPtNut> > di + Wiuthij_w

Wt ) 1 (Wut+1 > W1
— —1 + BE —1 =0 .
w <Wut—1 Wut—l IB tf‘/} Wut (I/Vut)2

If we now use that unions are symmetric and thus N, = Ny and Wy, = Wy, re-arranging

yields

1-7p
(1 — ) = %” <§Nt1+7 - 6’”6; L= )1 =7 / <u’(cﬁ) <sit‘;?Nt> > dz’)

+ BEm 1 (1 — 7 y)

B.3 External calibration

The model’s externally calibrated parameters are displayed in Table B.1: I set the house-
holds’ risk aversion parameter to & = 1.5, within the range of standard values used in
the literature. Regarding technology, I use the conventional value of o = 0.33 for the
Cobb-Douglas parameter for capital and set a quarterly depreciation rate for capital of
0 = 0.0175, implying approx. 7% annual depreciation. Similar, I set p; to a conventional
value of 1.1, resulting in a steady state markup of 10%. The elasticity of substitutions be-
tween different labor varieties is assumed to be the same as for goods and thus €,, = 11.%?
The slope of the price Phillips curve is set to ky = 0.06, in line with the recent evidence
by Gagliardone et al. (2023). In the HANK literature, wages are often assumed to be
substantially stickier than prices, even though estimated DSGE models do not always
support this. I set x,, = 0.015 to be consistent with the former, a value based on the
estimate of Auclert et al. (2020). However, given the empirical controversies surrounding
these parameters, related robustness checks will be discussed in Appendix C.
Several other parameters governing the economy are calibrated following Bayer et al.
(2024): First, I also set the probability of exiting the = = 1 state within a given period
to be 6.25% and adopt their tax progressivity parameter 7, = 0.12. The investment ad-
justment cost is chosen to be 3.5 and the ratio d2/d; set to be 1, reflecting the results of
their model estimation. For a given d/d1-ratio, I always set d; and d2 to achieve u; = 1.0
in steady state. Again, since estimates for the investment- and utilization adjustment
parameters also vary in the literature, these values will be subjected to robustness tests
as well.

Regarding monetary policy, I parameterize the model’s interest rule with standard val-
ues also employed by Bayer et al. (2023b) to study post-2020 macroeconomic dynamics in

the US. In particular, this includes setting the Central Bank’s inflation reaction parameter

32Gince I set Kk, independently of €, and calibrate ¢ to achieve N,s = 1, the value of this parameter is

practically of limited importance.
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Parameter Description Value Source
¢ Risk aversion 1.5 Standard
L Exit prob. entrepreneurs 1/16 Bayer et al. (2024)
«a Cobb-Douglas parameter 0.33 Standard
do Steady State depreciation 0.0175 Standard
I SS Goods markup 1.1 Standard
Ky Slope of price Phillips curve 0.06 Gagliardone et al. (2023)
K Slope of wage Phillips curve 0.015 Auclert et al. (2020)
€w EOS labor varieties 11 Standard
) investment adjustment cost 3.5 Bayer et al. (2024)
02/01 utilization parameters 1.0 Bayer et al. (2024)
y Inverse Frisch 1.0 Standard
6B Government debt duration 0.05 5 years avg. maturity
T Tax level 0.2 G/Y =~ 17.5%
TP Tax progressivity 0.12 Bayer et al. (2024)
T= Profit Tax 0.24 US Tax Code
(pr,0x,0y) Taylor rule parameters (0.8,1.5,0.2) Bayer et al. (2023D)
REB Effective Lower Bound rfy —0.005 2 p.p. below rfg
(prs¥B) Tax rule parameters (0.85, 1.25) See text

Table B.1: Externally set parameters

to the value 6, = 1.5 first proposed by Taylor (1993), making it clear that monetary policy
is “active” in my model. The ELB is set to be 2 percentage points (in annual terms) below
the steady state policy rate rgs, given that an exercise in Section 6 effectively assumes
the model to be in steady state before 2020. In that year, the nominal rate was around
2% and the ELB thus 2 p.p. below it.

On the fiscal side, the steady labor tax level 7 is chosen to be consistent with G/Y =~
17.5% given the model’s other targets, in line with the average ratio of government con-
sumption and investment to GDP in 2014-2019. The tax rate on the “entrepreneurs”’s
profit incomes are set to 24%, reflecting the top tax bracket for qualified dividends in the
US. Bianchi et al. (2023) report the average maturity of US treasury debt to typically
vary between 4.5-5.5 years, so I chose 6% = 0.05 to be consistent with an average 5-year
(20 quarter) duration.

Initially, I set p, = 0.85 and 1 = 1.25, ad hoc values that result in a moderately drawn-
out public debt responses. In particular, these parameters imply that for a simple transfer
shock as studied in Section 4, public debt will start to clearly decline after approx. 2 years.
As will become clear, different combinations of parameters yield similar results as long as

they provide for public debt responses of comparable magnitude.
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Disposable Income | Net Worth
Model Data Model Data

Quint. 1 6.8 4.5 0.0 -0.2
Quint. 2 | 10.8 9.9 1.2 1.2
Quint. 3 | 14.8 15.3 4.2 4.6
Quint. 4 | 20.6 22.8 11.0 119
Quint. 5 | 46.9 47.5 83.8  82.5
Gini 0.40 0.42 0.80 0.78

Note: “Data” refers to moments computed by
Krueger et al. (2016) using PSID and SCF.

Table B.2: Distributional moments comparison

B.4 Distributional Moments

In this section, I validate the internal calibration by analyzing various model-generated
moments that were not directly targeted.
Table B.2 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.?®> Arguably, the model achieves a fairly
good fit, in particular for Net Worth.

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 B.3: 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.

33In the data, disposable income is defined as the sum of after-tax earnings, income generated by assets
held as well as unemployment benefits. In the model, it only compromises the first two as there is

unemployment. In both model and data, Net Worth relates to both liquid and illiquid assets.
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Moments Model Data (incl. source)
Llliquid asset shares (from Kaplan et al., 2018)
Top 10% 67.1 70
Next 40% 314 27
Bottom 50% 1.5 3
Liquid asset shares (from Kaplan et al., 2018)
Top 10% 74.7 86
Next 40% 24.6 18
Bottom 50% 0.7 -4
Hand-to-Mouth (HtM) Status (from Kaplan et al., 2014)
Share HtM 29.0 31.2
Share Wealthy HtM 17.6 19.2
Share Poor HtM 11.4 12.1

Table B.3: Portfolio moments: Model vs. Data

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 B.1, these agents with low liquid wealth tend
to have particularly high MPCs. In turn, my framework is able to generate an average
quarterly MPC of 15.8% and an average annualized MPC of 36.7%.%* The former is of a

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

B.5 Definition of equilibrium
Definition 1. A Recursive Equilibrium of the model consists of

o value functions V*(ait, kit, Sit, Vir; T't), V™" (ait, kit, Sit, Yir; T't)

household policies a®(ait, kit, Sit, Wir; T't), a™(ait, Kit, sit, Virs T't), k(ait, Kie, sit, Vir; T't)

a . na .
and c*(ait, kit, sit, Vir; T't), " (ait, kit, sit, Yir; Tt),

firm- and union policies Iy, Ky, Hy, Yy, Ny, uy, B, Iy, y;¥j € [0,1], wy

. l
prices he, T, G¢, Ty, MCt

inflation
e government policies Gy, BY , 7, m},
so that

1. Given prices Ti, Tt, G, wages wy and profits Iy, the value functions V*(ait, kit, €it, Sit, Zit; T't),

V™ (@, kit €ty Sity Zir; T't) solve the households’ Bellman equations in (39) and (40)

34T compute individuals’ annualized MPCs aM PC as aM PC = 1— (1 —qM PC)* following Carroll et al.
(2017). Note that these annualized MPCs will not exactly equal individuals’ annual MPCs.
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Figure B.1: Model MPC distribution
and a(a;t, kit eit, sit, Zis L't), k(ait, Kit, €ies Sits Zies Te) s caqr, Kig,s eit, sie, Zigs T't) are the
resulting optimal policy functions.
Ezxpectations are model-conistent.

yjt € [0,1] are consistent with demand schedule (42) and final output Y; given by
(41).

. Inflation 7 is consistent with Phillips curve (43).

Given prices hy, r¢, qi, mcy, the intermediate goods producers choices Ky, Hy,us are

consistent with optimality conditions (45)-(47).

Given price qi, the intermediate goods producers choices Iy are consistent with opti-

mality condition (48).

The labor packer’s zero profit condition hy = wy is fulfilled.

The dynamics of the wage level wy is consistent with (51).

The Liquid Asset Funds’ portfolio choice is consistent with (21).
The return of liquid assets is given by (22).

Given inflation m and output growth Y;/Yi—1, the monetary authority set TEH ac-

cording to (17).
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12. Taking the remaining values as given, the government sets taxes according to (19)

and issues debt B, | so that (18) holds.

18. The market for liquid asset clears, i.e.,

1
Aé:/ aitdz’ .
0

14. The government bond market clears, i.e.,

Bl =B .

15. The capital market clears, i.e.,

Al _ Bl 1
m_tt+/mm.
qt—1 0

16. The market for investment good clears, i.e.,

¢ ( I 2

K= (1—6(w)) K¢ +

17. The market for labor services clears, i.e.,
18. The market for intermediate goods clears, i.e.,

19. The final good market clears, i.e.,

I 4
v BH?
o+3(1-3)

where 1(-) denotes the indicator function.

¢ [ I o .
Y;:Ct—FGt—f—It—{-g — =1 +R 1(ait§0)aitdz
0

Al

20. The distributions of income and wealth evolve according to household’s policy func-
tion and the exogenous transition probabilities 7°(-|-), ¢ and .
B.6 Details on numerical implementation
B.6.1 Details on Steady State Solution

The household problem needs to be solved on a discretization of the state space: I choose

90 grid points for both a and k, either of which are non-linearily spaced as household
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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 = Zmin + exp(exp(u(log(l + log(1l + Zmaz — Tmin)),ni)) — 1) — 1

where 2, is the minimum value on the grid for variable x, 4, the maximum value and
u(0, Zymaz) @ vector of equidistant points on the interval [0, Z;nq.]. Since household value-
and policy functions will feature and additional kink around ¢ = 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 17 points, this means that the
household problem is solved on a tensor grid of 90 x 90 x (17 + 1) = 145800 points (the
“entrepreneur” status adds an “income” state to the 17 “skill” states). The discretization
of the individual labor productivity process follows an off-the-shelf method a la Tauchen
(1986). 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. (2024) closely.®® Given the random illiquid asset adjustment, the
EGM scheme only needs to iterate 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 7., and r¥: 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 rl; and 7%, so that the asset markets clear.

B.6.2 Details on State Space Perturbation

As already indicated in the main text, the model’s dynamic equilibrium is approximated
using First-Order Perturbation around its non-stochastic steady state. For the State Space
perturbation a la Bayer et al. (2024), note that when using the discretized representations
of the marginal value functions as well as the joint income/asset distribution, the equilib-

rium can be represented as the solution to a non-linear difference equation of the form

EiF(yt,Xe, Ye+1,Xe41) =0 (52)

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
computing the Jacobians of F' as in (52) 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 200, 000.

35 As of October 2025, these replication codes are available under https://github.com/BASEforHANK/
BASEtoolbox. j1.
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To overcome this problem, Bayer et al. (2024) propose a procedure which conducts
dimension reduction in 2 steps, one before computing the Jacobians and one after. Specif-
ically, 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 a fitted multi-
dimensional Chebychev polynomial, of which only a subset are selected to be perturbed:
Bayer et al. (2024) propose to use the nodes that are most important for describing the
derivatives of the steady state marginal value functions to changes in the set of prices
that households directly take into account (e.g., interest rates and the wage). The other
coefficients are kept at their steady state values.

For reducing the dimensionality of the joint distribution in the first step, the authors
furthermore suggest splitting it into marginals and a copula, where the latter is in effect
treated as an 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 cop-
ula, which have substantially lower dimension. Overall, in my application the procedure
manages to shrink the effective dimensionality of the system to a manageable number of
approx. 1400, for which an initial perturbation solution is obtained.

The second step further reduces the set of DCT coefficients by using the first step solution
to check which ones vary only very little with the aggregate shocks and are thus not impor-
tant for explaining model dynamics. It is useful if the model has to be repeatedly solved
for different parameters, such as for checking model stability for different parameters as

e.g., in Section 4. For a more detailed exposition, see Bayer et al. (2024).

B.6.3 Details on Sequence Space Perturbation

As already mentioned in the main text, in addition to the State Space perturbation method
described above, I also use a Sequence Space linearization method a la Auclert et al. (2021),
as its allows to flexibly expose the economy to various news shocks. This proves useful
particular for the analysis in Section 6.2: Firstly, the analysis in that Section requires the
model to be able to handle a binding lower bound on the nominal interest rate. As already
pointed out by McKay and Wieland (2021), this can be achieved (relatively) easily in a
Sequence space setting using news shocks. The idea is that if an aggregate shock would
cause the central bank (CB) to violate the ELB in a certain number of periods, one can
solve for a sequence of pre-announced monetary policy (news) shocks that would keep the
economy at the ELB instead. The CB then enforces the ELB by announcing exactly these
shocks. Secondly, the same feature of a sequence space solution makes it easy to consider
different interest rate rules. This is because in a linearized model, those can similarly be
imposed by announcing a suitable set of news shocks to the policy rule in place (McKay
and Wolf, 2023).

I obtain the Sequence Space Jacobians (SSJs) of the model’s heterogeneous agent block

as described in Auclert et al. (2021), although I rely on automatic differentiation instead
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of finite differences to ensure accuracy of the derivatives. For obtaining the general equi-
librium SSJ’s, I then build on the model representation proposed by Bhandari et al.
(2023), which, for given Heterogeneous Agents SSJs, yields the same GE SSJs as Auclert
et al. (2021)’s Directed Acyclical Graph (DAG) approach.®® T use a truncation horizon of
T = 500 periods, as my 2-asset HANK model features relatively-long lived IRFs due to

the presence of investment adjustment costs and shocks with quite high persistence.

C Robustness analyses

This appendix aims to address potential concerns regarding the generality and robustness
of the paper’s main insights in Section 4. In particular, the respective model exercises
were conducted only in the context of a particular fiscal policy scenario and the model

features several parameters whose values are subject to empirical controversies.

C.1 Alternative Fiscal Shocks

Firstly, to what extent do the results in Section 4 depend on the used fiscal policy scenario?
To answer this question, I firstly considered an alternative scenario with a government
consumption shock instead of the transfer shock. In particular, Appendix Figure G.6
displays the macroeconomic response to a persistent increase in government consumption
G, assumed to increase by 2.5% on impact and afterwards following an AR(1)-decay with
persistence 0.9. While the aggregate responses naturally differ, considering different asset
market structures has quantitatively comparable effects.

Secondly, I computed IRF's for the original transfer shock but assuming that the fiscal
authority consolidates by reducing government consumption G instead of changing taxes.
The respective results are provided in Appendix Figure G.7. For this alternative, the
aggregate wealth effect due to less wasteful (in this model) government spending causes
household consumption to increases slightly more and investment to decrease less. But as
long public debt and hence its liquidity effect evolve similarly, there are no major changes

compared to the baseline fiscal rule.

C.2 Alternative model parameterizations

Like every New Keynesian model, the framework used for the above analysis contains
several parameters subject to empirical controversies, in particularly the “slopes” of the
New Keynesian Price- and Wage Phillips curves. Additionally, since investment demand
was found to be important for the transmission of the debt-driven inflation, it is relevant
to check to whether the above results are due to specific values for the model’s capital
utilization- and adjustment costs. To address this, I varied the parameters one-by-one

to assert robustness with respect to the Baseline calibration’s parameter choices. The

36 An example application for a simpler HANK model can be found under https://mhaensel.github.
io0/SSJ_Julia_Notebook/SSJ_notebook_2.html.
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resulting IRFs to the transfer shock are displayed in Appendix G and briefly summarized
below.

Allowing for higher or lower price stickiness by varying the NKPC slope « affects the
absolute size of the inflation responses to the fiscal shock, but not so much the relative
importance of the asset market structure. The same is the case for wage stickiness (c.f.
Appendix Figures G.8 and G.9). Results are similarly robust to considering alternatives
values for the investment adjustment- and utilization parameters, which affect the re-
sponses of inflation and real aggregates only moderately (Appendix Figures G.10 and
G.11).

C.3 Sticky Expectations

It is well known that heterogeneous agent (HA) business cycle models struggle to match
empirically estimated IRF's of aggregate consumption to some business cycle shocks: In the
data, such responses are often found to be very smooth, while HA models generate initial
jumps due to household’s high MPCs and the absence of “habit formation” assumption.
However, several authors argued that HA models extended with “sticky expectations”, in
that households only infrequently update their information about macroeconomic aggre-
gates, can resolve the tension (see Carroll et al., 2020; Auclert et al., 2020).

Here, I address the potential concern that my baseline model’s “debt inflation” dynamics
may hinge on its (perhaps less desirable) full information rational expectation assumptions
and introduce sticky expectations as in Auclert et al. (2020). T assume that households
update their information with a quarterly probability of 10%, close to the estimation result
in Auclert et al. (2020) and more sticky than in the calibration of Carroll et al. (2020).
The corresponding results for the transfer shock are displayed in Appendix Figure G.12:
The responses are quite similar to the baseline in Section 4 and the key insight on the

relevance of the asset market structure is essentially unaffected.

D Post-2020 US experiment

As described previously in Appendix B, the HANK model contains 5 shocks, two supply
shocks (investment technology, “cost push” /markup), a demand shock (discount factor)
and two policy shocks (monetary policy, transfers). Under the assumption that the econ-
omy was in steady state in 2019, these exogenous disturbances are used to replicate the
subsequent evolution of aggregate output, investment, inflation, the central bank’s pol-
icy rate as well as government transfer spending. For the real variables subject to trend
growth, this refers to the relative deviation from their pre-pandemic trends instead of lev-
els.?” For further information on the construction of the targeted variables, please refer

to Appendix E.

37Strictly speaking, I cannot match transfer spending’s relative deviation from trend in my model as
transfer payments are zero in its stationary equilibrium. Instead, I match the deviation of transfers relative

to trend output.
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Zl o AT
AR(1) persistence | 0.75 0.9 0.0 0.9 0.5

Table D.4: Assumed persistence of model shocks

The choice of the 5 business cycle shocks mentioned above is motivated as follows: The
discount factor shock is supposed to induce pandemic-related consumption restraints as
in Barddczy et al. (2024), which requires additional investment shocks to not give rise to
counterfactually higher investment. The monetary policy- and transfer shocks are needed
to replicate the time-paths of the policy rate and transfer payments while the “cost-push”
introduces another source of supply side inflation. I intentionally do not model other
Covid-related spending programs such as support for corporations as it is less clear to
whom these should be assigned in my framework. Given that this will result in my model
generating less public debt than in the data, I view this as a conservative choice.

Since the number of shocks equals the number of target variables, the McKay and
Wieland (2021) filtering method does not require me to take a stance on the variance of
the business cycle shocks. The method can account for an ELB and is described in more
detail in Appendix B.6.

However, assuming that all shocks follow AR(1)-processes, I still need to make assump-
tions on their persistence in order to compute the necessary IRFs. My calibration choice
is presented in Table D.4: The values for the supply shocks (1, Z!) and the discount factor
disturbance (A) are set to salient values in the ballpark of Bayer et al. (2024)’s estimates.
Since many of the big transfer expansions during the pandemic period were designed to
be short-lived, I further assume the autoregressive parameter of the transfer shock to be
a low 0.5. As the rate smoothing term of the monetary policy rule (17) already provides
for a persistent impact of the rate shock €, the latter does not depend on its previous
value. To ensure that the short-lived transfer shocks result in a long-lived debt response,
I furthermore reduce fiscal responsiveness to for (pr,¥p) = (0.94,0.5). These values were
selected so that public debt does not noticeable decline before 2026 in the filtered baseline
scenario.

Naturally, the resulting analyses have caveats. Firstly, my model doesn’t feature any
Covid-related features such as lock-downs but rather assigns the observed aggregate dy-
namics during 2020-2021 to standard business cycle shocks. While in line with other DSGE
model-based investigations of the post-pandemic inflation (e.g. Gagliardone and Gertler,
2023; Bianchi et al., 2023), the model does thus only provide a simplistic account of var-
ious pandemic-specific phenomena. This includes the nature of transfer payments made
by the government, which are assumed to consist solely of uniform lump-sum payments
for the purpose of this exercise: Since transfers specifically aimed at poor agents with
high MPCs tend to have larger effects in HANK models, this simplification can again be

seen as a conservative choice. Secondly, the fact that the analysis is based on a linearized
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Figure D.2: Non-targeted variables: Model vs. Data
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Note: B/Y represents the market value of public debt B? over annualized GDP. The construction of the

data series is specified in Appendix E.

model means that we will miss out on non-linearities that may be relevant for the large
shocks occurring during the period under consideration. Again, my analysis shares this
reservation with numerous other studies of the US post-2020 period (including the two
cited previously). Finally, all the results obviously depend on the assumption of under-
lying policy rules: Under different ones, e.g., a partly active fiscal policy regime as in
Bianchi et al. (2023) instead of the active Taylor rule, the same aggregate dynamics might

be assigned to different shocks.

D.1 Comparison for untargeted variables

In this Appendix, I gauge how well the model relates to some non-targeted moments so as
to be able to judge what aspects of the US economy it does or does not capture well for the
post-2020 exercise. Again, the construction of the additional data used here is specified in
Appendix E. The top-left panel of Figure D.2 compares the relative value of public debt
in the model with an approximation of the market value of domestically held US federal
debt in the data. As anticipated, the model generates a smaller expansion, implying that
if anything, my exercise have under-estimate the amount of “debt inflation” for a given
calibration.

While aggregate consumption was not directly targeted in the construction of the
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shocks, the resulting fits the data very well: This is not surprising as in the model (and
reality), the by far most important components of GDP are private investment and con-
sumption. Having targeted both output and investment, a good fit for consumption is
essentially by construction.®®

A relevant and more interesting set of non-targeted model variables relates to labor
supply. Here, the success of my model partly depends on which data moment one would
consider the most relevant real-world counter-part for the simple set-up in my HANK
model: In the center panel of Figure D.2, we observe that if one follows the common
convention of using Hours Worked divided by the aggregate population (red-dashed line),
my model substantially over-estimates the labor supply recovery after the pandemic. In
contrast, if adjusting by the size of the civilian labor force (green dot-dashed line), it does
a better job.

Given that the conventional DSGE labor market set-up in my model is arguably too
simplistic to capture details such as time-varying participation and composition-effects
important during the pandemic recovery, a perhaps more reasonable demand is it matching
well the overall amount of labor compensation paid (hyH; in the model), which directly
matters for the model households’ aggregate consumption- and savings decisions. While
my model overstates the initial drop at the beginning of the pandemic, it matches its
subsequent dynamics well, exuding confidence that the HANK framework captures the
relevant economic forces at work at least after 2020.

Finally, one may be wondering whether the model’s forecast of elevated inflation and
a decreasing federal funds rate is at odds with the developments after 2024:Q2. On this
issue, recall that the forward simulation does not account for subsequent shocks hitting the
economy and any further disturbances could of course explain the difference. Indeed, from
the perspective of 2024:QQ2, inflation expectations in my model do not seem unreasonably
out of touch with various measures of inflation expectations at the time: According to
the Cleveland Fed’s model of inflation expectations, 1- and 2-year expected inflation was
approx. 2.7% and 2.6% in June 2024, respectively. The May 2024 Survey of Professional
Forecasters suggests an expected inflation of 3.1% for 2024 and 2.5% for the period 2024
- 2028, while FOMC member’s inflation expectations ranged between 2.5 — 3.0% for 2024
and 2.2 — 2.5% for 2025 at the time (c.f. Federal Open Market Committee, 2024). For
comparison, my model’s predicted inflation rate is approx. 2.7% for 2024 and 2.6% for
2025. There is less publicly available data for expectations about the federal funds rate.
The model-implied values, approx. 3.2% for the end of 2025 and 2.9% for the end of 2026,
fall within the ranges of the June 2024 FOMC Summary of Economic Projections (SOEP),
although only at the lower end for 2025 (again, see Federal Open Market Committee, 2024).

38The fact that the match is not perfect is due to the variables being de-trended separately and the

dynamics of government consumption not being targeted.
39The smaller initial drop in labor compensation despite the strong fall in hours at the beginning of

the Covid-pandemic is due to composition effects, with much more low-income than high-income workers
being laid off in early 2020.
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E Data Construction

E.1 Data for model exercise

This Appendix describes the construction of the data used for the model exercises in
Section 6.2. The analysis uses the following aggregate variables, the data for which were

again obtained from the Federal Reserve Economic Data (FRED) platform:

e Nominal Rate: The variable corresponds to the federal funds rate (FRED series
FEDFUNDS).

e Inflation: (Gross) Inflation corresponds to the growth of the GDP deflator (GDPDEF)

compared to the previous quarter.

e Output: (Real) Output corresponds to the sum of the following variables divided
by the GDP deflator and current population (CNP160V):
— Personal Consumption Expenditures: Non-durable Goods (PCND)
— Personal Consumption Expenditures: Durable Goods (PCDG)
— Personal Consumption Expenditures: Services (PCESV)
— Gross Private Domestic Investment (GPDI)
— Government Consumption Expenditure and Gross Investment (GCE)

e Investment: Gross Private Domestic Investment (GPDI) divided by the GDP de-
flator and current population (CNP160V).

e Transfers: (Real) Transfer payments consist of the sum of the following variables
divided by the GDP deflator and current population (CNP160V).

— Federal government current transfer payments: Government social benefits to
persons (BOSTRC1Q027SBEA)

— Federal government current transfer payments: Grants-in-aid to state and local
governments (FGSL)

The definition of this variable follows Bianchi et al. (2023).

e Hours worked: Nonfarm Business Sector Hours Worked for All Workers (HOANBS)
divided by either the level of the civilian labor force (CNP160V) or the civilian labor
force (CLF160V).

e Labor Compensation: Compensation of Employees (W209RC1) divided by the
GDP deflator (GDPDEF) and current population (CNP160V).

The pre-covid trends for Output, Government Consumption, Investment and Transfers
are taken to be linear time trends estimated for the respective variables over the period
2014Q1 to 2019Q4.
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Rate gap do I5; ¢ A R Gss
3.74% (Baseline model) | 0.0175 0.9838 0.0005 0.0363 0.0355 0.5650

2.711% 0.02 0.9866 0.0004 0.067 0.0299 0.5832
1.70% 0.0225 0.9894 0.0003 0.1068 0.0222 0.5986
0.69% 0.025 0.9921 0.0003 0.1760 0.0131 0.6137

Table F.5: Alternative calibrations used in Section 5.3

Finally, for the comparison between model-implied and actual public debt, I use an
approximation of the market value of treasury debt held by the domestic debt public: To
the best of my knowledge, there is no publicly available breakdown of the market value of
US treasury debt into domestic and foreign holdings throughout the entire period 2020Q1-
2024Q2. Instead, I calculate a “foreign share” s/ as Federal Debt Held by Foreign and
International Investors (FDHBFIN) over Federal Debt held by the Public (FYGFDPUN)
and then take the market value of domestically-held public debt to be (1 — s/) times the
Market Value of Marketable Treasury Debt (MVMTDO027MNFRBDAL) minus Federal
government checkable deposits and currency as reported in Federal Reserve’s Financial
Accounts of the United States (FL313020005.Q): The latter would reduce the governments
net liquid asset supply from the perspective of the model.

Implicitly, the approximation being correct requires the treasury debt portfolios held
by domestic and foreign agents to not differ systematically in terms of maturity structure
etc. The US Treasury (2024) reports foreign holdings to have weighted average maturity

of 6.3 years, a bit but not overwhelmingly higher than the overall average.

F Additional Tables

This Appendix contains auxiliary Tables referred to in the main text.

G Additional Figures

This Appendix contains auxiliary Figures referred to in the main text or previous appen-

dices.
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Figure G.3: Model IRFs to fiscal shock
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Figure G.4: Model IRFs: Self-financing
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Figure G.5: Inflation decomposition: ¥ = 0 case
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Figure G.6: Model IRFs to Government spending shock
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Figure G.7: Model IRFs to Transfer shocks: G adjusts
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Figure G.8: IRF's to transfer shock: Varying »
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Figure G.9: IRFs to transfer shock: Varying k.,
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Figure G.10: IRFs to transfer shock: Varying ¢
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Note: B/Y represents the real market value of public debt BY over 4 times (=annualized) GDP.
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Figure G.11: IRFs to transfer shock: Varying d2/d;
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Note: B/Y represents the real market value of public debt BY over 4 times (=annualized) GDP.

Figure G.12: IRFs to transfer shock: Sticky Expectations

Output Consumption Investment

2.0 4
. 1.5+
1.0+
0.5

0.0

% dev

084"

£064 .

d
4
p.p. dev.
o
g
~
’
’

d04_ N

%, L > ~
= S o 10.25 S~
g -~
2 0.2 -~ .
5 ---

0.00

0.0 : r T T T T T

ann

— Integrated, Sticky Exp.
- - -Segmented, Sticky Exp.

Note: B/Y represents the real market value of public debt BY over 4 times (=annualized) GDP.
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