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Abstract: Do tax-financed fiscal expansions entail a trade-off between short-run
output stabilization and long-run growth? To answer this question, we develop a
heterogeneous agent framework with nominal rigidities and endogenous growth.
Analytically, we characterize three regimes with potentially opposing effects on
output and technology growth, depending on systematic monetary policy and tax
incidence. In the U.S., the quantitatively relevant regime features a robust trade-
off: a typical fiscal expansion, financed by higher tax progressivity, yields an im-
pact output multiplier above one, a near-zero multiplier after three years, and
sizable long-run output losses. Taxing the middle class avoids this trade-off and
maximizes welfare.
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1. Introduction

Tax-financed fiscal stimulus programs are a central policy tool for stabilizing economic
activity during recessions. Historically, the typical government spending shock in the
United States has been financed through greater tax progressivity, with relatively larger
tax hikes on high-income households as compared to low-income households. More
recently, the 2021 Build Back Better proposal followed this regularity: its financing pro-
visions aimed to raise revenues from high-income households directly, through a 5 per-
cent surtax on income above $10 million and an additional 3 percent surtax above $25
million, and more indirectly, through a 15 percent minimum tax on large corporations.

Proponents of this policy design emphasize its short-run benefits, arguing that fis-
cal expansions can stimulate aggregate demand effectively when the resulting tax bur-
den falls on high-income households with low marginal propensities to consume, a key
propagation channel in the New Keynesian literature (Kaplan et al., 2018, Auclert et al.,
2024, Ferriere and Navarro, 2025). Opponents of this policy design, however, point to siz-
able long-run costs, arguing that greater tax progressivity may dampen entrepreneurial
activity, discourage innovation, and weaken future growth by redistributing resources
away from innovative entrepreneurs, consistent with central mechanisms in the innova-
tion and growth literature (Jaimovich and Rebelo, 2017, Akcigit et al., 2022, Jones, 2022).!

Existing studies that evaluate the efficacy of fiscal stimulus programs rely on models
that typically capture one of these contrasting perspectives but not the other. This leaves
two unanswered questions: Does this policy design entail a trade-off between short-run
stabilization and long-run technology growth? More broadly, how should the tax burden
of fiscal stimulus programs be distributed across households to maximize welfare?

This paper attempts to fill this gap by developing a unified theory of fiscal stimu-
lus programs within a Heterogeneous Agent New Keynesian Growth framework (HANK-
G). This framework combines three cornerstones of macroeconomic modeling: endoge-
nous technological growth through entrepreneurial innovation, nominal rigidities that
generate demand-driven fluctuations in economic activity, and heterogeneous house-
holds that differ in their marginal propensities to consume and to innovate.

Through the lens of the HANK-G framework, we show that progressively financed
fiscal expansions generate an economically significant and quantitatively robust stabi-
lization trade-off in the U.S. economy: they expand output in the short-run very effec-
tively with fiscal multipliers above one, but lower technology growth leading to sizable
drops in the long-run level of output. Therefore, our analysis underscores that the typi-
cal U.S. government spending design has focused overly on creating short-run demand
stimulus and, by doing so, has systematically overlooked creating conditions for innova-
tion and long-term growth. This finding indicates that the prevailing policy design may
not be welfare-maximizing, implying scope for Pareto-improving reforms.

We derive this result in two main steps. As our first contribution, we characterize the
key transmission channels of fiscal stimulus programs in an analytically tractable ver-
sion of the HANK-G framework. As our second contribution, we calibrate an extended

1See, for instance, the Tax Foundation’s comment on the long-run effects of the Build Back Better plan.
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version of the model to the U.S. economy, quantify the short- and long-run effects of tax-
financed expansions in government spending, and determine the welfare-maximizing
tax incidence across the income distribution.

Analytical Framework. We begin by developing an analytical framework that com-
bines elements of the tractable heterogeneous agent New Keynesian model of Bilbiie
(2025) with elements of the Keynesian growth model of Benigno and Fornaro (2018).
Specifically, there is a continuum of households who consume, work, and face idiosyn-
cratic income risk. Households switch between two states that differ in their access to
asset markets, giving rise to a precautionary saving motive. A fraction of households are
unconstrained entrepreneurs who self-insure through liquid bonds and own innova-
tive firms that accumulate illiquid innovative capital. Innovative investment increases
future technology growth and earns a return premium. The remaining households are
hand-to-mouth and consume their disposable income each period. A representative fi-
nal good firm combines labor with intermediary inputs supplied by entrepreneurs’ mo-
nopolistic innovative firms. Nominal rigidities arise from the presence of wage sticki-
ness. Finally, fiscal policy operates through transfers and government spending financed
by a heterogeneous and non-distortionary tax incidence across household types, while
the central bank sets the nominal interest rate according to a Taylor-type feedback rule.

The stationary equilibrium dynamics of this economy are represented by four equa-
tions: (i) a dynamic IS equation; (ii) an endogenous growth equation; (iii) a New Key-
nesian Phillips curve; and (iv) a monetary policy rule. Beyond its analytical tractability,
the key novelty of this representation lies in the unified treatment of fiscal stimulus pro-
grams within a single framework that remains comparable to existing heterogeneous
agent models analyzing their short- and long-run propagation in isolation.

Theoretical Results. We then use our tractable HANK-G framework to study the prop-
agation of a persistent government spending shock that is financed by greater tax pro-
gressivity. In the short-run, fiscal stimulus programs raise output whenever the expan-
sion in public spending outweighs any tax-induced decline in private consumption and
innovative investment. In the long-run, they are effective only if they also stimulate in-
novative investment and, through it, the permanent level of output. We show that the
distribution of the tax burden across household types and the stance of systematic mon-
etary policy jointly determine the sign and magnitude of short-run and long-run effects.

Progressive tax financing shapes short- and long-run effects through two opposing
forces. On the one hand, it channels resources toward households with high spending
propensities raising private consumption and output. This short-run expansion in ag-
gregate demand increases the returns to innovation, crowding in innovative investment
and increasing permanent household income. On the other hand, it directly reduces the
after-tax returns to innovation for top-income entrepreneurs, crowding out innovative
investment and depressing permanent household income.

What determines which force prevails is the stance of systematic monetary policy,
that is, the aggressiveness with which the central bank responds to higher output and
inflation by raising real interest rates and thereby controlling the size of the short-run
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demand expansion. Its interaction with tax incidence generates three distinct regimes,
each with sharply different implications for the efficacy of the stimulus program.

In the first regime, monetary policy is sufficiently accommodative, leading to a siz-
able short-run output expansion. The resulting surge in aggregate demand is strong
enough to crowd in innovative investment, so progressively financed spending shocks
raise both short-run output and technological growth relative to the laissez-faire allo-
cation. In the second regime, monetary policy is more aggressive. The compressed de-
mand expansion is no longer sufficient to offset the direct disincentive to innovate cre-
ated by higher taxes on top earners. Economic activity still rises in the short-run, but
technology-growth falls and permanent output losses accumulate over time: a short-
versus long-run stabilization trade-off emerges. In the third regime, tax incidence is in-
sufficiently progressive and monetary policy sufficiently aggressive. The anticipated de-
cline in permanent household income suppresses current private consumption from
the outset, so both short-run output and technology growth contract simultaneously
and the fiscal stimulus is ineffective along both margins at once.

Quantitative Analysis. To understand which regime is quantitatively relevant, we cal-
ibrate an extended version of the model to the U.S. economy. The quantitative model
preserves the core mechanisms of the tractable model, but enriches the environment
where needed for empirical discipline. To this end, we relax the spender-entrepreneur
dichotomy by incorporating richer idiosyncratic risk in labor productivity, employment
status, discount factors, and innovative success. Moreover, we adopt flexible tax and
transfer schedules that map more closely to the fiscal instruments used in practice and
allow fiscal expansions to be partially debt-financed. We discipline the model to match
key moments of income and wealth inequality, realistic short-run consumption re-
sponses, and the most up to date empirical estimates of the sensitivity of entrepreneurial
innovation to taxation from Akcigit et al. (2022).

We then show that a typical government spending shock, financed by greater tax
progressivity, raises short-run output but slows down technology growth, placing the
U.S. economy in the regime where short-run stabilization comes at the expense of lower
long-run growth. The initial expansion in output, with an annual multiplier of 1.07, is
overtaken within just eight quarters by the decline in technology growth, whose annual
multiplier is -0.11. This translates into a sizable long-run loss: a persistent 1% increase
in government spending reduces the permanent level of output by roughly 0.12%. This
stabilization trade-off survives across a range of alternative specifications, including dif-
ferent monetary policy rules, stronger nominal rigidities, alternative earnings incidence
assumptions, a lower elasticity of innovation to taxation, and more persistent spending
shocks. Despite these adverse long-run effects, utilitarian welfare, measured by the ag-
gregate consumption-equivalent variation (CEV), remains positive overall at 0.37% rela-
tive to the laissez-faire economy, because the short- to medium-run consumption gains
dominate in present value terms the long-run permanent income losses. These welfare
gains, however, are unevenly distributed and are concentrated toward the bottom of the
income distribution.



Stabilization Trade-off and Tax Incidence In the final part of the paper, we analyze
which financing scheme best navigates the trade-off between short-run stabilization
and long-run technology growth and maximizes welfare. To this end, we introduce tar-
geted perturbations to the tax schedule that allow the government to allocate the ad-
ditional tax burden to specific income quantiles. We find that welfare is maximized
when the additional tax burden falls on upper-middle-income households, around the
70th percentile of the income distribution. The resulting CEV welfare gain increases by
62%, to 0.60%, relative to the typical progressive financing design. Intuitively, this tax
scheme preserves the demand response of high-MPC households at the bottom, and
hence yields the largest short-run welfare gains, while limiting the long-run welfare
losses from distorting innovation at the top. Concretely, under the welfare-maximizing
tax incidence, the annual output multiplier is well above one, reaching 1.22, while the
technology-growth multiplier remains slightly positive, at 0.02. Strikingly, welfare gains
are positive for every household in the economy, including those directly targeted by the
tax incidence, and larger than under the typical progressive financing scheme, implying
a Pareto improvement.

Related Literature. This paper contributes to the extensive literature that studies how
household heterogeneity affects aggregate outcomes in the short- and long-run. Specif-
ically, we relate to four strands of the literature.

First, our paper contributes to the HANK literature. On the analytical side, our
tractable heterogeneous agent model relates to Bilbiie (2008, 2020, 2025), Acharya and
Dogra (2020), Broer et al. (2020), Ravn and Sterk (2020), Cantore and Freund (2021), and
Debortoli and Gali (2024a). As the source of heterogeneity is based on limited asset mar-
kets participation, our HANK-G economy is closest to Bilbiie (2025), however extended
by two assets as in Gali et al. (2007) or Bilbiie et al. (2022), a general earnings incidence as
in Werning (2015), and sticky wages. Our contribution is to integrate endogenous growth
into a tractable HANK framework and derive a novel closed-form, four-equation repre-
sentation that transparently isolates the key short- and long-run propagation channels
of fiscal expansions. On the quantitative side, we relate, among many others, to McKay
et al. (2016), Kaplan et al. (2018), Bayer et al. (2019), Auclert (2019), and Auclert et al.
(2024) highlighting the role of MPC heterogeneity for aggregate demand. Our quanti-
tative HANK-G model contributes to this literature by integrating heterogeneous inno-
vative entrepreneurs into a HANK environment, so that top incomes emerge endoge-
nously from innovation and household heterogeneity matters not only for aggregate de-
mand but also for aggregate supply.

Second, our paper relates to a growing literature that studies the propagation of
aggregate shocks and stabilization policies in business cycles models with endoge-
nous growth. Stadler (1990) and Comin and Gertler (2006) were the first to document
medium-term business cycles. Building on their work, Benigno and Fornaro (2018), An-
zoategui et al. (2019), Garga and Singh (2021), or Fornaro and Wolf (2025) developed

2As technology growth is driven by innovative investment, our paper shares similar propagation mech-
anisms as Luetticke (2021), Kekre and Lenel (2022) or Melcangi and Sterk (2025), highlighting the role of
investment in heterogeneous agent economies.



a Keynesian growth framework with nominal rigidities.® Our contribution is to enrich
the Keynesian growth framework with household heterogeneity and incomplete mar-
kets and, therefore, to provide a comprehensive framework to evaluate the efficacy of
tax-financed stimulus programs.

Third, by analyzing the efficacy of tax-financed stimulus programs in a heteroge-
neous agent incomplete markets framework with nominal rigidities, our paper relates to
alarge literature that identifies key determinants of fiscal multipliers; see, among others,
Oh and Reis (2012), Hagedorn et al. (2019), Bilbiie et al. (2024), Auclert et al. (2024), and
Ferriere and Navarro (2025). Most closely related to our work is Ferriere and Navarro
(2025), who show that U.S. fiscal multipliers are larger when fiscal expansions are fi-
nanced with higher tax progressivity. Our paper confirms this amplification mechanism
of fiscal expansions in the short-run, but points toward an ambivalent role in the long-
run, depending on the joint design of systematic monetary policy and tax incidence. Key
to this finding is the negative relationship between personal and corporate income taxes
and innovative activity of entrepreneurs. This mechanism is rooted in the seminal em-
pirical work of Akcigit et al. (2016), Moretti and Wilson (2017) and Akcigit et al. (2022) and
central to many studies analyzing the effects of top tax changes on entrepreneurial ac-
tivity, innovation, and inequality; see, for instance, Jaimovich and Rebelo (2017), Aghion
et al. (2019) or Jones (2022). Importantly, because these papers abstract from nominal
rigidities, they miss the feedback loop through which aggregate demand expansions
raise pre-tax returns to innovation. As a result, they may overstate the negative effects
of transitory progressive redistribution on long-run technology growth.

Fourth, the HANK-G framework is consistent with a growing empirical literature
that documents how discretionary stabilization polices have long-lasting effects on eco-
nomic activity.* Relying on structural vector autoregressions and local projections, Ilzet-
zki (2024) and Antolin-Diaz and Surico (2025) show that expansions in government
spending have positive and long-lasting effects on output, R&D expenditures, and total
factor productivity. Cloyne et al. (2025) obtain similar effects for corporate tax cuts.> Our
results instead point toward a state-dependent role for the short- and long-run effects
of government spending shocks with respect to the joint design of systematic monetary
policy and tax incidence.

Paper Outline. The paper proceeds as follows. Section 2 develops the analytical
HANK-G framework. Section 3 characterizes the three regimes governing the short- and
long-run effects of fiscal stimulus programs. Section 4 builds a quantitative extension
to the baseline model, calibrates it to the U.S. economy, determines the quantitatively
dominant regime, and derives the welfare-maximizing tax-incidence. Section 5 con-
cludes. Analytical derivations, computational details, and additional results are reported
in the Online Appendix.

3Bianchi et al. (2019), Queralto (2020, 2022), and Fornaro and Wolf (2023) are further related papers.

4This strand is motivated and complemented by a vast literature arguing that recessions permanently de-
press the level of output, i.e., generate hysteresis or scarring; see, among others, Fatds (2000) and Blanchard
etal. (2015). Fatas and Summers (2018) and Cerra et al. (2023) provide a detailed overview.

SRelated, Moran and Queralto (2018) and Jord4 et al. (2024) study the long-run effects of expansionary
monetary policy shocks and arrive at a similar conclusion.
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2. An Analytical Heterogeneous Agent New Keynesian Growth Economy

We begin with the analytical framework. Our objective is to make transparent the core
mechanisms behind the short- and long-run propagation of fiscal expansions. In the
HANK-G economy, growth emerges endogenously from innovative investment; nomi-
nal rigidities generate demand-driven fluctuations in economic activity; and household
heterogeneity shapes aggregate consumption and entrepreneurial innovation. Our cen-
tral policy focus, the tax incidence of fiscal expansions, provides insurance against in-
come risk while shaping consumption and innovation incentives.

We present the unified framework in Section 2.1, its balanced growth path in Sec-
tion 2.2, consumption and income inequality across households in Section 2.3, and the
four-equation representation that characterizes the model dynamics in Section 2.4. We
then derive conditions for local determinacy in Section 2.5 before turning to the paper’s
main theoretical result in Section 3: the three regimes governing the short- and long-run
effects of fiscal stimulus programs.

2.1 Environment

Time is discrete and indexed by ¢ € {1,2,...}. The economy is populated by infinitely
lived heterogeneous households, final and intermediate good firms, a government, and
a monetary authority.

2.1.1 Households At each period ¢, there is a unit mass of households, indexed by i €
[0,1]. Each household derives utility from consumption C} and disutility from labor L,
with preferences represented by the following time-separable utility function:

(L)'

UCE, L) =1log(C}) —
(t7 t) Og(t) Vl—i—go

where v > 0 governs the disutility of labor and 1/¢ is the Frisch labor supply elasticity.
Households discount future periods at a constant rate 5 € (0,1). They supply differen-
tiated labor services Li(l), where [ € [0,1] indexes their labor type. While households
share identical preferences, they differ in their asset market participation. In partic-
ular, households face idiosyncratic shocks that move them between two states: saver
(S), and hand-to-mouth (H). Savers hold a portfolio comprising liquid bonds, equity
in intermediate-good firms, and illiquid capital from entrepreneurial innovative invest-
ment. Because savers own and invest in innovative private businesses, we refer to them
as entrepreneurs. By contrast, the remaining households do not participate in illiquid
asset markets and rely solely on liquid bonds to buffer income risk. Anticipating the
equilibrium solution, their borrowing constraint will bind in each period, implying that
they behave as hand-to-mouth consumers. Transitions between states follow a Markov
process, with transition probabilities P(S¢y1|S:) = s and P(H¢y1|H¢) = h. In the station-
ary equilibrium, the mass of hand-to-mouth households is given by A = Qi,%

At the start of period ¢, each group — entrepreneurs (S) and hand-to-mouth (H) -
pools its members’ resources, providing full intra-group insurance against idiosyncratic

shocks. Households then observe the aggregate shock and choose to consume and save.
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At the end of period ¢, they learn their asset market status for period ¢ + 1 and pool liq-
uid bond holdings exclusively within their new peer group. Let B;?H (respectively, Bﬁrﬂ
denote the aggregate real bond holdings carried into period ¢ + 1 by entrepreneurs (re-
spectively, hand-to-mouth households). By construction, Bf_H collects the liquid assets
of two groups: entrepreneurs who stayin Sin ¢+ 1, amass (1 — A)s, and households who
move from H in¢to Sint+ 1, amass A(1 — h):

Bl = (1= Nsbyq +AN1—h)bf ;. ¢))

Similarly, BZ, collects the liquid assets of households who remain in the hand-to-
mouth state in ¢ + 1, a mass of A\h, and those who move from Sintto Hin¢-+1, a
mass of (1 — \)(1 —s):

BE L = MrbF 4+ (101 - s)by - )

Innovative capital is illiquid and cannot be transferred across household types. En-
trepreneurs invest an amount I;7(j) in each intermediate firm j — firms that are oth-
erwise identical both ex ante and ex post — and these investments upgrade the stock of
innovative capital, i.e., the quality of intermediate goods, according to the law of motion

AP () = A7) +0IP(j), with Ag(j) >0, 3)

where ¢ > 0 governs how efficiently innovative investment translates into improve-
ments in quality.® Since innovation is carried out only by entrepreneurs, aggregate qual-
ity and investment in firm j simply scale with their population share, so that A;(j) =
(1= NAF(j) and I(j) = (1 = M) IF (j)-

Entrepreneurs Entrepreneurs enter period ¢ with per capita bond holdings of B} /(1 —
A), carried over from the previous period. These bonds yield a real gross return of
Ry_1 /7, where R;_; is the nominal interest rate and 7; = P,/P;_1 the gross inflation
rate. In addition, entrepreneurs hold innovative capital AY = [ A?(j)dj that earns a
real gross return R;, described below. Their capital income also includes equity hold-
ings w;/(1 — \) in intermediary firms, which pay dividends D; and can be resold at
price ¢;. Entrepreneurs pay a per capita lump-sum tax 7;° /(1 — \). They also supply
labor Lf at the real wage W;/P;. These income sources finance consumption C?, in-
vestment in innovative capital I, and financial asset accumulation in the form of
bonds berl and equity shares W29+1~ In particular, entrepreneurs choose an allocation

6This law of motion generates technology growth based on a linear investment function. For tractability,
we assume that investment is always positive, which is ensured under sufficiently small shocks (see Foot-
note 27 in the main text and, for a relaxation of this assumption, Section E of the Supplementary Appendix
of Fornaro and Wolf (2023)). In the extended model of Section 4, we adopt the canonical structure of the
entrepreneurial growth literature, featuring decreasing returns to innovation and non-rivalry.
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X5 ={CP b7 1, A7 1,17, w1 }i>0 to maximize expected lifetime utility, solving

A
VS(BZS,OJt ,At)_{‘H)l(ax}u(Ct ,Lt)+ﬂEt VS(B§+1,W§+17A29+1)+mVH(Btlj_l)
subject to
S S S S
S 7S 1S Wiyl Wt s, Bi-1 B; w; T
I b — = A D —
Ct+t+t+1+qtl_)\ +Rt t+ P 1_/\+(Qt+ t)l—)\ 1_)\7

biy1>0, and (1)-@),

where the value function accounts for the possibility that, in period ¢ + 1, an en-
trepreneur may become a hand-to-mouth household.”

Hand-to-mouth The problem faced by hand-to-mouth households mirrors that of en-
trepreneurs, except that they lack access to productive asset markets. Since they cannot
accumulate innovative capital or equity, their choices are limited to consumption C/
and liquid bond savings bfﬂ_l to maximize expected lifetime utility. In addition to labor
income and bond returns, they pay a per capita lump-sum tax 7/ /\. Their optimal plan,
xH ={CH b} +1 }+>0, satisfies the following Bellman equation:

1-A

VH(Bt )—{H/éax}u(ct aLt ) + BE; VH(BtF{H)JFTVS(B£§+17W£S+17A§+1)
subject to

H
ot v, = Wep  Bea BT

P, T A A
b, >0, and (1)—(2).

Finally, we solve for the financial market equilibrium by imposing Assumption 1,
which specifies the nature of risk-sharing and the asset allocation across households.

ASSUMPTION 1. (Al.a) thereis full insurance among households in the same state, but not
across states; (Al.b) stocks and innovative capital are illiquid and cannot be transferred
across states; (Al.c) liquid bond holdings are weakly positive, and the positivity constraint
of hand-to-mouth agents binds in each period; (Al.d) no bonds are traded in equilibrium.

(Al.a)-(Al.d) jointly ensure a tractable characterization of the asset market equilib-
rium. Assumptions (Al.a) and (A1.b) imply that all entrepreneurs (respectively, hand-
to-mouth households) make identical consumption and saving decisions. Assumption
(Al.c) enforces the strict hand-to-mouth constraint by ruling out capital market partic-
ipation for H households, while Assumption (Al.d) imposes a zero-liquidity limit (see,
e.g., Krusell et al. (2011)), eliminating buffer-stock savings for both household types.

"The value function V (B} +1) is scaled by A/(1 — X), reflecting that the relevant state variable — aggre-
gate bond holdings - is expressed in terms of total island-level resources. Accordingly, the relative transition
probability A/(1 — X\) maps state transitions into individual probabilities (s, 1 — s).
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2.1.2 Labor Market The labor market exhibits two salient features. First, nominal wage
rigidity implies that hours worked are demand-determined. This rigidity generates pro-
cyclical firm profits, a feature that proves central to generating pro-cyclical investment
in an endogenous growth model. Second, fluctuations in hours worked are heteroge-
neously distributed across households, implying that labor income inequality is cyclical.

Earnings Incidence Throughout, variables denoted in hat notation represent log-linear
deviations from their balanced growth path values. Assumption 2 governs the earnings
incidence across household types.

ASSUMPTION 2. On the balanced growth path, hours worked are equal across household
types, such that L = L° = L. Off the balanced growth path, however, hours may vary
disproportionately across types: LI = juL;, where ju € [0, ) and i > 1/\.

The earnings incidence parameter ;. controls the allocation of aggregate hours
worked across household types, that is, their respective exposure to business cycle
fluctuations.® Assumption 2 implies that hours worked by entrepreneurs follow ﬁf =
11:A/\“ L. When 1 = 1, changes in aggregate hours worked are distributed equally across
households. When ¢ = 0, hand-to-mouth households remain at steady-state labor sup-
ply, and the full adjustment falls on entrepreneurs. By contrast, when y = A=}, the full
adjustment falls on hand-to-mouth households. In addition, when p € (0,1), hand-to-
mouth households adjust hours underproportionally, while entrepreneurs adjust over-
proportionally; when x € (1,A~!), the opposite holds — hand-to-mouth households
bear the bulk of the adjustment, while entrepreneurs adjust only moderately. Finally, for
p € (A1, 1), hours worked by hand-to-mouth households rise overproportionally, while
entrepreneurs reduce hours worked in response to higher aggregate labor demand.’

Nominal Wage Rigidity Aggregate labor input L; is composed of a continuum of dif-
ferentiated labor varieties indexed by [ € [0, 1], which are bundled through a CES aggre-
gator with elasticity of substitution ¢,, > 1. Each labor variety is supplied by a union /
that sets the nominal wage (1) subject to quadratic adjustment costs a la Rotemberg
(1982). The union maximizes the utility of a quasi-representative household, which is
modeled as a composite of hand-to-mouth and entrepreneur types. The effective labor
input for each variety is L; (1) = AL (1) + (1 — \) L (1). Demand for labor variety [ is given

8Assumption 2 is a two-type counterpart to the general incidence function ~(i, L) used by Werning
(2015), Auclert and Rognlie (2020), Alves et al. (2020), and Patterson (2023). Individual labor income of the
form (Wi /Py) - Ly - (i, Lt) maps in our setup to = 1 4 ¢!, where ¢! is the elasticity of (i, L+) with
respect to aggregate labor L, in state H. Consistency requires 657 L =—\/(1- )\)]eﬁl’ 1,- Moreover, i ensures
that monetary tightening reduces aggregate demand (Bilbiie, 2008, Bilbiie and Straub, 2013).

9Empirically, labor market exposure at the extensive margin, such as cyclical unemployment risk, has
been documented in Storesletten et al. (2004), Guvenen et al. (2014), and Kramer (2022). Exposure at the
intensive margin, measured through worker betas, is explored in Guvenen et al. (2017). Both strands doc-
ument that low-income workers disproportionately bear hours adjustments to aggregate shocks, pointing
toward i > 1; for monetary policy shocks see, among others, Coglianese et al. (2025), Heathcote et al. (2010),
Coibion et al. (2017), Ampudia et al. (2018), or Holm et al. (2021).
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by L (1) = (W (1) /W)~ LE, where W, is the aggregate wage index consistent with cost
minimization, and L¢ is total labor demand by firms. Each union [ solves

e 37 i) o L1

WD} =5 I+
subject to

_ W) A e 0L W
Ce() + It (1) = P, Le(l) + Ry A (1) + D (1) — Ti(1) 2 \ g A Wer (1 1) A,

where adjustment costs scale with aggregate technology A; by a factor 6§ > 0, and wage
inflation is normalized to steady state technology growth, g“ > 1, ensuring that adjust-
ment costs are absent on the balanced growth path. In equilibrium, unions set identical
wages, such that Wy (1) = W; and L:(!) = L for all {.

2.1.3 Production The production sector consists of a representative final good firm
and a continuum of intermediate-goods producers indexed by j € [0, 1].

Final Good The final good Y, is produced under perfect competition by aggregating
differentiated intermediate inputs X;(j), each of quality A:(j), according to

Ve =L / A X () dj
J

where a € (0,1) denotes the share of intermediate inputs in production. The final good
is sold at the competitive price P;, while intermediate goods are purchased at variety-
specific prices P;(j). The final good firm chooses demand for labor L¢ and intermediate
inputs X{(4) to maximize profits, taking factor prices as given.

Intermediate Goods Intermediate goods are produced by identical firms, each oper-
ating as a monopolist. In each period ¢, firm j sets a price P;(j) to maximize nominal
profits ©}(j), taking as given the demand for its variety. Specifically, X;(j) is produced
by transforming units of the final good at a marginal cost P;. Firm j’s objective is:

max_ OF(j) = (P;(j) — P)X{(j) subjectto R _ a(LHT A () (X))
{P:()} A

The firm’s optimal pricing decision yields aP;(j) = P, where 1/a > 1 is the gross
markup over marginal cost. Substituting this pricing rule into the demand function
yields X;(j) = aTa Lt A¢(j). Aggregating across varieties, gross output is given by Y,& =
Q%LtAt, with 4; = fol A:(j)dj representing the average quality index. Real profits of
firm j are ©+(j) = ©4 Lt At (j), where 0, = a1 (1— a)a% . Finally, returns to innovation
are defined as the ratio of profits to quality, R{'(j) = 04(j)/A+(j) = On L = R}, which is
identical across firms and linear in aggregate labor.
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2.1.4 Government The government balances a period-by-period budget constraint by
financing its spending S& through lump-sum taxes levied on both household types. The
allocation of the tax burden is governed by the following fiscal rule:

TtH:—Tt +TpStG, and TtS:Tt+(17Tp)S7fG7

where 7, € [0,1] captures the tax incidence across household types. Lower values of 7,
indicate a greater share of the tax burden borne by entrepreneurs.

To simplify the exposition, we begin with a pure redistribution shock from en-
trepreneurs to hand-to-mouth households, anticipating that it captures qualitatively
the same key trade-offs as a progressively financed fiscal expansion. The intuition
is straightforward: both hand-to-mouth households and the government feature a
marginal propensity to consume equal to unity. As a result, redistribution from en-
trepreneurs to hand-to-mouth households closely replicates the aggregate effects of a
progressively financed fiscal expansion (i.e., 7, = 0).!° Formally, the government’s bud-
get constraint is balanced in every period when:

TH =-T7=-T,, with T,=TAwe™ and T>0,

where 7; is an exogenous, non-distortive shock that reallocates net transfers between
households. The fiscal shock follows an AR(1) process, 7 = p7:_1 + €, with persistence
p €10,1) and i.i.d. innovations ;. A positive realization, 7; > 0, represents progressive
redistribution from entrepreneurs to hand-to-mouth households.

2.1.5 Monetary Authority We assume that the monetary authority sets the nominal in-
terest rate following a pro-cyclical real interest rate rule of the form

b
1] (Ye A\ .
Ry = REt[ = }(Y/A> . with ¢, >0,

where Y; /A; denotes stationary net output, as defined below. The parameter ¢, > 0 cap-
tures the degree of systematic monetary policy: higher values represent a more “hawk-
ish” policy stance, with stronger real interest rate responses to output fluctuations. In
the limit, ¢,, — oo corresponds to perfect output stabilization.!!

2.1.6 Market Clearing Aggregate labor and consumption are given by L; = AL +
(1 - /\)LS and C; = A\Cf + (1 — \)C}, respectively. Aggregate investment is defined
as I; = f I7(j)dj, and total intermediate output is X; = f X¢(j)dj. Real div-
idends, Wthh equal net profits in the final-good sector, are zero in all periods, i.e.,

10WWe analyze tax-financed fiscal expansions in detail in Section 3.

HThe real interest rate rule is used, among others, in Fornaro and Wolf (2023), Angeletos et al. (2024,
2026), Auclert et al. (2025) or Collard et al. (2025); additionally, Woodford (2011), Bilbiie (2020) and Debortoli
and Gali (2024a,b) study the limiting case ¢, — 0. More recently, Gali (2026) argues that such a rule might
be a better indicator of the monetary policy stance and a more useful tool for modeling and assessing U.S.
monetary policy. Analytically, the real interest rate rule allows us to cleanly isolate how fiscal policies shape
aggregate outcomes in the short- and long-run. We relax this assumption and discuss the role of more
standard feedback rules in Section 4; the economic essence is identical.
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Dy =Y. — (W;/P;) L — (1/a) X = 0. Equity market clearing implies that the entire own-
ership of firms is held by entrepreneurs, i.e., w; = W£g+1 = 1. Aggregate quality growth is
governed by the law of motion:

A I
A t+1 t
Jt41 = A, —1+1/)'Tt~

Using the household budget constraints and the equilibrium condition from the labor
union’s problem, the aggregate resource constraint can be written as

0 (v 2
Y; = Ii+- (-t — A
t Ct+ t+2(gA ) t

2a

where net output is defined as Y; = Y,¥ — X; = Y, Ly Ay, with Y, = (1 — o?)aT-a.

2.2 Balanced Growth Path

A stationary balanced growth path (BGP) consists of a sequence of trending variables
and prices {C;,C7,CH, Wy, Dy, TH T2, Y;,YC, Xy, I} that are normalized by the level
of endogenous technology A;. Subsequently, we denote stationary variables in small
letters and impose without loss of generality = = 1. We focus on a BGP with positive
household consumption and technology growth.

RESULT 1. The economy admits a unique BGP with strictly positive individual consump-
tion (cf,c%) € R and technology growth g* > 1 if L > L* and T < T*, where

-1
_p -1 T “—A)@a<1+a1—5>L+1—5,

L*
YOq a 1-X P

Result 1 shows that the BGP features strictly positive technology growth, i.e., gA >1,
whenever hours worked are high enough. In this case, intermediate firms operate in a
sufficiently large market, raising profits and stimulating innovative investment. The tax
bound ensures positive consumption for entrepreneurs. To solve for the approximate
equilibrium dynamics, we log-linearize the economy around its BGP.

2.3 Inequality Along the Balanced Growth Path

On the BGP inequality reflects differences in financial market access and income
sources. Off the BGP inequality is instead shaped by heterogeneous earnings exposure
to business-cycle fluctuations and fiscal redistribution.

2.3.1 BGP Inequality Consumption and income inequalities are measured by the re-
spective S-to-H ratios of consumption and income, i.e., I'. = ¢%/cf and T, = y*/y*.
When the aggregate consumption share . = ¢/y is below one, income inequality ex-
ceeds consumption inequality, since T'y =Tz /7. + A(1 —7¢)/[(1 — A)7¢].'? For clarity, we

12This observation holds generically in a large class of heterogeneous agent models featuring non-
homothetic saving behavior; see, for instance, Straub (2019) or Gaillard et al. (2023).
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normalize I'. = 1 in the main text, which can be implemented through a transfer 7%
from entrepreneurs to hand-to-mouth households, where 0 < T < 7*.13

2.3.2 Cyclical Income Inequality Income inequality fluctuates over the business cycle
because households are exposed to labor-market risk and fiscal redistribution. To make
this link transparent, fluctuations in hand-to-mouth consumption can be written as:

_ OuL
"~ OuL+ (a/NTE

el =9 =nuge + (1 —m)7, with €(0,1).

The first term, pg;, captures income exposure to the labor market; the second term, 7,
captures redistribution through fiscal transfers. The relative weight between both in-
come sources depends on the steady-state earnings-to-income ratio n, which falls with
higher steady-state transfers 77. A higher n amplifies the sensitivity of hand-to-mouth
consumption to aggregate income while it simultaneously dampens the sensitivity to
fiscal transfers. Using the former expression, cyclical income inequality between en-
trepreneurs and hand-to-mouth households is:

S . Ly N . .
zﬁ—ﬂﬁ—l_Ayscl—xwrﬁl—mn>7\mm X =g
Notably, x captures how the labor market endogenously redistributes income over the
cycle: endogenous redistribution is acyclical when y = 1, countercyclical when y > 1,
and procyclical when x < 1. Progressive fiscal redistribution, by contrast, mechanically

reduces income inequality. As such, income inequality fluctuates over the cycle unless
labor-market redistribution and fiscal redistribution exactly offset each other.

2.4 A Four-Equation HANK-G Representation

We now derive a log-linear four-equation representation of the HANK-G economy and
show how household heterogeneity and fiscal redistribution shape its dynamics. It
builds on (i) an aggregate demand (IS) equation, (ii) an endogenous growth (EG) equa-
tion, (iii) a sticky wage Phillips curve, and (iv) a monetary policy rule.

2.4.1 Aggregate IS Equation

PROPOSITION 1. The aggregate IS equation is given by

G = CrBe[eaa] = G (i = Ee o)) + Goiatha — G [98ka] + Gt = GrBe ] (BD)

@ transitory income (2) real interest rate (@ permanent income @ fiscal redistribution

where the auxiliary parameters are defined as

Yex — 1

T=Mex "

=14+ (1—s = ,
Cr (I—s) T dox

13This normalization isolates the role of heterogeneous income exposure from the propagation effects
arising from steady-state consumption inequality; it is inconsequential for our theoretical results.

13



(1= N Jy+ g/ (wy) gt 1

= ) e RV
X 1= Myex = ST dex
AYe 1—s
=) —de = (1 .
=R = (1215

The first two terms in equation (E.1) from Proposition 1 are standard. The transi-
tory income channel Q) captures the sensitivity of current demand with respect to fu-
ture income. Relative to a representative agent economy, income risk (s < 1) implies
that the IS equation features compounding ¢y > 1 (respectively, discounting ¢ < 1) if
endogenous income redistribution is sufficiently countercyclical, i.e., x > v, ! (respec-
tively, x < - 1). Intuitively, when x > 7. ! entrepreneurs take into account that their
consumption would become relatively more exposed to aggregate income fluctuations
if they were to transition to the hand-to-mouth state. This reduces their desire for pre-
cautionary savings and expands aggregate demand. The real interest rate channel ) re-
flects the elasticity of today’s demand with respect to real interest rate changes. A higher
degree of endogenous countercyclical income redistribution (y) raises the real interest
rate elasticity ¢,. This occurs because redistribution toward hand-to-mouth households
mechanically increases the economy-wide average MPC, thereby amplifying the general
equilibrium forces of real interest rate movements on aggregate demand.'* In general,
innovative investment (. < 1) attenuates both propagation channels because part of
aggregate income is absorbed by investment rather than consumption.

The next two terms are specific to this paper. They capture how endogenous growth
and fiscal redistribution feed back into aggregate demand. The permanent income chan-
nel 3 reflects how current demand responds to changes in both contemporaneous and
expected future permanent income. On the one hand, higher permanent income raises
entrepreneurs’ consumption. On the other hand, since consumption equals output net
of innovative investment, innovation diverts resources from entrepreneurs’ current and
future consumption. Taken together, this generates a positive feedback from g;“ﬂ, but
a negative feedback from E, [gﬁ2]. The net effect of these opposing forces is positive,
so higher permanent income stimulates current aggregate demand, i.e., (; — pCyr > 0
because p < 1 and s < 1. Finally, the fiscal redistribution channel @ describes the di-
rect effect of exogenous redistribution on current demand. Progressive fiscal redistribu-
tion raises the consumption of hand-to-mouth households, but reduces entrepreneurs’
contemporaneous and future consumption. Overall, the net effect is positive, and this
channel boosts aggregate demand, i.e., (; — p(,; > 0.

2.4.2 Endogenous Growth (EG) Equation Proposition 2 shows that innovative invest-
ment, and thus technology growth, responds to transitory income, permanent income,
and the direct effect of fiscal redistribution.

14There exist threshold values ( w1, ) with 1 < p <z such that: (a) the elasticity of aggregate demand w.r.t.
real interest rates (- is strictly positive iff < 7, and (b) the IS equation features compounding iff x> p,
and discounting iff 4 < p. The threshold values are given by u = 1/(nv.) and z = 1/(nAve).
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PROPOSITION 2. The endogenous growth equation is

G =&+ &y B[] + &Be [0fh] — & (i—Belhnl)),  (E2)

) transitory income  (6) permanent income (7) fiscal redistribution

where we used £ =1/ [g”(1 — M¢) +7e(A — 1)] > 0 to define the feedback coefficients:

|

& =8 (9" =11 = Mex) s

&y =E- (" = 1) [(1=Nrelo™ = B)/g™ = (1= M) |
£y =& (1-7)g”,

&= (1-nAelg? - 1).

|

Two forces drive these dynamics: a cost-of-funds effect and a market-size effect.

The cost-of-funds effect stems from the stochastic discount factor of entrepreneurs
and captures the idea that current technology growth moves inversely with their ex-
pected consumption growth. When their consumption decreases, the cost of invest-
ment—in terms of forgone consumption—rises. In this sense, redistribution away from
entrepreneurs raises their opportunity cost of investing: rather than financing new in-
novations, they prefer to smooth consumption.

The market-size effect, in contrast, affects technology growth through aggregate de-
mand. When future demand is expected to rise, firms anticipate higher sales and greater
discounted profits, which in turn stimulate innovative investment. Redistribution to-
ward hand-to-mouth households strengthens this channel because their high marginal
propensity to consume translates transfers directly into current demand.

Overall, the cost-of-funds and market-size effects together imply a positive feedback
from the transitory income channel  onto technology growth, i.e., £, + p¢,, > 0. This
sign follows from the parameter restriction x < 1/(\v.), which ensures that aggregate
demand responds positively to lower real interest rates. The permanent income chan-
nel ® captures the forward-looking nature of innovative investment. A higher E, [g;‘}m]
implies higher next period investment. Holding expected income fixed, this lowers en-
trepreneurs’ expected consumption, raises their expected marginal utility, and strength-
ens entrepreneurs’ incentive to smooth consumption by investing more today. Finally,
the direct effect of exogenous fiscal redistributive channel 7) acts purely on the cost
of funds effect as progressive fiscal redistribution reduces entrepreneurs’ consumption
and, therefore, technology growth.

2.4.3 Phillips Curve and Taylor Rule In this economy, price and wage inflation are
linked through 7#; = 7 — g;*. Using the unions’ optimal wage setting decision, Proposi-
tion 3 expresses the New Keynesian Phillips curve in terms of price inflation.

PROPOSITION 3. The forward-looking price Phillips curve is given by
L . N ~ A ~ A
7y = BEy [Wt—i-l] + KyYt + KgGiy1 — Gt (E.3)
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where ky = K Yo gA—T1’

An expansion in aggregate demand increases labor demand, prompting unions to
set higher wages, which translates into higher marginal costs and inflation, i.e., k, > 0.
Because 4. < 1, this channel becomes stronger than in a model without endogenous
growth, since part of the increase in income is spent on innovative investment. Second,
higher technology growth has an ambiguous effect on inflation, i.e., s E 0. On the one
hand, technology growth strengthens the forward-looking inflation dynamics through
B > 0. On the other hand, it expands the production frontier and reduces marginal costs
and inflation, as captured by x(1 — 7.)g?/[vc(g* — 1)] > 0. If the latter channel domi-
nates, the Phillips curve flattens or may even reverse its slope, implying that price infla-
tion responds little to aggregate shocks. Finally, the nominal interest rate is given by:

it =Bt [feg1] + byt - (E.4)

2.4.4 Discussion: HANK-G as Unified Framework The four-equation representation
unifies a number of existing frameworks. The model corresponds to (i) a two-agent (TA)
Keynesian growth economy with permanent heterogeneity if s = 1, and to a represen-
tative agent (RA) Keynesian growth economy (Benigno and Fornaro, 2018, Fornaro and
Wolf, 2023) if, in addition, A = 0, y = 1; (%) it collapses to an alternative tractable HANK
model (Bilbiie, 2025) if ) = 0 and gA = 1l in all periods, to a TANK model (Bilbiie, 2008) if,
in addition, s = 1; and (ii7) to a baseline RANK model (Gali, 2015) if )y =A=0,s =y = 1.
Absent nominal rigidities, one recovers real model variants: (iv) a flexible price HA
growth economy (Cozzi, 2018) if 6 = 0; (v) a RA growth economy (Aghion and Howitt,
1992) if 6 = A =0,s = x = 1; (vi) a tractable Aiyagari (1994) model if § = ) = 0; and (vii)
a standard RBC model if 8 = = A =0, s = x = 1. HANK-G therefore provides a unified
laboratory for studying the short- and long-run effects of fiscal policies while preserving
comparability to existing models.

2.5 Determinacy

Before analyzing the transmission of fiscal expansions, we establish conditions under
which the model admits a locally determinate equilibrium. This is more than a technical
prerequisite. As we show below, the boundaries of the determinacy region directly shape
the parameter space in which our three stabilization regimes can arise.

PROPOSITION 4. Suppose that(y > gf, withgf < 1.1 The model has a locally determinate
solution if and only if

oy > 0 =max {90, >0,

15This assumption is innocuous and made for expositional purposes only. We provide a complete state-
ment of the Proposition in Appendix B.4.
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where the auxiliary parameters are given by:

To understand the HANK-G "Taylor-principle", it is instructive to begin with simpler
benchmark models. Shutting down the heterogeneous agent and endogenous growth
elements, we recover a standard RANK model. In this environment, our pro-cyclical real
interest rate rule admits a locally determinate solutlon whenever ¢, > 0.1° Moving to a
tractable HANK model, determinacy requires ¢, > ( r—=1)/ ¢, where ¢ # = Cfly.=1 and
(r = Cr|ye=1. The condition ¢, > 0 is then sufficient for determinacy only when income
inequality is procyclical (x < 1), which yields a discounted DIS equation (5 ¢ <1). When
income inequality is instead countercyclical (y > 1), the DIS equation is compounded
¢ ¢ > 1) and requires a more aggressive monetary policy response for determinacy.

Since ¢, > ¢, holds under reasonable calibrations, we now focus on the components
of ¢,. Relatlve to HANK, the interaction with endogenous growth acts on four margins.
First, endogenous growth (7. < 1) reduces the degree of compounding ({ < ¢ 1), calling
for a less aggressive monetary policy. Second, it decreases the real interest rate elastic-
ity (¢, < ¢,), requiring a more (respectively, less) aggressive monetary policy if ¢ r>1
(respectively, (¢ < 1). Beyond these two forces, a pure market-size effect calls for a more
aggressive monetary policy as (¢** — 3)/ > 0. Finally, a complementarity arises between
idiosyncratic income risk (s < 1) and the market-size effect ((¢* — 8)/3 > 0) that requires
an even more aggressive monetary policy. Overall, a discounted Euler equation is not
sufficient to guarantee determinacy under ¢, > 0 if the complementarity between the
market-size effect and income risk is sufficiently strong.

3. On the Ambiguous Effects of Fiscal Stimulus Programs

We now use the HANK-G framework to analyze the transmission of fiscal expansions
in both the short and long run. Our analysis proceeds in two steps. First, to isolate the
central mechanisms, we consider a temporary increase in transfers from entrepreneurs
to hand-to-mouth households, which mimics a progressively financed government
spending shock. To anchor our results, we compare the effects across three bench-
mark economies, each obtained by shutting down one or two key building blocks of
the HANK-G framework: a heterogeneous agent economy with exogenous growth and
no nominal rigidities (HA), a heterogeneous agent New Keynesian economy with exoge-
nous growth (HANK), and a heterogeneous agent economy with endogenous growth
and no nominal rigidities (HA-G). This comparison reveals how the interaction between
nominal rigidities and endogenous growth is key to understanding the potentially am-
biguous short- and long-run effects of fiscal expansions. In a second step, we then show

16This condition mirrors the Taylor principle, ¢ > 1, for a standard inflation feedback rule.

17



how these insights generalize to a government spending shock financed through het-
erogeneous tax incidence across households.

Throughout this section, the output response is written as y; = M,7;, while the re-
sponse of technology growth is given by gg“H = Mg7¢. The coefficients M, and M,
denote the corresponding impact multipliers, defined by the solution to the system of
equations (E.1)-(E.4).

3.1 Three Benchmark Heterogeneous Agent Economies

Proposition 5 characterizes how an exogenous progressive redistribution shock affects
aggregate outcomes.

PROPOSITION 5. A transitory exogenous redistribution from entrepreneurs to hand-to-
mouth agents, i.e., 7+ > 0, affects output and technology growth as follows.

(@) HA: 0 =+ = 0. In an exogenous growth model with flexible wages, progressive re-
distribution has no effect on output, i.e., M, = 0.

(b) HANK: ¢ = 0. In an exogenous growth model with sticky wages, progressive redis-
tribution is expansionary, i.e., My > 0.

(c) HA-G: 0 = 0. In an endogenous growth model with flexible wages, progressive re-
distribution is contractionary in short and long run, i.e., sgn(M,) = sgn(M,) < 0.

In a heterogeneous agent exogenous growth economy with flexible wages, fiscal re-
distribution has no impact on output, as the latter is purely supply determined. Specif-
ically, progressive redistribution lowers the labor supply of hand-to-mouth households,
whereas it increases the labor supply of entrepreneurs by the same amount. As both
effects exactly offset each other and labor is the only input, statement (a) follows.

Nominal rigidities in the form of sticky wages render progressive redistribution
expansionary. Intuitively, progressive redistribution from entrepreneurs to hand-to-
mouth households raises aggregate demand and, hence, short-run output. This occurs
because progressive redistribution increases the income share of high-MPC households,
leading to a powerful Keynesian cross as indirect demand effects gain in importance.

In heterogeneous agent endogenous growth economy with flexible wages, pro-
gressive redistribution contracts short-run output and long-run technology growth. In
this model class, progressive redistribution reduces technology growth and, thus, the
long-run production frontier through a negative cost-of-funds effect. Intuitively, en-
trepreneurs smooth consumption by reducing innovative investment, which lowers per-
manent income and further depresses current aggregate demand.

3.2 Progressive Redistribution According to HANK-G

PROPOSITION 6. Let us define ® > 0. A transitory redistribution from entrepreneurs to
hand-to-mouth agents, i.e., 7+ > 0, affects output and technology growth as follows:

My =0 [CT - pCrr — (Cg - pgg/)AT] y Mg =0 [(CT - p(T/)Ay - (1 + ¢y<r - pCf)A‘r} ,
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where Ay = (& + p&yr) /(1 —p€gr) >0 and Ay = (1 —p)&- /(1 — p€yr) > 0.

(@) Ifp=0ors=1, progressive redistribution has no effect on output, i.e., M, =0, but
reduces technological growth, i.e., M, < 0.

(b) Ifp>0and s < 1, progressive redistribution increases output, i.e., M, > 0, but has
an ambiguous effect on technological growth, i.e., M, 3 0if

1—s|1l—p
PN

+ptt] = (1= )6, — pt) 20, @

C

where we have defined .4 = (g% — () /g?.

Proposition 6 characterizes the impact multipliers of output and technology growth
to a progressive redistribution shock. Two channels are at play: a consumption channel
that stimulates output ¢, — p(,, and technology growth ({; — p(;/)Ay; and an investment
channel that contracts output (¢; — p{,/)A- and technology growth (1 + ¢, ¢ — pCr)A.
Before we explain the intuition behind Proposition 6, let us define the liquidity premium
as the difference between the returns on illiquid innovative investment and liquid bond
holdings, i.e., A, = RA | — 7 = (1 — s)E; [¢7,; — ¢ |]. Depending on its cyclicality,
two cases emerge.

We begin with case (), in which redistribution is either transitory (p = 0) or house-
hold types are permanent (s = 1), eliminating income risk as in a standard TANK
model. In this case, progressive redistribution has no effect on output (M, = 0), but
contracts technology growth (M, < 0). Intuitively, progressive redistribution raises
the consumption of hand-to-mouth households one-to-one and, thus, stimulates ag-
gregate consumption. However, progressive redistribution simultaneously decreases
entrepreneurs’ consumption and innovative investment. As the liquidity premium is
acyclical if p =0 or s = 1, their consumption and investment falls one-to-one with their
income loss. Because aggregate output is the sum of private consumption and invest-
ment, it must necessarily remain unchanged. In other words, household heterogeneity
is necessary but not sufficient to generate short-run effects on output.

Consider now the key case (b) in which redistribution is persistent (p > 0) and house-
holds face income risk (s < 1). In this scenario, progressive redistribution reduces, ce-
teris paribus, consumption inequality and, hence, weakens entrepreneurs precaution-
ary saving motives. Therefore, illiquid innovative investment becomes relatively more
attractive to entrepreneurs who increase their holdings relative to an environment with-
out precautionary saving motives, generating a fall in the liquidity premium. As a result,
innovative investment of entrepreneurs falls less than one to one with their income loss
such that the countercyclical liquidity premium stabilizes innovative investment.'” This
leads to an overall increase in output (M, > 0).

17Luetticke (2021) and Kekre and Lenel (2022) document empirically a counter-cyclical liquidity pre-
mium, computed as the return on a broad measure of physical capital relative to the federal funds rate, in
response to monetary shocks.
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Whether innovative investment increases (M, > 0) or decreases (M, < 0) is gov-
erned by the condition in equation (4) and depends on (i) the persistence of fiscal redis-
tribution (p), and (ii) the aggressiveness of systematic monetary policy ((;Sy).18 Innova-
tive investment raises (respectively, falls) if progressive redistribution is sufficiently per-
sistent (respectively, sufficiently transitory) and monetary policy is sufficiently accom-
modative (respectively, sufficiently aggressive). Intuitively, more persistent progressive
redistribution generates a more persistent fall in the liquidity premium. This makes it
more likely that the expansion in consumption of hand-to-mouth households crowds
in innovative investment despite redistributing resources away from entrepreneurs. On
the contrary, the more aggressively the central bank raises real interest rates, the more it
weakens demand effects, making innovative investment more likely to fall.'"

3.3 Generalization: Government Spending Shock and Unequal Tax Incidence

We now show how the preceding insights on the potentially opposing responses of out-
put and technology growth extend to a fiscal expansion financed through heterogeneous
tax incidence. To recapitulate the modified environment, government spending is de-
noted by s& = S& /A, with a zero spending share along the balanced growth path (i.e.,
s =0). It follows an AR(1) process, 3 = ps{ | + €&, where 57 = (s — s¢) /y and p now
denotes the persistence of government spending. Importantly, the government levies
taxes on both household types so that the budget is balanced in every period. The allo-

cation of the tax burden is governed by the following fiscal rule:
TH=-TFA +7,5¢, and T7=TFA;+(1-1,)87,

where 7, € [0, 1] captures the tax incidence across household types.?® The value of 7, de-
termines the nature of the financing scheme, distinguishing three cases. When \ = 7,
both household types contribute proportionally to the financing of the spending shock.
When 7, < A, entrepreneurs finance the majority of the fiscal expansion, correspond-
ing to a progressive financing scheme. Finally, when 7, > ), hand-to-mouth households
bear most of the tax burden, implying a regressive scheme.

PROPOSITION 7. A government spending shock affects aggregate outcomes as follows:

(@) Ifp=0ors=1, government spending has no effect on output, i.e., M, =0, but has
a weakly negative effect on technological growth, i.e., My, <0 ift, <1.

181f s — 1, equation (4) reduces to —(1 — p)(¢y — p.#) < 0, since determinacy requires ¢, > .# in this
case. As a result, we recover case (a) of Proposition 6, i.e., the case of permanent household heterogeneity.

19The condition in equation (4) can be rewritten in terms of two policy cutoffs, p E p*(¢y) € (0,1) and
oy § #5(p), that we spell out in closed form in Online Appendix B.5.2. Mathematically, both thresholds
increase in the other policy parameter, i.e., 9p* /0¢y > 0 and 9¢},/dp > 0.

20The restriction 7, € [0, 1] implies that both household types contribute, at least weakly, to the financ-
ing of government spending. We study the more general scenario 7, € R in Online Appendix C. This case
combines budget-balanced financing with additional redistribution: if 7, < 0 or 7, > 1, hand-to-mouth
households or entrepreneurs receive a transfer from the counter-party household type that "over-finances"
the government spending shock.
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(b) If p> 0 and s < 1, the output multiplier has an ambiguous sign, i.e., M, ; 0 if
Tp § 7p € (0,1). The sign of technology growth is characterized by three cases:

(b.1) For ¢, > ¢Z, one obtains Mg, < 0.
(b.2) For¢, = by, one obtains My =0 if 7, =0 and My <0 if 7, € (0,1].
(b.3) For0< ¢y, < ¢Z’ one obtains M, z 0 ifmp § T whereT; <Tp <A

Closed form expressions for My, Mg, ¢}, 7p, and 7, are provided in Appendix B.62!

Statement (a) extends the result of Proposition 6. In the absence of a cyclical lig-
uidity premium, aggregate consumption and investment responses offset each other,
leaving output unchanged regardless of tax incidence. In contrast to the earlier case,
the response of technology growth now depends on the allocation of the tax burden
across households. If 7, = 1, government spending is entirely financed by hand-to-
mouth households, and entrepreneurs’ innovative investment remains unchanged. In
this case, government spending crowds out private consumption of hand-to-mouth
households one-for-one. If 0 < 7, < 1, both household types contribute to financing the
spending shock, leading to a decline in both private consumption and innovative in-
vestment across households. Finally, if 7, = 0, entrepreneurs fully finance the fiscal ex-
pansion. In this case, consumption of hand-to-mouth households remains unchanged,
while government spending crowds out entrepreneurs’ consumption and innovative in-
vestment one-for-one. As a consequence, innovative investment cannot increase in a
TANK economy for any 7, € [0, 1].

Statement (b) considers a persistent fiscal expansion (p > 0) in the presence of in-
come risk (s < 1). In this environment, the responses of output and technology growth
are generally ambiguous. Figure 1 illustrates three distinct regimes that depend on the
joint design of systematic monetary policy and tax incidence across household types.

As before, the cyclical liquidity premium allows output to depart from the zero mul-
tiplier benchmark. Whether output rises or falls depends on tax incidence. When the
financing scheme is sufficiently progressive and hand-to-mouth households bear a suf-
ficiently low tax burden (7, < 7, < A), the logic of Proposition 6 carries over: the fall in
consumption inequality between entrepreneurs and hand-to-mouth households weak-
ens precautionary saving motives, the countercyclical liquidity premium induces inno-
vative investment to decline by less than entrepreneurs’ income loss, and output rises.
When the financing scheme is instead insufficiently progressive and hand-to-mouth
households bear a sufficiently high tax burden (7, > 7,,), precautionary saving motives
are strengthened, entrepreneurs reduce their innovative investment, the liquidity pre-
mium rises, and output falls.

Regarding the sign of the innovative investment response, three sub-cases emerge.
In the first sub-case, monetary policy is sufficiently aggressive (¢, > ¢;) so that inno-
vative investment will unambiguously fall. This is because the aggregate demand ex-
pansion is too weak to crowd in investment. In the second sub-case, monetary policy

21The impact multipliers to a government spending shock have an isomorphic analytical form as the
ones to a pure fiscal redistribution shock, see Proposition 6 or the corresponding proof in Online Appendix.
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FIGURE 1. Stabilization Regimes and Monetary-Fiscal Policy Design (p >0 and s < 1)
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is neither too aggressive nor too accommodative (¢, = ¢;). This implies that innovative
investment remains constant only in the knife-edge case where the entire tax burden
falls on entrepreneurs. In this case, the aggregate demand expansion from government
spending and hand-to-mouth consumption exactly offsets the disincentives to inno-
vate from higher taxes, leaving aggregate innovative investment unchanged. As soon
as hand-to-mouth households contribute to financing the fiscal expansion, demand
effects weaken and innovative investment falls. Finally, in the third sub-case, mone-
tary policy is sufficiently accommodative (0 < ¢, < ¢;) and the sign of the technology
growth response depends on tax incidence: when financing is sufficiently progressive
(tp <7, < 7p), the aggregate demand expansion is strong enough to crowd in innovative
investment.

In summary, a tax-financed fiscal expansion gives rise to three distinct stabilization
regimes shown on Figure 1. In the first regime, the beige region, a sufficiently progres-
sive financing scheme combined with a dovish systematic monetary policy increases
both output and technology growth. In the second regime, the gray region, either a less
progressive financing scheme or a more hawkish monetary stance leads to an expansion
in output that is accompanied by a decline in technology growth. In the third regime, the
blue region, insufficient progressivity in the financing scheme results in a simultaneous
contraction in output and technology growth, irrespective of the conduct of systematic
monetary policy.

3.3.1 Short- vs. Long-Run Stabilization Trade-Off Propositions 6 and 7 show that the
multipliers on short-run output and technology growth might have opposite signs. Be-
cause any transitory change in technology growth has a permanent effect on the level
of output, a short- versus long-run stabilization trade-off occurs in this scenario. In the
case of a short-run output expansion (M, > 0) this implies that there exists a time hori-
zon z* > 0 such that InY; 4. > InY,Y  for 2 < 2* and InY; 1. <InY[  for z > 2*, where
InY;; , denotes the logarithm of output in the laissez-faire economy without fiscal inter-
vention at period ¢ + z.
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COROLLARY 1. Let us define the ceiling function by [-]. The time horizon characterizing
the short- versus long-run stabilization trade-off is analytically given by:

In <1 —(1- p)/\/\jlly>
g
Inp '

*

2*=[%2], where :i=-

It can be seen that the tipping point z* decreases in M, /M. The underlying mech-
anism is straightforward: the larger the decline in technological growth relative to the
contemporaneous expansion in output, the sooner a progressively financed stimulus
induces a reduction in the long-run level of output.

3.3.2 Output Maximizing Tax Incidence To close this section, we characterize the tax
incidence, 7,/%(z), that delivers the largest output response at horizon ¢ + z following a
government spending shock in period ¢.

PROPOSITION 8. The output maximizing tax incidence 7,/'"**(z) is given by:
(@ Ifp=0ors=1,oneobtains7)"(0) € [0,1] and 7" (z) = 1Yz > 1.
(b) Ifp>0ands < 1, two cases emerge depending on the threshold $y > ¢y
(b.1) IfO< ¢y < ay, one obtains 7" (z) =0Vz > 0.

(b.2) If ¢, > ay, one obtains T;”“X(O) = 0. Moreover, there exists z > 0 such that
T (2) =0z < 2, 7" (2) € [0,1] for z = Z and 7}/""(2) = 1Vz > Z.

Statement (a) of Proposition 8 is a direct implication of statement (a) of Proposition
7. As the impact output multiplier is zero, any tax incidence 7, € [0, 1] maximizes the
level of output on impact. However, as the level of output for any future period is deter-
mined by technology growth, it follows that the output-maximizing tax incidence must
place the entire tax burden on hand-to-mouth households. The absence of precaution-
ary saving motives or a fully transitory spending shock therefore calls for a regressive
financing scheme of fiscal expansions.

Statement (b) characterizes the output-maximizing tax incidence for a persistent
spending shock in the presence of precautionary saving motives, where the signs of the
output and technology growth responses depend on the monetary-fiscal interaction.
Two sub-cases emerge. The first sub-case (b.1) calls for progressive financing. Specifi-
cally, when monetary policy is sufficiently accommodative (¢, < Ey), both the output
and the technology growth multiplier are strictly decreasing in 7,,. Consequently, a tax
incidence that places the entire tax burden on entrepreneurs maximizes the level of out-
put at any time horizon following the government spending shock. The second sub-case
(b.2) underscores the tension between a progressive and a regressive tax incidence. In
this case, the output multiplier continues to decrease in 7,, whereas the technology
growth multiplier increases in 7,. As a result, a progressive tax incidence maximizes
short-run output gains, whereas a regressive tax incidence maximizes long-run output
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gains. Between these two forces, there exists a time horizon z = Z at which they exactly
offset each other, so any tax incidence maximizes the level of output.

Taking stock, our analysis provides new analytical insights into the tension between
progressively and regressively financed fiscal expansions. We highlight that the resolu-
tion of this trade-off hinges on four main propagation channels: the persistence of the
fiscal expansion, idiosyncratic income risk, tax incidence, and systematic monetary pol-
icy. Whenever the fiscal expansion is persistent and households face income risk, output
can increase in the short- and long-run if monetary policy is sufficiently accommodative
and the bulk of the tax burden falls on entrepreneurs. The combination of these forces
generates a powerful stabilization regime.

3.3.3 Back-of-the-Envelope Calculation To assess how likely each of the three regimes
is, we now complement the analytical characterization with a simple back-of-the-
envelope calculation.

The model period is one quarter. We set 5 = 0.995, implying an annual interest rate
of 4%. The share of hand-to-mouth households is A\ = 0.35, the probability of remain-
ing an entrepreneur is s = 0.96, and the degree of countercyclical earnings inequality is
x = 1.50, consistent with the parameterization in Bilbiie (2020) and the matching multi-
plier estimates in Patterson (2023).?> We calibrate transfers from entrepreneurs to hand-
to-mouth households, T, such that balanced-growth-path consumption inequality is
absent, i.e., I'; = 1. We set « to generate a R&D expenditure-to-GDP ratio equal to 3%,
which provides a conservative lower bound for total innovative investment. This target
implies a value of v, = 0.97, such that income inequality along the balanced-growth-
path exceeds consumption inequality by five percentage points, i.e., I', = 1.05. The ef-
ficacy of innovative investment (¢) is chosen to target a quarterly steady-state growth
rate of 0.50 percentage points, corresponding to g** = 1.005. In addition, we set labor
dis-utility (v) to normalize hours worked to L = 1. As our benchmark policy experiment
we consider a 1% increase in government spending with persistence p = 0.90 and pro-
gressive tax incidence 7, = 0.00. This assumption is in line with Ferriere and Navarro
(2025), who show that the average tax rate of the bottom 50% of the income distribution,
as opposed to the top 50%, varies little following a typical government spending shock
in the U.S. economy. Systematic monetary policy is parameterized as ¢, = 0.075, consis-
tent with the moderate real interest rate response to government spending shocks doc-
umented empirically; see, for example, Wolf (2023), Hack et al. (2026) and Gali (2026).

Under this parameterization, the model exhibits locally stable equilibrium dynam-
ics if the real interest rate rule is weakly procyclical, that is, if ¢, > gf)g = 0.06. In addition,
we obtain ¢y = 0.07, implying that the no-trade-off regime — characterized by positive
responses of both output and technology growth — emerges only over a narrow region
of the parameter space. Output increases whenever 7, < 7, = 0.22, whereas technol-
ogy growth increases for 0.06 < ¢, < 0.07 provided that 7, < 7,7 € [0.00,0.05]. Under the

22The earnings incidence parameter is identified by u =1 + wfc’v), where cov (mpc,v) denotes the
covariance between individual MPCs and the elasticity of individual earnings with respect to aggregate

earnings. Empirical estimates of the matching multiplier for the U.S. economy imply cév (mpc, v) > 0.

24



benchmark calibration, the model generates an output multiplier of M, =1.18 > 0 and
a technology growth multiplier of M, = —0.03 < 0, implying a regime with short-run
versus long-run stabilization trade-off. The horizon beyond which the level of output
permanently declines is approximately four years, corresponding to z* = 16, while the
associated long-run output loss equals —0.30 percent.

3.4 Discussion and Additional Results

In this section, we place our analysis in the context of the literature, clarify the specific
margins along which our approach differs, and outline promising extensions.

3.4.1 Physical vs. Innovative Capital The core of our HANK-G framework features two
assets, liquid bonds and illiquid innovative capital. In terms of the underlying struc-
ture, our model thus shares similarities to the standard two asset HANK models with
liquid bonds and illiquid physical capital (Gali et al. (2007), Bilbiie et al. (2022), Kaplan
et al. (2018), Auclert (2019)) that are well-suited to study short-run dynamics in con-
sumption, investment, and output. Compared to these models, our framework with in-
novative capital offers a distinct yet complementary perspective. First, innovative capital
generates a unit root in the technology level such that any transitory shock that alters in-
novative investment will permanently alter the level of output. Second, as consumption
and investment are driven by changes in permanent income, the endogenous growth
setup further strengthens the indirect propagation effects of transitory policy shocks
relative to an exogenous growth setup. Finally, a key advantage of our framework lies
in its analytical tractability. Because innovative returns are linear in output, we are able
to provide a closed-form solution to a two asset THANK economy.

3.4.2 Equivalence between Fiscal and Monetary Policy It is well known that, in one-
asset HANK models, fiscal transfers across households are macroeconomically equiva-
lent to a monetary stimulus in their effects on consumption and output (see, among oth-
ers, Seidl and Seyrich (2023), Bilbiie et al. (2024), Wolf (2025)). This equivalence breaks
down in the HANK-G framework because fiscal transfers also operate through an invest-
ment channel: they appear both in the DIS equation and the endogenous-growth (EG)
equation. Essentially, in this framework, a monetary expansion raises both output and
technology growth and the redistributive effects of the monetary stimulus weaken or
amplify the consumption or investment channel without reversing their signs. As a re-
sult, a short- vs long-run stabilization trade-off does not occur for a monetary stimulus.
We defer a full analysis of monetary policy in HANK-G to a companion paper.

3.4.3 Departure from FIRE There is growing empirical evidence that supports a de-
parture from the full information rational expectations (FIRE) benchmark (see, among
others, Coibion and Gorodnichenko (2015) or Roth et al. (2023)). To account for this, we
follow Gabaix (2020) and Pfduti and Seyrich (2022) and introduce bounded rationality in
the form of cognitive discounting, where 7 € [0, 1] denotes the degree of cognitive dis-
counting. By generating a discounted IS equation, this extension rules out the "Catch-
22" (Bilbiie, 2025) in the HANK-G framework: cognitive discounting solves the forward
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guidance puzzle for output, while counter-cyclical income inequality leads to amplifi-
cation. Economically, cognitive discounting acts on household expectations and, hence,
effectively weakens the market size effect. One can show that Propositions 6 - 8 continue
to hold by replacing the persistence of the respective fiscal policy shock with mip < p.

4. Quantitative Analysis

The analytical results so far reveal three possible regimes for how fiscal expansions affect
output and technology growth, depending on both tax incidence and the stance of sys-
tematic monetary policy. To assess which regime is empirically relevant, we now com-
plement our analysis with a quantitative evaluation of tax-financed fiscal expansions in
the U.S. economy. The extended model preserves the same backbone as the theoreti-
cal model, enriching the environment only where needed for empirical discipline along
three margins: richer household heterogeneity, an innovation process aligned with the
entrepreneurial growth literature, and realistic tax and transfer schedules.

We first present the model and its calibration, and then study its quantitative prop-
erties. Our main finding is that a typical postwar U.S. fiscal expansion — financed by
greater income tax progressivity — falls into the regime characterized by a stark and ro-
bust short- versus long-run stabilization trade-off. We further show that placing the tax
incidence on the upper middle class maximizes welfare by preserving short-run output
gains without sacrificing long-run growth.”?

4.1 Extended HANK-G Model and Calibration

We normalize variables by aggregate technology to keep the household problem and
cross-sectional distribution on a time-invariant state space.

Households Unlike the theory, we distinguish between ex ante and ex post household
heterogeneity. Specifically, a time-invariant share A i of households has the ex ante abil-
ity to become entrepreneurs, while the remaining share 1 — A are workers. Households
now face idiosyncratic shocks to labor productivity %;;, employment status e;; € {0,1},
and discount factor 3;;, each governed by a Markov process. They supply efficiency units
of labor L;; = e;1hit€(h;it), where ¢(h;;) denotes hours worked when employed (e;; = 1).
In steady state, hours are identical across productivity groups, while employment tran-
sitions within each group are pinned down by structural unemployment and separation
rates. Off steady state, we extend Assumption 2: unions allocate aggregate labor-demand
fluctuations across productivity types via AL}* = u(h) ALy, and split each group’s adjust-
ment between hours and employment using the weights ¢(%) and 1 — ¢(h), respectively.
Employment adjustment operates through changes in the transition probabilities be-
tween employment and unemployment.

Workers can save in liquid assets b;; = B;;/ A+ > 0, while entrepreneurs can also in-
vest x;¢+ = I;; /A to accumulate a stock of illiquid innovations, a;s = A;:/A+. Households

Z3For expositional purposes, we keep the description of the stationary extended model concise and refer
the interested reader to Section D of the Online Appendix for details.
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die with probability p; and are replaced by newborns who inherit their parents’ ex ante
entrepreneurial ability. Newborns draw their employment status e;;, discount factor g,
and labor productivity h;; from the corresponding Markov processes. Bequests are fully
taxed, and innovations are lost when the entrepreneur dies.

With zero distributed dividends, household income before personal taxes is the sum
of labor income, entrepreneurial income net of corporate taxes, and bond income

yir = [(1 — eit)s + eit) wehitlis + 15 (1 — 7o) R aig +re—1bit

where w; = Wy /A; is the real wage, ¢ denotes the unemployment replacement rate if
unemployed (e;; = 0), ]Iﬁ indicates the entrepreneurial type with return R;“ =0O,L¢, Te
is the corporate tax rate, and r;—; = R;_1 /7 — 1 is the net real interest rate between ¢ — 1
and ¢. The household budget constraint is

cit + it + g 1bitt1 = Yir — T (yit) + bit

where ¢;; = C;; /A and T (y;¢) is the tax-and-transfer schedule. In addition, m(a;¢, bit, sit)
denotes the measure of households, where s;; = (i, e, Bit, Hﬁ ) is the vector of exoge-
nous states.

Entrepreneurial Innovation Only a fraction of entrepreneurs will hold a positive illiquid
stock of innovations, a;+ > 0, depending on realizations of idiosyncratic shocks. In par-
ticular, by investing an amount z;;, entrepreneurs generate a successful innovation with
probability ((x;:) = 1 — exp (—yx4 ). Upon success, the stock of innovations increases by
a fixed step nA;, where n > 0and 4; = | Aitdmf(ait, bit,s;+) denotes aggregate innova-
tions, with m representing the measure of households with entrepreneurial ability.>*

Moreover, we incorporate an idiosyncratic investment shock ;11 ~ F,, which scales
previously realized innovations and generates heterogeneity in entrepreneurial income.
This modeling device captures the idea that innovative investment does not always
translate one-for-one into realized innovation, and that large innovations can occur
even with modest investment. The relative stock of innovations evolves as

tite1(1 = 6N ag + ndier

Ait+1 = A )
Jt+1

where gﬁrl denotes aggregate gross technology growth, §4 is the depreciation rate of
innovation capital and d; ;1 € {0, 1} indicates whether the innovation step is realized.
Aggregating the individual laws of motions for a; ;11 determines the aggregate stock of
innovations and thus overall technology growth gﬁl.

24The key difference between the analytical and quantitative models lies in the returns to scale of inno-
vative investment. In the analytical model, the law of motion can be equivalently rewritten as A;11(j) =
C(zit) [Ae(§) + nAt] + (1 — C(w4¢)) A¢(§), with a linear success probability ¢(x;:) = (¢/n)w;¢. The quan-
titative model departs from this benchmark by introducing decreasing returns to innovation effort, with
¢(zit) = 1 — exp(—vyzi¢). Balanced growth is nevertheless preserved because each successful innovation
raises knowledge by a step proportional to aggregate technology, nA¢, through non-rivalry.
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Government and Monetary Policy The government issues bonds and collects tax rev-
enues. Income taxes and transfers are of the form specified by Ferriere et al. (2023),
whereby the average tax rate and transfer are given by:

N L —20 o 2exp{=E&(yit/y)}

(yie) = exp (log(00) (/) > ) and T(yi) = Typ - =il s
The parameter g; € (—o0, 1) governs tax progressivity, ¥; controls the average tax rate,
and y is the steady-state mean income in the economy. The tax schedule is linear when
o+ = 0, progressive when g; € (0, 1), and regressive when g; < 0. For transfers, the param-
eter T denotes transfers to a household with zero income as a multiple of steady-state
mean income, while ¢ determines how quickly transfers phase out with income. When
¢ =0, transfers are lump-sum. As £ becomes larger, transfers phase out faster. The total
tax-and-transfer schedule is T (y;:) = 7(yit)yir — T (st )-

Total revenues of the government are the sum of income taxes net of transfers, be-
quest taxes (pgb;:), and corporate taxes. They are used to finance an exogenous level
of government spending s{, interest payments on bonds r;_1b$, and unemployment
benefits. The government budget is:

9£4+1bgf1+/[T(yit)+pdbit—(1—eit)gwthitgit]dmt(ait’bz’tasit)+TcR24:(1+7't—1)b?+5tG-

Furthermore, monetary policy sets the nominal interest rate according to a standard
Taylor rule, which depends on price inflation and output. With a slight abuse of notation
relative to the analytical setup, the rule has the following form:

it =1+ ¢x (me — 1)+ ¢y (yt/y—1) .

Calibration The model is calibrated to the quarterly BGP of the U.S. economy.

l=o YIRS
Households Households have utility U(c;y, e;¢45t) = it _ y(e“fjﬁzo ’ with effective

1-0o

discount factor 3 = Bt (9{41)'77.% We set the inverse EIS to ¢ = 1.5 and the inverse
Frisch elasticity to ¢ = 1. The labor disutility parameter v is chosen so that employed
households work ¢ = 1/3 on the BGP and the death probability is p; = 0.005.

To generate heterogeneous MPCs (Carroll et al., 2017), households differ in their
discount factor, with 3;; € {8r,8n,8y}. Transitions are restricted to adjacent types
and follow Krusell and Smith (1998) and Ferriere and Navarro (2025) with persistence
pg = 0.995, Br, = Bn — AP, and By = By + AP. We set By = 0.97 and AP = 0.026 to
match an average MPC out of transitory income of 0.18 and a debt-to-GDP ratio of 40%.

The Markov process for labor productivity h;; is discretized with 10 states so that
it approximates an AR(1) process in logs, i.e., log(h; t+1) = pp log(hit) + 6?,1‘,—}—1’ where
€'y 11 ~N(0,07), with o7 = 0.04and pj, = 0.973, consistent with Storesletten et al. (2004).
In addition, we normalize [, h;di = 1.

25Note that the disutility of labor in the non-stationary formulation scales with Atl”’.
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To calibrate BGP labor market features and individual exposure, we use CPS panel
data from 1989-2022 for individuals aged 20-65, grouped into wage bins consistent with
the model’s h-heterogeneity. For each h-group, we set steady-state job-finding rates to
their long-run CPS averages and back out steady-state separation rates to match long-
run average unemployment rates by group. Regarding labor-market exposure, we cali-
brate the earnings-incidence function p(h;+) to match the cyclicality of total hours by
wage bin in the CPS. We then use the weights ¢(h;;) to split this labor adjustment be-
tween hours per worker and employment, again matching the observed employment-
hours decomposition. This calibration implies that low-wage workers are more exposed
to aggregate fluctuations through both employment and hours worked. Finally, imple-
menting the extensive employment margin requires taking a stand on how employment
fluctuations are split between separations and job finding. We set the share of unem-
ployment fluctuations due to separations to ¢° =~ 0.3, following Krusell et al. (2017). The
labor market parameter values are reported in Table D.1 in Online Appendix D.3.

Technology and Innovation The parameter v governs how efficiently innovative invest-
ment translates into successful innovation: a higher ~ raises the success probability for
a given z;;, lowering the effective cost of realized innovations. This parameter is diffi-
cult to discipline because the empirical literature on inventor behavior mainly measures
outcomes such as patents, citations, and inventor mobility, rather than latent innovative
investment. For instance, Akcigit et al. (2022) report elasticities of patents P, or citations,
with respect to personal net-of-tax rates 1 — 7, such as the marginal net-of-tax rate faced
by earners at the 90th percentile, 1 — MTR90. We denote this elasticity by ep 1.

Our calibration strategy therefore proceeds in two steps. First, following the patent-
R&D investment literature, we use the elasticity of patents with respect to innovative in-
vestment, € p ., to map model investment responses into patent responses. The relevant
model counterpart is therefore ep;_, =ep, X €4,1—7, Where ;1 _- is the model elas-
ticity of innovative investment with respect to the net-of-taxrate 1 — 7. We setep ,, = 0.5,
which is close to the average estimate in the patent-R&D investment literature (Haus-
man et al., 1984, Kortum and Lerner, 2000, Blundell et al., 2002). Second, we discipline
the patent response to personal income taxation using the individual-inventor evidence
in Akcigit et al. (2022). For the U.S. benchmark, following Jones (2022), we focus on indi-
vidual responses rather than macro elasticities, since the latter also include geographic
reallocation of innovators across states. In particular, we use the individual elasticity of
patents with respect to 1 — MTR90, reported in Table C.37 of the Online Appendix of
Akcigit et al. (2022). This elasticity is about 0.3 for patents and 0.15 for citations.? In
the model, we choose v = 0.44 so that the resulting elasticity ¢p ; _mTR90 €quals 0.23.

26This estimate is lower than the headline elasticities in Akcigit et al. (2022) because the latter use the
marginal tax rate actually faced by each inventor, whereas Table C.37 uses the economy-wide MTR90. This
distinction matters because many regular inventors are not directly subject to top marginal tax rates, so
their response to MTR90 is muted. Consistently, regular inventors have relatively low elasticities, around
0.18 or below, while star inventors, defined as the top 10% of the cumulative patent distribution, are more
directly exposed to high tax incentives and have much larger elasticities, around 0.8. Since idea production
is highly skewed, Jones (2022) argues that the relevant aggregate elasticity is an idea-share-weighted average
of regular and star inventors’ responses, which he estimates to lie around e p 1 _mTrR90 € [0.24,0.40].
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We do so by permanently changing MTR90 through tax progressivity ¢ and evaluating
the behavioral response of innovative investment at the initial distribution.?” Under this
calibration, the model also implies an elasticity with respect to the corporate net-of-tax
rate, ep,1—r,, of 0.18, which falls within the range documented by Akcigit et al. (2022),
between 0.14 for patents and 0.26 for citations. In Section 4.3.1, we also consider two al-
ternative calibrations: one targeting a lower elasticity of 0.1, and another incorporating
mobility effects with an elasticity of 0.5, at the lower end of their macro estimates. The
latter is more relevant for smaller open economies, where international reallocation of
entrepreneurs and inventors may be more prevalent.

We set the share of potentially innovative entrepreneurs to A g = 0.10, which roughly
corresponds to the share of active entrepreneurs in the U.S. Survey of Consumer Fi-
nances (2010). The quarterly depreciation rate of innovation is set to §* = 0.03 (about
12.6% annually), a value that lies between the estimate in de Rassenfosse and Jaffe (2018)
for patented inventions—based on the revenue streams generated by innovations—and
the BEA convention of 15% annual depreciation for R&D expenditures. We assume that
the innovation shock ¢ is Gaussian, i.e., F,(:) ~ N'(1,02), where 02 = 0.0225 generates a
Pareto tail for income of about 1.7, consistent with Piketty and Saez (2014). Finally, given
~, the step size n = 0.32 pins down an annual growth rate of 2%.

Nominal Rigidity The labor share is set to oo = 0.4. We calibrate the NKPC by setting
ew = 7, which corresponds to a union’s markup of 16.7%. The wage adjustment cost 6 is
200 to match a wage Phillips curve slope, ¢,,/6, of 0.035.

Fiscal and Monetary Policy 'We borrow the progressivity of the tax system and transfer
parameters from Ferriere et al. (2023).28 In particular, the steady-state progressivity of
the income tax schedule is ¢ = 0.08, while ¥ = 0.7 implies an average labor income tax
rate of about 23%. Transfers at minimum income are T = 8.3% of average income, with a
phase-out parameter £ = 4.22. The corporate tax rate is set to its statutory level, 7. = 0.21.
The UI replacement rate ¢ is set to 40% of previous labor income, the average across
U.S. states between 1990 and 2020. The implied government spending to output ratio
is roughly 25%. Finally, monetary policy follows a standard Taylor rule with coefficients
¢ = 1.5 on inflation and ¢, = 0 on output. The real interest rate on the BGP is r = 1%.

4.2 Inspecting the Model's Properties

Innovation, Income, and Wealth Inequality We now examine how well the model
matches key features of the data. We begin with the innovation-inequality relationship.
Table 1 compares the income and wealth distributions in the data and the model.

The benchmark model (2nd row) generates a pronounced concentration of income
and wealth, largely driven by the strong endogenous sorting of entrepreneurs into the
top of the distribution. Entrepreneurs account for 45% of the wealthiest 5% of house-
holds. The model is therefore consistent with the causal link between innovation and

27The response is naturally smaller for transitory tax changes, as in the main policy experiment below.

28The latter incorporate SNAP, housing assistance, the refunded Additional Child Tax Credit (ACTC), the
refundable part of the EITC, state credits, and other welfare transfers.
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TABLE 1. The Distribution of Income and Wealth

Income, top share (in %) Wealth, top share (in %)
1% 10% 20% 50% 1% 10% 20% 50%

US data ® 17 42 58 85 38 73 86 98
Benchmark model 15 38 52 80 35 71 85 99
No entrepreneurs (Ag =0) © 2 19 35 68 11 56 77 98

No innovation shock (62 =0)® 12 36 51 79 17 57 75 97

2 Statistics for income and wealth come from the World Inequality Database (WID).
b Recalibrated to match an annual growth rate of 2%.
¢ Recalibrated to match the same average MPC and debt-to-GDP ratio.

top income shares documented by Aghion et al. (2019). According to their estimates, a
1% increase in patents per capita increases the top 1% income share by ~0.2%.

It is well established that self-employed and business owners are disproportionately
represented among the rich. Cagetti and De Nardi (2006), for example, show that among
the top 5% of households, 68% are business owners (39% when restricted to the self-
employed). Consistent with their findings, removing entrepreneurs from the model (3rd
row) sharply compresses the income and wealth distributions. A key distinction in our
framework, however, is that while 10% of the population are entrepreneurs, only those
with a positive stock of innovations (e > 0) qualify as innovative. By this criterion, just
4.5% of the population are innovators—a small minority. According to the Global En-
trepreneurship Monitor, about 11% of U.S. adults aged 18-64 manage a new business.
Roughly one-third of them offer products or services that are new to at least some cus-
tomers and face little or no direct competition. This implies that about 3.9% of adults
can be classified as innovative entrepreneurs. Using the 2017 U.S. Annual Business Sur-
vey, about 43% of active for-profit firms reported an innovation between 2015 and 2017.
Combined with the SCF estimate that 13.3% of adults own a business, and assuming one
firm per owner, this implies that at most 5.7% of adults own innovative firms.

Finally, removing the idiosyncratic shocks to innovation (4th row), ¢, compresses the
distributions of income and wealth, underscoring the central role of idiosyncratic in-
vestment risk, or luck, as opposed to the level of investment alone, as an engine of con-
centration in our calibration.

Consumption Responses We now turn to the demand properties of the model and
report the model-implied distribution of MPCs across household types and along
the income and wealth distributions. We compute the MPC as the marginal change
in consumption resulting from a small change in liquid wealth, MPC(a;¢, b;t,s:¢) =
80(%@1’“5"’5). We find that unemployed individuals have the highest MPCs (0.38 on av-
erage),l followed by employed workers (0.16) and, finally, entrepreneurs (0.04). This pat-
tern is consistent with Carroll et al. (2017), Ganong and Noel (2019), and Kekre (2023),
who show that MPCs are highest among the unemployed because borrowing constraints
and low liquid wealth make their consumption highly sensitive to income changes.
In contrast, entrepreneurs—having accumulated wealth over time—display the lowest
marginal propensity to consume.
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TABLE 2. Quarterly MPC across Groups, Wealth Quantiles, and Income Quantiles

GROUP MPC  MEAN WEALTH | WEALTHQ  MPC | INCOMEQ MPC
Overall Population  0.18 1.00 0-20% 0.39 | 0-20% 0.47
Unemployed 0.38 0.76 20-40% 0.18 | 20-40% 0.21
Employed 0.16 1.01 40-60% 0.13 | 40-60% 0.11
Entrepreneurs 0.04 10.15 60-80% 0.08 | 60-80% 0.08

80-100% 0.04 | 80-100% 0.04

4.3 Tax-Financed Fiscal Expansions

Propositions 6 and 7 show that tax-financed fiscal expansions can generate opposing
short- and long-run effects, depending on the tax incidence and the stance of systematic
monetary policy. Together, these forces give rise to three stabilization regimes. We now
quantify which of these regimes is relevant in practice under our benchmark calibration.

The economy initially lies on its BGP. As our main policy experiment, we implement
an unexpected government spending shock equal to 1% of steady-state government
spending, i.e. €5/ = 0.01s, which then gradually reverts to its BGP level with persistence
p = 0.85. After the shock, agents have perfect foresight.

Our benchmark financing scheme follows the design of a typical U.S. government
spending shock that is empirically financed through a combination of debt issuance
and higher personal income tax progressivity (Ferriere and Navarro, 2025). Government
debt evolves in response to a spending shock according to

by — 0% = ¢p(dP —dP),

where dtB = StG + (1 + Tt—l)th — TCR}/A — f [pdbit — T(yit) — gwthitgit] dmt(ait, bit7sit) de-
notes the fiscal deficit before personal income taxes. When ¢p = 0, government debt
is constant and the fiscal expansion is fully financed through higher personal income
taxes. When ¢p > 0, part of the government spending shock is financed through debt.
The remaining financing comes from personal income taxes. Specifically, we assume
that tax progressivity evolves according to

0t —0=0o(9t —9),

where ¢, governs the increase in tax progressivity following the fiscal stimulus. The
residual financing need is then absorbed each period by adjusting ¥, i.e. the average
tax rate, to satisfy the government budget constraint.

We discipline the two financing margins using the evidence in Ferriere and Navarro
(2025). We set the debt-financing parameter to ¢ = 0.5, in line with the average deficit
response to a government spending shock, and the benchmark progressivity-response
parameter to ¢, = 1.3 so that the cumulative Average Tax Rate (ATR) response over the
transition is approximately zero for the bottom 50% of the income distribution, as in the
data. This implies that most of the financing burden is borne by the top 50%, with the
ATR rising further toward the top of the distribution.
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Impulse Response Functions (IRFs) Figure 2 displays the resulting IRFs for the level of
output Y;, normalized output y;, technology growth gﬁrl, and consumption c¢;.?? Fi-
nancing the fiscal expansion through higher progressivity produces a clear stabilization
trade-off: the short-run expansion is at the cost of weaker technology growth there-
after. In particular, private consumption rises on impact, but taxation compresses the
net returns to innovation, leading to a decline in entrepreneurial investment and thus
technology growth. As a result, the annual output multiplier, reported in Table 3, is
M, =1.07, while the technology-growth multiplier is M, = —0.11. The switch time z de-
fined in Corollary 1 occurs after roughly eight quarters: beyond that horizon, the output
effect turns negative, implying a permanent output loss of 0.12% following a persistent
1% increase in government spending at time ¢ = 0.

FIGURE 2. Aggregate Effects of Government Spending Shock
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Note: Impulse responses to a 1% shock to government spending financed with higher tax progressivity.

4.3.1 Sensitivity Analysis of the Short- and Long-run Tradeoff We then evaluate the ro-
bustness of the stabilization trade-off across alternative calibrations of the key deter-
minants highlighted in Propositions 5, 6, and 7: the strength of nominal rigidities, the
persistence and financing of the fiscal expansion, the specification of the Taylor rule,
the elasticity of the innovation channel, and the earnings incidence across households.
Table 3 summarizes our findings.

Part A of Table 3 reveals that the stabilization trade-off is a robust feature of the U.S.
economy: changing core model parameters affects its magnitude but not its presence.
First, stronger nominal rigidities make wages and prices adjust more sluggishly, am-
plifying the initial demand push: the impact multiplier climbs to 1.29, long-run losses
are smaller, and the switch time is pushed to eleven quarters. Because it requires a
larger and more persistent tax increase, greater shock persistence slightly weakens the

29We provide the complete set of impulse response functions in Online Appendix D.4.
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TABLE 3. Sensitivity Analysis: Government Spending Shock

MULTIPLIER®  LONG-RUN SWITCH
SPECIFICATION PARAMETERS — b .

My M, DEVIATION TIME 2
Baseline 1.07 -0.11 -0.12 7.60
A. Core Parameters
Higher nominal rigidities 6 =400 1.29  -0.06 -0.07 10.56
Higher shock persistence pg =0.90 098 -0.14 -0.22 7.38
Taylor rule ¢y =0.10 094 -0.14 -0.15 6.16
No earnings incidence pu(h) =1.00 1.08  -0.11 -0.12 7.66
Low innovation elasticity® epi1—r=0.10 1.20 0.01 -0.03 17.79
High innovation elasticity® ep1—+ =050 098 -0.19 -0.21 5.16
B. Financing Parameters
No debt financing ¢p =0.00 096 -0.17 -0.17 6.02
Higher progressivity increase ¢p =2.00 1.06 -0.15 -0.16 6.37
Adjust tax scaling only ¢p =0.00 1.10 -0.03 -0.03 12.41
Welfare-maximizing incidence  Section 4.4.3 1.22  0.02 0.06 NA
C. Model Environment
HANK fixed g 1.19  0.00 0.00 NA
HA fixedg?*, 0 =0 0.64  0.00 0.00 NA
HA-G 0=0 0.56 -0.22 -0.22 3.07

8 The multipliers are reported for the annual cumulative responses. They are computed as M, =
SoiT1dye/ St ds and Mg =331 dgfl /0Ty dsf

b The long-run deviation is computed as Y7 /Y — 1 and reported in percent, where 7' is the horizon by
which the economy has converged to its balanced growth path.

¢ The low- and high-innovation-elasticity parameterizations are (-, n) = (8.05,0.05) and (0.10,1.30), re-
spectively, with + pinning down the innovation-tax elasticity and n matching a 2% annual growth rate.

short-run expansion but substantially strengthens disincentives to invest and thus the
long-run contraction: output eventually falls by more than 0.2% in the long run, and
the switch time arrives earlier. A stronger output-stabilization motive in the Taylor rule
makes monetary policy lean more aggressively against the fiscal expansion: the impact
multiplier falls to 0.94, and the economy experiences permanent output losses slightly
earlier, after seven quarters. In contrast, shutting down heterogeneous business-cycle
exposure through an equal earnings-incidence barely affects the results, suggesting that
it is not a major driver of the stabilization trade-off.

To assess how sensitive the stabilization trade-off is to the strength of the innova-
tion response to taxation, we change the degree of decreasing returns in the success
probability through ~, while choosing 7 to match a 2% annual growth rate. With a low
innovation-tax elasticity, ep;_, = 0.10, which we interpret as the lower bound of the
micro estimates in Akcigit et al. (2022) and Jones (2022), long-run losses are muted and
the switch time is delayed, to eighteen quarters. By contrast, a higher elasticity, set to
ep,1—r = 0.50, calibrated to the lower end of the macro estimates in Akcigit et al. (2022)
and therefore incorporating mobility effects across U.S. states, substantially amplifies
the long-run cost: output falls by 0.21%, and the switch time arrives after six quarters. We
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interpret this mobility-inclusive calibration as informative for small open economies,
such as European countries, where innovators may be more able to relocate interna-
tionally in response to taxation.

In Part B of Table 3, we examine how the financing of the fiscal expansion shapes
the results, mirroring our findings in Proposition 7. First, shutting down deficit financ-
ing lowers the output multiplier by weakening the demand expansion and, as a result,
leads to slightly larger long-run losses. We then turn to the role of transitional tax ad-
justment by considering a larger increase in tax progressivity. This margin is quantita-
tively more consequential, particularly for the technology growth multiplier, which falls
further. However, even when progressivity is held fixed, so that the entire adjustment
operates through higher deficits and higher average taxes via the scaling factor ¥, the
economy still exhibits a short-run versus long-run trade-off, although a much weaker
one. The next section examines this margin in greater detail by analyzing the welfare-
maximizing tax incidence.

Finally, Part C of Table 3 varies the underlying model environment itself, provid-
ing a quantitative counterpart to the mechanisms isolated in Proposition 5. In a stan-
dard HANK model with exogenous technology growth, short-run output multipliers are
higher than in the baseline HANK-G model, but long-run deviations disappear entirely
and no switch time exists, since fiscal interventions have no lasting effect on technol-
ogy growth. In a standard HA model without endogenous growth or nominal rigidities,
the short-run output multiplier declines to 0.64, while long-run effects again vanish. As
before, a switch time does not exist. By contrast, in the HA-G model, shutting down
nominal rigidities weakens the demand response—lowering the impact multiplier to
0.56—while long-run innovation contracts sharply, with a multiplier of —0.22. The re-
sult is a sizable permanent long-run output contraction of about —0.22%, with losses
occurring already after four quarters.

4.4 The Stabilization Trade-Off: The Role of Tax Incidence

We now examine the role of tax incidence more thoroughly. In Proposition 7, we have
characterized the tax incidence that maximizes the output response at different hori-
zons following a fiscal expansion. We follow the same logic here by studying how the
output and technology-growth multipliers, as well as welfare, vary with tax incidence.
Specifically, we allow the government to finance additional spending by allocating the
tax burden to particular income quantiles, while holding fixed the deficit-financed share
of the fiscal expansion.

4.4.1 A Flexible Tax-Incidence Schedule Concretely, we implement a perturbation to
the tax schedule of the following form:

N\ 2 e
7(yir) = exp (1og(19t) (Z/;t) gh—@w(%ﬁ}) , p(yit) =exp (—M> :

202

The function ¢(-) creates a smooth, localized shift in the tax schedule, and allows us to
concentrate the additional tax burden on specific parts of the income distribution. The
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time-varying scale parameter 6; is set endogenously to raise a fixed amount of additional
revenue. The location parameter y* pins down where the extra tax burden falls—for
example around a chosen income quantile—while o controls how far the adjustment
spreads. A larger o spreads the increase in taxation to a broader range of households
with corresponding income levels centered around y*. Households sufficiently far from
y* experience essentially no change in their tax bill.

Figure 3 displays the effects of two localized tax adjustments used to finance an in-
crease in government spending. The first panel plots the resulting average tax rate (ATR),
and the second panel the corresponding marginal tax rate (MTR), which adjusts locally
around each threshold to accommodate the perturbation. The two reforms concen-
trate the additional tax burden at different parts of the income distribution: one around
y* = 0.4 (roughly the 55th percentile) and the other around y* = 1.5 (about the 95th per-
centile). Both use the same dispersion, o = 0.5, illustrating how shifting the adjustment
from middle- to high-income households changes the overall incidence of the reform.

FIGURE 3. Local Perturbation of Tax Schedule
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4.4.2 Tax Incidence, Output, and Technology Growth Equipped with the above tax-
incidence toolkit, we now analyze a government that finances its spending shock by
shifting the tax burden across the income distribution through adjustments in y*.
Specifically, we vary the affected portion of the distribution from the 5th to the 99th
percentile and set o = 0.4 throughout. The lower end of this range corresponds to fi-
nancing through reductions in transfers to low-income households, whereas the upper
end corresponds to a highly progressive adjustment concentrated among top earners.
Figure 4 gathers the results. The top panels report the annual multiplier of normal-
ized output (y;) and the technology growth rate (gﬁH). The bottom left panel reports the
switch time z, while the bottom right panel shows the long-run deviation of output from
the laissez-faire, unshocked allocation. In each panel, we compare outcomes across four
model environments—the baseline HANK-G economy, a standard HANK model with
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FIGURE 4. Government Spending Shock and Heterogeneous Tax Incidence
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Note: The top panels display the annual normalized output and technology growth multipliers following
a 1% government spending shock as a function of the targeted income quantile. The bottom left panel
shows the switching time 2z, if it exist, while the bottom right panel shows the long-run deviation from the
laissez faire economy, both as a function of the targeted income quantile.

exogenous growth, the HA-G economy without nominal rigidities, and an HA economy
with exogenous growth but without nominal rigidities.

The results mirror those in Proposition 5 for the redistribution shock, but now
emerge from a flexible tax-incidence design. We begin with the most intuitive environ-
ment: the HA economy. In this economy, the normalized output multiplier varies lit-
tle with tax incidence—and any short-run effects vanish entirely within a decade. This
stands in sharp contrast to the HANK economy, where the strength of the demand re-
sponse is dictated by the MPC channel. In that environment, shifting the tax burden
toward the top of the income distribution delivers the largest impact and cumulative
multipliers. The picture changes drastically in the HA-G economy. With endogenous
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growth but no nominal rigidities, tax incidence matters for long-run outcomes: plac-
ing the tax burden on top earners generates the largest declines in technology growth.
In this model, taxing higher-income households reduces innovative investment most
strongly, generating a pronounced negative multiplier on technology growth, consistent
with Jaimovich and Rebelo (2017) and Jones (2022). A small exception arises when the
incidence falls only on the bottom of the distribution, in which case the expansion in
market size temporarily dominates and generates a small positive response in technol-
ogy growth. In the absence of a New Keynesian household MPC channel, shifting the
tax burden toward the top always lowers the short-run output multiplier by weakening
innovative investment.

Once both mechanisms operate jointly—nominal rigidities and endogenous growth—
the HANK-G economy delivers a much richer pattern. As in the HANK economy, the
short-run demand response is larger when the tax burden falls on the very top of the
income distribution. But with endogenous technology growth, the same incidence gen-
erates the smallest technology-growth multiplier, which is negative. These two forces
pull in opposite directions, producing a hump-shaped response of output. In this en-
vironment, taxing the upper middle class emerges as the incidence scheme that best
balances the stabilization trade-off: it maximizes short-run fiscal multipliers without
sacrificing long-run technology growth.

Finally, long-run output relative to the unshocked path declines as the tax burden
moves up the income distribution in the HA-G economy. In HANK-G, by contrast, the
short-run demand expansion makes the long-run response initially increase slightly,
then flatten, and only eventually decline as the tax burden shifts toward higher-income
households. Consistent with this pattern, a switch time emerges in HA-G for any tax in-
cidence above the 60th percentile of income, whereas in HANK-G it appears only when
the tax burden is concentrated within the top 5 percent.*’

4.4.3 Welfare and Decomposition Because gains or losses in technology growth ma-
terialize only gradually, welfare measures may rank tax policies differently than out-
put multipliers do. To account for this distinction, we now compute household welfare
across tax-incidence patterns and in the baseline with progressive financing.

For this purpose, we compare at date 0 the full transition induced by the govern-
ment spending shock with the initial stationary balanced-growth path without shock.
Let k = 0 denote the unshocked economy and & = 1 the shocked economy, respectively.
Because aggregate technology growth evolves according to A} = gﬁ;lfAf, every tem-
porary deviation in the growth rate gﬁﬁ has a permanent effect on the level of aggregate
technology, output, and therefore on lifetime utility.

Let Ul denote household i’s normalized period utility along path k, including
unions’ utility costs, and let B, denote the cumulative discount factor net of growth
but inclusive of survival probabilities. Aggregate utilitarian welfare along path & is

Wk:/IEO

30The switch time at the 95th percentile tax incidence is relatively large and not visible in the plot.
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l1—0o
where QF = (HZ;%J g?ﬁ) , with @} = 1. To isolate the short-run component, we con-
struct a counterfactual welfare measure that evaluates the allocation path of the shocked
economy using the technology-growth rates of the unshocked economy:

oo
Wil /Eo lz QYBLU},
=0

This measure removes the welfare effects arising from permanent changes in the level of
technology. We then use consumption-equivalent variation (CEV) to measure both the
total welfare effect and its short-run component. Given our utility function, this yields:

1 _1
1 0\ T—o¢ 17110 o\ -0
aceor = (1 WO T AC(WW)

dmo (a0, bio, sio) -

O C

where CC is the discounted utility weight of consumption along the unshocked path.3!

Figure 5 reports total welfare as a function of the income quantile on which the tax
burden falls. It shows that taxing the upper middle of the income distribution, around
the 70th percentile, is the welfare-maximizing way to finance the fiscal expansion.

FIGURE 5. Welfare as a Function of Tax Incidence
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The last row of Part B in Table 3 reports the corresponding multipliers and long-
run output deviation under the welfare-maximizing tax incidence: the output multiplier
reaches 1.22, while the technology growth multiplier remains positive at 0.02, generat-
ing a long-run output gain of 0.06% following a persistent 1% increase in government
spending at time ¢ = 0. Quantitatively, this welfare-maximizing tax incidence delivers a
consumption-equivalent welfare gain of 0.6% relative to the laissez-faire economy, com-
pared with 0.37% under the baseline progressivity experiment. Put differently, shifting

31The full derivation of these welfare calculations is provided in Online Appendix D.5.
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the financing burden toward the upper-middle class raises welfare gains by about 62%
relative to the typical U.S. fiscal policy design with progressive financing.

Moreover, Figure 6 reports the decomposition of welfare across income groups for
the baseline experiment with progressive financing and the welfare-maximizing tax in-
cidence. Strikingly, in both cases, even the groups that bear the additional tax burden
experience welfare gains from the fiscal expansion. However, relative to the case of
progressive financing, the welfare-maximizing tax incidence benefits every individual
across the entire state space. This implies that a tax incidence on the upper-middle class
constitutes a Pareto improvement.

FIGURE 6. Welfare Gains and Decomposition along Income Distribution
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Note: The left panel shows the welfare decomposition for the progressively financed fiscal expansion,
while the right panel shows the decomposition for a tax incidence around the 70th percentile.

The decomposition into short-run and total welfare effects is also informative. In
the case of a progressively financed fiscal expansion, long-run technology losses reduce
overall welfare substantially. By contrast, under the welfare-maximizing tax incidence,
technology growth remains positive, implying that the overall welfare effect exceeds the
short-run effect. In other words, this tax incidence delivers the largest short-run output
gains while also generating positive long-run welfare gains through higher technology
growth. This is precisely why taxing the upper middle class is welfare-maximizing.

5. Conclusion

In this paper, we develop a unified theory of tax-financed fiscal expansions within a
HANK-G framework that incorporates household heterogeneity, nominal rigidities, and
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endogenous technological growth. We use this framework to show that both their short-
and long-run effects depend critically on the interaction between two central policy
margins: systematic monetary policy and the incidence of taxation.

In the first part of the paper, we use a tractable version of the HANK-G framework to
characterize three distinct stabilization regimes, each with sharply different effects on
output and technology growth. When monetary policy is sufficiently dovish, a progres-
sively financed fiscal expansion raises output in both the short and long run. When mon-
etary policy is instead sufficiently hawkish, the same policy increases short-run output
but induces permanent long-run output losses by suppressing innovative investment.
Finally, when tax progressivity is weak, output declines in both the short and long run,
regardless of the stance of systematic monetary policy. To evaluate the quantitative rel-
evance of these three regimes, the second part of the paper uses an extended version
of the HANK-G model to analyze a typical U.S. government spending shock financed
through an increase in tax progressivity. Across various specifications, the regime featur-
ing a trade-off between short-run output stabilization and long-run technology growth
emerges as a robust outcome. When the additional tax burden is shifted toward upper-
middle income households, this trade-off disappears: output rises, technology growth
increases, and welfare increases for all household groups.

Overall, this paper provides a first step toward understanding the interaction of
household heterogeneity, business cycles with nominal rigidities, and long-run techno-
logical growth. Our analysis points to several directions for future research. First, explor-
ing the normative implications of the framework—particularly the optimal monetary-
fiscal policy mix and the role of taxes and social insurance as automatic stabiliz-
ers—appears especially promising. Second, while the middle-class tax proposal is con-
ceptually appealing, its political feasibility requires further investigation. Finally, further
structural work is needed to identify the potentially opposing short- and long-run ef-
fects of fiscal stabilization policies. Taken together, these considerations highlight the
scope for continued theoretical, quantitative, and empirical work within the HANK-G
framework.

41



References

ACHARYA, SUSHANT AND KESHAV DOGRA (2020): “Understanding HANK: Insights From
a PRANK,” Econometrica, Vol. 88, pp. 1113-1158. [4]

AGHION, PHILIPPE, UFUK AKCIGIT, ANTONIN BERGEAUD, RICHARD BLUNDELL, AND
DaviD HEMOUS (2019): “Innovation and Top Income Inequality,” The Review of Eco-
nomic Studies, Vol. 86, pp. 1-45. [5, 31]

AGHION, PHILIPPE AND PETER HOWITT (1992): “A Model of Growth Through Creative
Destruction,” Econometrica, Vol. 60, pp. 323-351. [16]

AIYAGARI, S. RAO (1994): “Uninsured Idiosyncratic Risk and Aggregate Saving,” The
Quarterly Journal of Economics, Vol. 109, pp. 659-684. [16]

AKCIGIT, UFUK, SALOME BASLANDZE, AND STEFANIE STANTCHEVA (2016): “Taxation and
the International Mobility of Inventors,” The American Economic Review, Vol. 106, pp.
2930-2981. [5]

AKCIGIT, UFUK, JOHN GRIGSBY, TOM NICHOLAS, AND STEFANIE STANTCHEVA (2022):
“Taxation and Innovation in the Twentieth Century,” The Quarterly Journal of Eco-
nomics, Vol. 137, pp. 329-385. [1, 3, 5, 29, 30, 34]

ALVES, FELIPE, GREG KAPLAN, BENJAMIN MOLL, AND GIOVANNI L. VIOLANTE (2020): “A
Further Look at the Propagation of Monetary Policy Shocks in HANK,” Journal of Money,
Credit and Banking, Vol. 52, pp. 521-559. [9]

AMPUDIA, MIGUEL, DIMITRIS GEORGARAKOS, JIRI SLACALEK, ORESTE TRISTANI, PHILIP
VERMEULEN, AND GIOVANNI L. VIOLANTE (2018): “Monetary Policy and Household In-
equality,” ECB Working Paper 2170. [9]

ANGELETOS, GEORGE-MARIOS, CHEN LIAN, AND CHRISTIAN K. WOLF (2024): “Can
Deficits Finance Themselves?” Econometrica, Vol. 92, pp. 1351-1390. [11, 92]

(2026): “Deficits and Inflation: HANK meets FTPL,” Working Paper. [11]

ANTOLIN-DIAZ, JUAN AND PAOLO SURICO (2025): “The Long-Run Effects of Government
Spending,” The American Economic Review, Vol. 115, pp. 2376-2413. [5]

ANZOATEGUI, DIEGO, DIEGO COMIN, MARK GERTLER, AND JOSEBA MARTINEZ (2019):
“Endogenous Technology Adoption and R&D as Sources of Business Cycle Persistence,”
American Economic Journal: Macroeconomics, Vol. 11, pp. 67-110. [4]

AUCLERT, ADRIEN (2019): “Monetary Policy and the Redistribution Channel,” The Amer-
ican Economic Review, Vol. 109, pp. 2333-2367. [4, 25]

AUCLERT, ADRIEN AND MATTHEW ROGNLIE (2020): “Inequality and Aggregate Demand,”
Working Paper. (9]

AUCLERT, ADRIEN, MATTHEW ROGNLIE, AND LUDWIG STRAUB (2024): “The Intertemporal
Keynesian Cross,” Journal of Political Economy, Vol. 132, pp. 4068-4121. [1, 4, 5]

42



(2025): “Fiscal and Monetary Policy with Heterogeneous Agents,” Annual Re-
view of Economics, Vol. 17, pp. 539-562. [11]

BAYER, CHRISTIAN, RALPH LUETTICKE, LIEN PHAM-DAO, AND VOLKER TJADEN (2019):
“Precautionary Savings, Illiquid Assets, and the Aggregate Consequences of Shocks to
Household Income Risk,” Econometrica, Vol. 87, pp. 255-290. [4]

BENIGNO, GIANLUCA AND LUCA FORNARO (2018): “Stagnation Traps,” The Review of Eco-
nomic Studies, Vol. 85, pp. 1425-1470. (2, 4, 16]

BIANCHI, FRANCESCO, HOWARD KUNG, AND GONZALO MORALES (2019): “Growth, Slow-
downs, and Recoveries,” Journal of Monetary Economics, Vol. 101, pp. 47-63. [5]

BIiLBIIE, FLORIN O. (2008): “Limited Asset Markets Participation, Monetary Policy and
(Inverted) Aggregate Demand Logic,” Journal of Economic Theory, Vol. 140, pp. 162-196.
(4,9, 16]

(2020): “The New Keynesian Cross,” Journal of Monetary Economics, Vol. 114,
pp. 90-108. [4, 11, 24]

(2025): “Monetary Policy and Heterogeneity: An Analytical Framework,” The Re-
view of Economic Studies, Vol. 92, pp. 2398-2436. [2, 4, 16, 25]

BILBIIE, FLORIN O., DIEGO R. KANZIG, AND PAOLO SURICO (2022): “Capital and Income
Inequality: an Aggregate-Demand Complementarity,” Journal of Monetary Economics,
Vol. 126, pp. 154-169. [4, 25]

BILBIIE, FLORIN O., TOMMASO MONACELLI, AND ROBERTO PEROTTI (2024): “Stabilization
vs. Redistribution: The Optimal Monetary-Fiscal Mix,” Journal of Monetary Economics,
Vol. 147, pp. 1-18. [5, 25]

BILBIIE, FLORIN O. AND ROLAND STRAUB (2013): “Asset Market Participation, Monetary
Policy Rules, and the Great Inflation,” The Review of Economics and Statistics, Vol. 95, pp.
377-392. [9]

BLANCHARD, OLIVIER, EUGENIO CERUTTI, AND LAWRENCE SUMMERS (2015): “Inflation
and Activity - Two Explorations and their Monetary Policy Implications,” NBER Working
Paper. [5]

BLUNDELL, RICHARD, RACHEL GRIFFITH, AND FRANK WINDMEIJER (2002): “Individual Ef-
fects and Dynamics in Count Data Models,” Journal of Econometrics, Vol. 108, pp. 113—
131. [29]

BROER, TOBIAS, NIELS-JAKOB HARBO HANSEN, PER KRUSELL, AND ERIK OBERG (2020):
“The New Keynesian Transmission Mechanism: A Heterogeneous-Agent Perspective,”
The Review of Economic Studies, Vol. 87, pp. 77-101. [4]

BULLARD, JAMES AND KAUSHIK MITRA (2002): “Learning About Monetary Policy Rules,”
Journal of Monetary Economics, Vol. 49, pp. 1105-1129. [61]

CAGETTI, MARCO AND MARIACRISTINA DE NARDI (2006): “Entrepreneurship, Frictions,
and Wealth,” Journal of Political Economy, Vol. 114, pp. 835-870. [31]

43



CANTORE, CRISTIANO AND LUKAS B. FREUND (2021): “Workers, Capitalists, and the Gov-
ernment: Fiscal Policy and Income (Re)Distribution,” Journal of Monetary Economics,
Vol. 119, pp. 58-74. [4]

CARROLL, CHRISTOPHER, JIRI SLACALEK, KIICHI TOKUOKA, AND MATTHEW N. WHITE
(2017): “The Distribution of Wealth and the Marginal Propensity to Consume,” Quan-
titative Economics, Vol. 8, pp. 977-1020. [28, 31, 81]

CERRA, VALERIE, ANTONIO FATAS, AND SWETA C. SAXENA (2023): “Hysteresis and Busi-
ness Cycles,” Journal of Economic Literature, Vol. 61, pp. 181-225. [5]

CLOYNE, JAMES, JOSEBA MARTINEZ, HAROON MUMTAZ, AND PAOLO SURICO (2025):
“Short-Term Tax Cuts, Long-Term Stimulus,” Working Paper. [5]

COGLIANESE, JOHN, MARIA OLSSON, AND CHRISTINA PATTERSON (2025): “Monetary Pol-
icy and the Labor Market: A Quasi-Experiment in Sweden,” The American Economic Re-
view, Vol. 115, pp. 3451-3486. [9]

COIBION, OLIVIER AND YURIY GORODNICHENKO (2015): “Information Rigidity and the
Expectations Formation Process: A Simple Framework and New Facts,” The American
Economic Review, Vol. 105, pp. 2644-2678. [25]

COIBION, OLIVIER, YURIY GORODNICHENKO, LORENZ KUENG, AND JOHN SILVIA (2017):
“Innocent Bystanders? Monetary Policy and Inequality,” Journal of Monetary Economics,
Vol. 88, pp. 70-89. [9]

COLLARD, FABRICE, PATRICK FEVE, AND PHILIPP WANGNER (2025): “The Power of Persis-
tence,” Working Paper. [11]

COMIN, DIEGO AND MARK GERTLER (2006): “Medium-Term Business Cycles,” The Amer-
ican Economic Review, Vol. 96, pp. 523-551. [4]

Cozz1, MARCO (2018): “Optimal Capital Taxation With Incomplete Markets and Schum-
peterian Growth,” Working Paper. [16]

DEBORTOLI, DAVIDE AND JORDI GALI (2024a): “Monetary Policy with Heterogeneous
Agents: Insights from TANK Models,” NBER Working Paper 32557. [4, 11]

(2024b): “Idiosyncratic Income Risk and Aggregate Fluctuations,” American
Economic Journal: Macroeconomics, Vol. 16, pp. 279-310. [11]

FATAS, ANTONIO (2000): “Do Business Cycles Cast Long Shadows? Short-Run Persistence
and Economic Growth,” Journal of Economic Growth, Vol. 5, pp. 147-162. [5]

FATAS, ANTONIO AND LAWRENCE H. SUMMERS (2018): “The Permanent Effects of Fiscal
Consolidations,” Journal of International Economics, Vol. 112, pp. 238-250. [5]

FERRIERE, AXELLE, PHILIPP GRUBENER, GASTON NAVARRO, AND OLIKO VARDISHVILI
(2023): “On the Optimal Design of Transfers and Income Tax Progressivity,” Journal of
Political Economy Macroeconomics, Vol. 1, pp. 276-333. [28, 30, 85]

44



FERRIERE, AXELLE AND GASTON NAVARRO (2025): “The Heterogeneous Effects of Gov-
ernment Spending: It’s All About Taxes,” The Review of Economic Studies, Vol. 92, pp.
1061-1125. [1, 5, 24, 28, 32]

FORNARO, LUCA AND MARTIN WOLF (2023): “The Scars of Supply Shocks: Implications
for Monetary Policy,” Journal of Monetary Economics, Vol. 140, pp. 18-36. [5, 7, 11, 16,
56]

(2025): “Fiscal Stagnation,” Working Paper. [4]

GABAIX, XAVIER (2020): “A Behavioral New Keynesian Model,” The American Economic
Review, Vol. 110, pp. 2271-2327. [25]

GAILLARD, ALEXANDRE, CHRISTIAN HELIWIG, PHILIPP WANGNER, AND NICOLAS
WERQUIN (2023): “Consumption, Wealth, and Income Inequality: A Tale of Tails,” SSRN
Working Paper 4636704. [12]

GALI, JORDI (2015): “Monetary Policy, Inflation, and the Business Cycle: An Introduction
to the New Keynesian Framework and its Applications,” Princeton University Press. [16]

GALI, JORDI (2026): “Rethinking Monetary Policy Rules,” Working Paper. [11, 24]

GALI, JORDI, J. DAVID LOPEZ-SALIDO, AND JAVIER VALLES (2007): “Understanding the
Effects of Government Spending on Consumption,” Journal of the European Economic
Association, Vol. 5, pp. 227-270. [4, 25]

GANONG, PETER AND PASCAL NOEL (2019): “Consumer Spending during Unemploy-
ment: Positive and Normative Implications,” The American Economic Review, Vol. 109,
pp. 2383-2424. [31]

GARGA, VAISHALI AND SANJAY R. SINGH (2021): “Output Hysteresis and Optimal Mone-
tary Policy,” Journal of Monetary Economics, Vol. 117, pp. 871-886. [4]

GUVENEN, FATIH, SERDAR OZKAN, AND JAE SONG (2014): “The Nature of Countercyclical
Income Risk,” Journal of Political Economy, Vol. 122, pp. 621-660. [9]

GUVENEN, FATIH, SAM SCHULHOFER-WOHL, JAE SONG, AND MOTOHIRO YOGO (2017):
“Worker Betas: Five Facts About Systematic Earnings Risk,” The American Economic Re-
view, Vol. 107, pp. 398-403. [9]

HAcK, Lukas, KLODIANA ISTREFI, AND MATTHIAS MEIER (2026): “Identification of Sys-
tematic Monetary Policy,” Working Paper. [24]

HAGEDORN, MARCUS, IOURII MANOVSKII, AND KURT MITMAN (2019): “The Fiscal Multi-
plier,” NBER Working Paper. (5]

HAUSMAN, JERRY, BRONWYN H. HALL, AND ZVI GRILICHES (1984): “Econometric Models
for Count Data with an Application to the Patents-R&D Relationship,” Econometrica, Vol.
52, pp. 909-938. [29]

HEATHCOTE, JONATHAN, KJETIL STORESLETTEN, AND GIOVANNI L. VIOLANTE (2010):
“The Macroeconomic Implications of Rising Wage Inequality in the United States,” Jour-
nal of Political Economy, Vol. 118, pp. 681-722. [9]

45



HoLM, MARTIN BLOMHOFF, PASCAL PAUL, AND ANDREAS TISCHBIREK (2021): “The
Transmission of Monetary Policy under the Microscope,” Journal of Political Economy,
Vol. 129, pp. 2861-2904. [9]

ILZETZKI, ETHAN (2024): “Learning by Necessity: Government Demand, Capacity Con-
straints, and Productivity Growth,” The American Economic Review, Vol. 114, pp. 2436-
2471. [5]

JAIMOVICH, NIR AND SERGIO REBELO (2017): “Nonlinear Effects of Taxation on Growth,”
Journal of Political Economy, Vol. 125, pp. 265-291. [1, 5, 38]

JONES, CHARLES 1. (2022): “Taxing Top Incomes in a World of Ideas,” Journal of Political
Economy, Vol. 130, pp. 2227-2274. [1, 5, 29, 34, 38]

JORDA, OSCAR, SANJAY R. SINGH, AND ALAN M. TAYLOR (2024): “The Long-Run Effects of
Monetary Policy,” The Review of Economics and Statistics, pp. 1-49. [5]

KAPLAN, GREG, BENJAMIN MOLL, AND GIOVANNI L. VIOLANTE (2018): “Monetary Policy
According to HANK,” The American Economic Review, Vol. 108, pp. 697-743. [1, 4, 25]

KEKRE, ROHAN (2023): “Unemployment Insurance in Macroeconomic Stabilization,”
The Review of Economic Studies, Vol. 90, pp. 2439-2480. [31]

KEKRE, ROHAN AND MORITZ LENEL (2022): “Monetary Policy, Redistribution and Risk
Premia,” Econometrica, Vol. 90, pp. 2249-2282. [4, 19]

KORTUM, SAMUEL AND JOSH LERNER (2000): “Assessing the Contribution of Venture Cap-
ital to Innovation,” The RAND Journal of Economics, Vol. 31, pp. 674-692. [29]

KRAMER, JOHN V. (2022): “The Cyclicality of Earnings Growth along the Distribution -
Causes and Consequences,” Working Paper. 9]

KRUSELL, PER, TOSHIHIKO MUKOYAMA, RICHARD ROGERSON, AND AYSEGUL $SAHIN
(2017): “Gross Worker Flows over the Business Cycle,” The American Economic Review,
Vol. 107, pp. 3447-76. [29, 87]

KRUSELL, PER, TOSHIHIKO MUKOYAMA, AND ANTHONY A. SMITH (2011): “Asset Prices in
a Huggett Economy,” Journal of Economic Theory, Vol. 146, pp. 812-844. [8]

KRUSELL, PER AND ANTHONY A. SMITH (1998): “Income and Wealth Heterogeneity in the
Macroeconomy,” Journal of Political Economy, Vol. 106, pp. 867-896. [28]

LASALLE, JOSEPH P. (1986): “The Stability and Control of Discrete Processes,” Applied
Mathematical Science, Vol. 62, Springer, New York. [61]

LUETTICKE, RALPH (2021): “Transmission of Monetary Policy with Heterogeneity in
Household Portfolios,” American Economic Journal: Macroeconomics, Vol. 13, pp. 1-25.
(4, 19]

McKAY, ALISDAIR, EMI NAKAMURA, AND JON STEINSSON (2016): “The Power of Forward
Guidance Revisited,” The American Economic Review, Vol. 106, pp. 3133-3158. [4]

46



MELCANGI, DAVIDE AND VINCENT STERK (2025): “Stock Market Participation, Inequality,
and Monetary Policy,” The Review of Economic Studies, Vol. 92, pp. 2656-2690. [4]

MORAN, PATRICK AND ALBERT QUERALTO (2018): “Innovation, Productivity, and Mone-
tary Policy,” Journal of Monetary Economics, Vol. 93, pp. 24-41. [5]

MORETTI, ENRICO AND DANIEL J. WILSON (2017): “The Effect of State Taxes on the Ge-
ographical Location of Top Earners: Evidence from Star Scientists,” The American Eco-
nomic Review, Vol. 107, pp. 1858-1903. [5]

OH, HYUNSEUNG AND RICARDO REIS (2012): “Targeted Transfers and the Fiscal Response
to the Great Recession,” Journal of Monetary Economics, Vol. 59, pp. 50-64. [5]

PATTERSON, CHRISTINA (2023): “The Matching Multiplier and the Amplification of Re-
cessions,” The American Economic Review, Vol. 113, pp. 982—1012. [9, 24]

PFAUTI, OLIVER AND FABIAN SEYRICH (2022): “A Behavioral Heterogeneous Agent New
Keynesian Model,” Working Paper. [25]

PIKETTY, THOMAS AND EMMANUEL SAEZ (2014): “Inequality in the Long Run,” Science,
Vol. 344, pp. 838-843. [30]

QUERALTO, ALBERT (2020): “A Model of Slow Recoveries from Financial Crises,” Journal
of Monetary Economics, Vol. 114, pp. 1-25. [5]

(2022): “Monetary Policy in a Model of Growth,” Working Paper. [5]

DE RASSENFOSSE, GAETAN AND ADAM B. JAFFE (2018): “Econometric Evidence on the
Depreciation of Innovations,” European Economic Review, Vol. 101, pp. 625-642. [30]

RAVN, MORTEN O. AND VINCENT STERK (2020): “Macroeconomic Fluctuations with
HANK & SAM: An Analytical Approach,” Journal of the European Economic Association,
Vol. 19, pp. 1162-1202. [4]

ROTEMBERG, JULIO J. (1982): “Sticky Prices in the United States,” Journal of Political
Economy, Vol. 90, pp. 1187-1211. [9]

ROTH, CHRISTOPHER, MIRKO WIEDERHOLT, AND JOHANNES WOHLFART (2023): “The Ef-
fects of Monetary Policy: Theory with Measured Expectations,” Working Paper. [25]

SEIDL, HANNAH AND FABIAN SEYRICH (2023): “Unconventional Fiscal Policy in a
Heterogeneous-Agent New Keynesian Model,” Journal of Political Economy Macroeco-
nomics, Vol. 1, pp. 633-664. [25]

STADLER, GEORGE W. (1990): “Business Cycle Models with Endogenous Technology,” The
American Economic Review, Vol. 80, pp. 763-778. [4]

STORESLETTEN, KJETIL, CHRIS I. TELMER, AND AMIR YARON (2004): “Cyclical Dynamics
in Idiosyncratic Labor Market Risk,” Journal of Political Economy, Vol. 112, pp. 695-717.
[9, 28]

STRAUB, LUDWIG (2019): “Consumption, Savings, and the Distribution of Permanent In-
come,” Unpublished Manuscript, Harvard University. [12]

47



WERNING, IVAN (2015): “Incomplete Markets and Aggregate Demand,” Working Paper.
(4, 9]

WOLE, CHRISTIAN K. (2023): “Fiscal Stimulus and the Systematic Response of Monetary
Policy,” AEA Papers and Proceedings, Vol. 113, pp. 388-393. [24]

(2025): “Interest Rate Cuts versus Stimulus Payments: An Equivalence Result,”
Journal of Political Economy, Vol. 133, pp. 1235-1275. [25]

WOODFORD, MICHAEL (2011): “Simple Analytics of the Government Expenditure Multi-
plier,” American Economic Journal: Macroeconomics, Vol. 3, pp. 1-35. [11]

48



ONLINE APPENDIX (NOT FOR PUBLICATION)

Inequality, Business Cycles, and Growth
A Unified Theory of Fiscal Stabilization Policies

The Online Appendix is organized as follows. Appendix A contains detailed deriva-
tions of the analytical HANK-G framework, Appendix B provides proofs, and Appendix C
incorporates supplementary theoretical results. Finally, Appendix D contains a full de-
scription of the quantitative model environment, details the model calibration, shows
impulse response functions to further variables, derives the welfare criterion and ex-
plains the computational algorithm.

APPENDIX A: Analytical HANK-G Model - Derivations
A.1 Competitive Equilibrium

In Appendix A.1, we characterize the first order conditions to the individual household,
firm, and union maximization problems.

A.1.1 Final and Intermediate Good Firms The objective of the competitive final good
producer is to maximize profits, i.e.,

1
PLIY [ A () X ()Y — Po() Xe(§) — Wi L
s P !to> () dj — () X4 (j) — Wi

with corresponding first-order conditions:

1
Wim (L= )P [ A X))
0
Py(j) = aP,Li~ Ay (5) X ()L

Using both conditions, the price-setting problem of an intermediate firm j becomes
1
. . . . P(j)\ T .
Or(j) = (P(j) — P) X)) = (Pe(j) — P (t) LiAs(j) .
(ax O ()= (Ped) = P)Xi () = (Peld) = P) tA+(J)

The first order condition to this problem is

Ay Lo O
PG\t 1 , B\ 1
P(j) - P — =
< ol +a—1( 1) = Fr) abl; ab; 0,
which can be rearranged to aP;(j) = P;. As a result, one obtains X;(j) = aTs L A(5)
pleY
and consequently Y& = aT-a [; A;. As such, nominal profits are 7 (j) = ©,P:L; A¢(5),
where O, =a~! (1 — «) aTa, Finally, real profits are given by 0:(j) = ©,L:A:(j) and
returns to innovation R{ (j) = 0;(j)/A¢(j) = ©a L = R{* for each j.
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A.1.2 Households The first-order conditions for savers are

Ue(CP LY) = AT
AY = BE, :(1 — N)sVE (B 1,wii1, AZy) + A1 — )V (BfL) | +EF
AS g 3, = PR :Vf(BZgvai%rl’AfH)} ’
Af =907,
Q7 = BE, :V,4S(B§+17wf+17Af+1)} ,

together with the complementary slackness condition Ef bf 1 =0, with Ef > 0. Note
that A7, Q7 and =7 are Lagrange multipliers associated with the budget constraint, the
LOM of capital, and the individual bond constraint. The Envelope theorem implies

A Riy
V5 (BY, f,flf>:1_tA m—

S
VS( t’wt’AS) 1j)\(Qt+Dt)7
VI(BY Wi AY) = APRE +QF

Moreover, the first-order conditions for hand-to-mouth households are
MC(CtH’LI{{) :Af] )
AF' = BB [MVE (B + (1= N1 = VE (B, wii, A7) + 21

together with the complementary slackness condition = b/ 1 =0, where =; H > 0. The
Envelope theorem, in turn, implies

vh (Bl ==t

Tt

Using the previous expressions, saver and hand-to-mouth FOC’s can be rewritten as

1 ,
— =A;, for ie€{S H},
Cy
H [ Ry s
Ay = PE; (hAt+1+( h>At+1) +E,
| Te41
[ Ry
AS =BE A A =7
F=0 t_ﬂt+1 (5 t+1+( s) t+1) +=5,
AP g =BEy |AD 1 (g + Dt—i—l)}
AP =907,
QF = BE, Ats+1Rt+1+Qt+1} :
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Assumption 1 implies =7 > 0 and =7 = 0. As a result, H households are strictly hand-to-
mouth and consume thelr disposable income in every period, while the Euler equation

of savers hods with equality, i.e.,
R 1 1
e (L aog )]
Te+1 \ Oy Ci

Finally, the optimal innovative investment decision is given by

1
c;

= BE:

t+1

1= BE; [Ccf (1 + ¢Rf+1>

A.1.3 Union Wage Setting Differentiated labor inputs are bundled according to a CES
aggregator that has the usual form

€w

1 ew—1
Li= (/Lt(Z)”e”Jldz) , with e, >1.

0

The final good firm’s cost minimization problem is

_Cw _

1 1 ew—1
i Wi(l)Le(1 subject to /L Cw dl .
{L%l}zo/ tDE() ) ( f )

0

Taking the first order conditions and following the standard steps provides us with the
following labor demand for variety |

n - (T80) o

where the aggregate wage index is defined by

1
T—ew
( / W)~ 5“’dl> .

The maximization objective of union [ is then given by

0 A
log Cy( ALV
{vﬁ?ﬁ}zﬂ {Og tl L+
subject to
(W) g
n)= () i,

2
G0+ 10 = "D 10) + AW + D) - To() - § (;A WVth(f()D - 1) 4
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where we have imposed the equilibrium condition for shares, i.e., w; = 1 V¢, respectively
bonds b, ; = b1 ; = 0. The nominal labor income of the average household is

LWMM*LW% d
The first-order condition is
1 (1 —Ew)Lt(l> 1 Wt(l) 1 At Lt(l>1+@
C() Py g Wi_1(1) g Wi_1(1) Wi (1)

+B0E,

1 1 Wi (D) 1 Wi () B
0 <gA W) 1) o At“] =0

As unions face identical first-order conditions, we presuppose a symmetric equilibrium
with Wy(l) = Wy and, thus, L; = L(I). Multiplying through with W; and defining gross

nominal wage inflation as 7}’ = vat - provides us with

o my [ Cy A (W;/UH ) g1 €w ( 0Ot ew—1 Wy )
T _1)\T _gR 1 _Cwp (yrett .
(gA ) gA B t Ct+1 At gA gA t

0 t At B Ew PtAt
A.1.4 Inflation Dynamics By substituting the expression for X;(j) into the final good
producer’s first order condition for labor, we obtain

1 Wi
O

2a

(1—a)aT-= Ap
such that price inflation, wage inflation, and technology growth are related as follows

w
s

t

Tt = A
9t
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A.2 Stationary Equilibrium

After normalizing all trending variables by the level of aggregate technology, the station-
ary equilibrium is described by the following equations.

A
. giy1 Ry 1 _ 1
Saver Euler Equation = B [m+1 (SCf+1 +(1—s) i )]
S
Growth Equation 9it | = BE, ngil (1+9RA,)
Real Wage wy=(1- a)a%
NK Wage Phillips Curve (Z—i; - ) ;—tA — BE; [Cffrl (Wgﬁl - 1) %} = 4Ly (VLfCt - Lﬁ;lwt)
Fiscal Transfers th = 7

Individual Hours Worked L = (1 — )L+ uL,, Ly =207 1y,

Aggregate Hours Worked Ly=ALE + (1 - NI}

H
HtM Consumption = w L — %
. RALd, — A4S
Saver Consumption g =wi LY + %
Dividends di =0
Innovative Return RA=0,L;
Aggregate Consumption M +(1-Ned =¢

LOM Technology Growth g =1+

@

Monetary Policy Rule Ry = RE, [Tt1] (X%Qt) g

2
Intermediary Inputs T =al-ol,;

G 20
Gross Output Yy =al-aly
Output ye =YLy
R C . . A 0 Tr%u 1 2
esource Constraint ye=cetif + 5 (T -

Inflation Dynamics = %
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A.3 Steady State

We consider a full employment steady state (L > 0) with positive technology growth (see
the proof of Result 1). We assume 7 = 1, which implies 7% = g“. To begin with, we deter-
mine hours worked L using the following equations:

g =B +90aL)

Ew—]. 2a

vL¥c= (1—-a)aT-a,
€w
A
—1
YoL=c+ 2 ;
As a result, hours worked are implicitly characterized by
1-— —1 a
vL¥ <(Ya — BO4) L+ 5) =T 1 -a)aTia . (5)
/(/) €w
To see whether there exists a unique L > 0 that satisfies (5), notice that
2a «
Ya—ﬁ@a:alfa(l—oﬂ) (1_514—@) , (6)

which is strictly positive because of o € (0,1) and 8 < 1. The left-hand side of (5) is,
therefore, strictly increasing in L. Moreover, it is zero for L = 0. As a result, there ex-
ists a unique positive L that satisfies (5). Based on L, one can determine all remaining
steady state values recursively. Steady-state hand-to-mouth and saver consumption, for
instance, are given by

H
H 2a t
:17 lfaLfi
c (1-a)a 5y
S_(1—ajasr (14020 4 125 0
cTlTae TN T 1-n

Steady-state hand-to-mouth and saver consumption are positive if
— 2a
tH <t =\ (1-a)aTeL>0,

+—>0.
G

There exists a lump-sum redistribution t¥ from savers to hand-to-mouth households
that equates their steady state consumption levels, i.e., T'. = ¢% /¢/f = 1. It is given by

ts<tS:(1_A).(1_Q)Q%L<1+atf> 1-8

tF=X.(1-p) [a(l—a)alQ(XaL—&-lﬂ <7

Finally, steady-state growth is positive, i.e., g4 > 1, if

g~t-1

Fl+POL)>1 & 1> o
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A.4 Log-Linear Stationary Equilibrium

Let us define the following auxiliary parameters:

s ///:gA—ﬁ . €w—1

2a
5 - 1—a)atsT,
s+ (1 — S)Fc ’ gA ’ 0 ( a)a y e

%
Il
<o

Log-linearizing the conditions from Appendix A.2 around the steady state, we obtain®?

Saver Euler Equation & = —(ip — By [feg1]) + 5B [0, 1] + (1 — 3)Eq [¢fL4] + 9741
Growth Equation G =6 —Ei 0] + ARy [ t+1}

Real Wage Wy =0

NK Wage Phillips Curve 7= BE: [754] + K (@ﬁt + 5t>

Fiscal Transfers th =19 = %

Individual Hours Worked LH =ply, L7 =20,

Aggregate Hours Worked Li=ALFH +(1=NLY

Hand-to-Mouth Consumption off =} (wt +LH ) - %% tH

Saver Consumption & =2k (wt + Iif) + 11 (%Rf +Xd; - %524 - gff)
Dividends cft =0

Innovative Return RA =1L,

Aggregate Consumption AeHEH 1 (1 - N)eSe =iy

LOM Technology Growth gg‘;l =9 9;1 Z{‘

Monetary Policy Rule it =By [feq1] + byl

Intermediary Inputs &y =Ly

Gross Output / Output 98 =gy = Ly

Resource Constraint 9t = et + (1 —ye)if

Inflation Dynamics =7 — gt

32We express variables as log deviations from steady state, i.e., Z; = logz+ — log 2. We log-linearize the
gross rates, which are approximately equal to the net rates. One exception are dividends, which equal zero.
We express them as absolute deviations from steady state, relative to steady state output: d¢ = (d¢ — d) /y.
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APPENDIX B: Analytical Model - Proofs
B.1 Balanced Growth Path - Steady State
B.1.1 Proof Result 1

PROOF. The first part is similar to the proof of Proposition 1 in Fornaro and Wolf (2023).
A necessary condition for individual saver and hand-to-mouth consumption to be pos-
itive is that aggregate consumption is positive. This is the case if
1—
c= Yy fﬂ@a)L+TB >0,
which holds true as 1, < 1. From Appendix A.3, we know that there exists a positive
employment steady state L > 0 satisfying

1f>:6w_1<1—a)a12“a, @)

€w
as the left-hand side is strictly increasing in L and takes a zero value for L = 0. Provided
that t/ <7 and t5 <#° steady state consumption of saver and hand-to-mouth house-
holds is positive. Additionally, a positive steady-state growth is guaranteed by

gt-1
V0,

which is the condition stated in the Proposition. As the left hand side of (7) strictly in-
creases in v, one can write L(v) with L' (v) < 0. As lirrb L(v) = o0 and li_>m L(v) =0, there
v— v (o0}

vL? ((Ya — 04 L+

L> >0, 8

exists by continuity a unique v* such that (8) is satisfied for all v < v*.33 O

B.2 Inequality On and Off the Balanced Growth Path

B.2.1 Inequality on the BGP To link consumption and income inequality, we use the
resource constraint

gt -1

y=xT+ (1 =Ny = A +(1-Nc" +

Rearranging the previous equation by using ¢ =y, we obtain

1 ¢*—1
sS_ S g
y° =c +717)\ "
S A A
c 1 g7-11 1 g°-1y 1—7y -7
ely=—w+————F=Ic+— — =T+ = =T+ A+ (1=NT

T A l—7,
slhy=—4+— .
Y ’Yc+1_)\ Ve

As aresult, this implies 'y > I'; if 7. < 1.

33The wage NKPC also admits a steady state with L = 0 that leads, however, to negative technology
growth g4 < 1 and positive hand-to-mouth consumption only if t# < 0. It is therefore ruled out, i.e., the
positive employment steady state is the unique steady state consistent with positive technology growth.
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B.2.2 Cyclical Hand-to-Mouth Consumption Hand-to-mouth consumption writes
tH o T -
cH =yl -2t =(1- a)oﬂ{a LE 4 ™.
A A
Log-linearization provides us with
~H 1 H+ H T R 'LULH ~ 17T N " R
& =g (WL7Ly + 57 ) = —gple+ g Re=npge + (1-n)7,
C C C

where we have defined the auxiliary parameter n by

wL (1= a)alQ—%L

¢ l—a)aTosr+ =
(1-a)atLs ]

b

wheren € (0,1) if T > 0.

B.2.3 Cyclical Income Inequality The aggregate income identity is given by
Mt + (L= Nyp =,

which can be written in log-linear terms as

o5 = vie =2y g
ECES S

Subtracting hand-to-mouth income results in

s oy — Oy =Nyt 1 l(A_AH)
Yt — Yt 1-N)y° 1—XyS Y=Yt ) -

Finally, substituting for g7 = nugj: + (1 —n)7#; yields

Ly
.S ~H . .
Ui — Ut —ﬁyfs((l—ﬂu)yt—(l—n)ﬁ) )

which corresponds to the expression stated in the main text.

B.3 Four-Equation Representation

B.3.1 Proof Proposition 1

PROOF. We proceed in two steps: first, we compute consumption of savers ¢; as a func-

tion of output ¢; and technology growth gﬁl. Second, we substitute consumption of
hand-to-mouth and saver households into the Euler equation. To begin with, we have

és_cét—AcHéf’_< A 1>A A 1.
=08 1-AT. "



A
The aggregate resource constraint implies §; = v.¢é; + (1 — %)ﬁ f];“H. Substituting in
for ¢; and ¢f7, we obtain

A 1 Uy 1-— g A 1

~S Yt Ye ~A ~ N
=14+ —— e PR - (nu _|_1_n7-
t < > ('70 Ye gA—lgt 1) 1_)\15(] vt ( ) t)

(I_A)Fc“r)\—)\'ﬁnugt_ (1_)‘>Fc+)\1_7c gA gA . A1 —mn) #
(1 - )‘)FCVC (1 - A)Fc Ve gA -1 b+l (1 - /\)Fc

N ~A o
=CyYt — 5ggt+1 - &7y,

where &, &, and &, denote partial equilibrium elasticities of ¢ with respect to aggregate
income, endogenous technology growth and transfers, i.e.,

(1= Mle+A1—7, g¢* A1 —1n)

(1 =Ml + A= Mex & = 0
(1-=NTe 7% g¢gd—1" 7 (1-NI¢’

€y (1= MTeve ’

&g

The saver Euler equation is given by
&5 = 3K, {éfﬂ} +(1-3)E; [cﬂl} — (b — By [Frega)) + 9251 -
Substituting in for the consumption of saver and hand-to-mouth households results in
£y = Eqiithr — Extt =SB [€y51 — Egdttn — Ennn | + (1= 9Bt [ + (L= )]
— (it — By [F141]) +§]£1_1 ;

which can be rearranged to

) - B R 1 . ) 1+&, . £ R
Ut = (8 +(1— S)EX) E¢ [§e+1] — 5*( t — B¢ [e41]) + ngéu - SiEt {924+2}
Y Y Y

Er. & (. 1—n .
R Y gy E .
+€yTt gy (8 ( 8) 57_ ) t[TtJrl]

The former equation can be restated as
Ge = CrEe [Ger1] = Grlie — Be [fera]) + Guaihs — GoBe [9fha] + Gre = GBe [l

where the auxiliary parameters are defined as follows:

(I =NTevex = (T =ML+ A = AMex)
(1 =X)L+ A= Avex

o Yex—1
(Yex—1)=1+(1-58)—"—F—,
11—y /y

gfz1+(1—§)(g—1>:1+(1—§)

Yy
(I=XNTc+ A
(I=XNTc+ A= Mex

=1+(1-3)

with the last equality is due to 7. = ((1 — \)T'c + A) %

_ (1 - )‘)FCVC

1
T T Tt A x|
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(]‘_>\)FC’YC(9A_]‘) (I=ANTe+ A1 =7 gA
146 (I-ANleelg’—D  0-Ne % g'—1
Ey (I —=XNTe+ A= Mex
(1 _)‘)Fc’Yc

Cg =

(1 - /\)Fc'yc (1 - 'VC)QA
(1= Alerelg? =D+ (L= NTe+ X (1= e)g? _ (1-NTe+A = g4 1

(g% = 1) [(1 = A)Te+ A= Mex] 1- 2y Jy

(1= Jy+ g/ (¥y)
1- 2y Jy

)

where the last equality follows from 1 — v, = £ 2};1 .

£, A =N gt 1
(L=NTe+A—=Aex vy 1=y /y
Er Me(l—=n)

T & (=MDt A=y

=g (00 e e (00t

The expressions stated in the main text follow directly from setting I'. = 1. This con-
cludes the proof of Proposition 1. O

B.3.2 Proof Proposition 2
ProOOF. From Appendix A.4 the endogenous technology growth equation is given by
G =8 —E [étsﬂ} + AE [Rfﬂ} :
Substituting in for cyclical saver consumption, ¢, we obtain
~A IN ~A A N ~A o N
Jit1=Eylt —EgGit1 — ErTe — By {5yyt+1 —&g0it2 — gTTt+1} + ME¢ [Je41]
where we have used that Ji’;“ =L;= J¢. Collecting terms provides us with

gé}-l =&yl + Eyr By (Y1) + Eg By [Ger2] — & (T — By [Te11])
where we have the following auxiliary variables

M—E,
14+& 7

g, &
57:1+€g.

fy/ = Eg’ =

R

Substituting for the expressions of £,,&,, -, and .# and setting I'. = 1 provides us with
the expressions in the main text. This concludes the proof of Proposition 2. O
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B.3.3 Proof Proposition 3

PROOF. From Appendix A.4, the log-linear NKPC is given by
AW AW T A~
=Py [7a] + 5 (SDLt + Ct> :

Substituting in for L; and é; results in

gA N
(11— 9 .
Yt ( ’Yc)gA_lgt+1>

71 = BEy 715 4] +'f<90@t + S
C

1+ e . 1= gA ~ A
K 0t — K

g .
Ye Ye gA -1 it

= BEq [} 1] +

As 7y = 7* — g{*, one finally obtains

. . 1+ o7 . 1- 4. .
it = BB [r41] G (B—n %Agi AR
e Ye g7 —1

= BBy [frr11] + Ky e + Fgdita — 37
where the auxiliary parameters are defined as follows

1= gA
A_]-.

1
Ky =K +('0%, and kg=0—k

Ve Te g

B.4 Determinacy

B.4.1 Proof Proposition 4

PrOOF. To derive conditions under which the model has a determinate, locally unique
rational expectations equilibrium, one can neglect all exogenous shocks. Based on
Propositions 1-3, the dynamic system can thus be rewritten as

G =GB (o] — Goie + Goihn — G [ 084
~A N IN ~A
Jir1 =Pyl + Py Bt [Jr1] + g, By [9t+2} )

7t = Oyt -

We proceed in three steps. First, we derive a reduced form system for the forward-
looking variables y; and g;“ﬂ. Second, we determine signs of the eigenvalue conditions.
Third, we state conditions on ¢, ensuring that both eigenvalues lie inside the unit circle.
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Step 1: Derivation Reduced Form System.

Substituting the real interest rate rule into the aggregate IS equation, we obtain
9o =GB [fr1] — dyGrfie + o — CorBe [ 4]
& ¢ = noBq [Je41] + m9i — n2Ee [?]ﬁ&} ,
where we have defined the following auxiliary parameters

S

- S
L+6yG

L4 ¢yGr

Cg’

0 .
" 1+ 6yCr

m= n2 =

Substituting the former equation into the endogenous growth equation, one obtains
941 =Py (UoEt [Gr-1] + maita — n2Ee [ﬁﬁz}) + @y B [Jeg1] + Py Ey [gékQ}
~A Moy + Py, Py, —1m2Py . [AA }

Sy = " "o, e "o, Gi+2

Substituting this expression back into the output equation, we obtain

no®, + @ R b, —nd . N
LRy (1] + ———C By [gzéﬁ-Q} — 2Ky [9212}

Ut = oKy [9e41] + 1(
¢t =10E¢ [Je41] + 1 T, Ty

B <770 —nom @y + o Dy +n1<1>y+> E, [fi1] + (771¢>QJr —mn2®y — 2 +771772<I>y> E [QA ]
= ¢ (Ut t
— n gy t+2

+me P, —
_ no ~ M Py, ]Et [gt_i'_l} + mPg, 2

E [gA } .
1—m®, 1—mo, L2

As aresult, the recursive system of equations is purely forward-looking and can be writ-
ten in a more compact form as

e\ A U1\ [ A1 Ar2 o Jt+1
~A - T ~A - A A t A A )
Jt+1 942 21 A22 9iyo
where the auxiliary statistics are given by

Mo +1m Py, mPg, —n2 NPy + Py, gy —m2Py
All: ) A12: 3 A21:7, A22:7-
L—=m®y 1—=m®y L—=m®y 1—m®y

Step 2: Sign Eigenvalue Conditions.

The dynamic system is determinate if and only if both eigenvalues of A lie inside the
unit circle. Following Bullard and Mitra (2002) and LaSalle (1986), this applies if

|A11A2g — A12A21| <1, |A11+ A2 <1+ Aj1A92 — A1240; .
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To make progress, we first rearrange A11 Ass — A12 A2 to

(no + T)l‘I)y+)((I)g+ —12®y) — (nl‘l)g+ —n2)(10®y + ‘I’y+)

A11A20 — A1 A0 =

(1- 771(I)y)2
_ 0Py, —n0m2®y +m Py, Py, —mm2Py Py, —nomPyPy, —m Py, Py, +n0m2®y +n2Py,
B (1 —11®y)2
_ 0Py —mm®y Py, —nomPyPg, +m2Py,
a (1- 7]1‘I>y)2
0Py (1 —mPy) + 120y, (1—1m1Py)
a ¢! *771%)2
_ NoPg, + 12y,
= W

Before we verify the previous conditions conditions, we state two intermediary results.
RESULT 2. It holds that sgn(A11 Az — A12A21) = sgn(¢y).

To prove the result, we first simplify the denominator of A;; Ass — A12491, i€,

G &y _ Dy Cr
L+ ¢yCr 14E; 14+ ¢y¢

l_nl(by_

Regarding the numerator, we obtain

oyt Py L [ & &8,
L+ 6,G; el NAE)

No®g, +m2®y, =

Note that the term in brackets is positive due to

E | EaM=E & M & X
1-— = >0.
it e, re, tivg e, U V13g e
Therefore, we have
1 & Eq M —E
Aq11Aog — A1gAg = —— g ~gy}
11422 12421 e Cf1_|_£g SEy s

such that sgn(A11A22 — A12A421) = sgn(¢, ). Additionally, we have the following result.

RESULT 3. Ai1 + Aaz is positive if ¢, > Qy, where@y = 14_7.5 — % (% + /f)

First, recognize that we have

no + nlq)y+ + q>g+ - 772(by

A1+ Agx = L —md
y

The numerator can be rewritten to

no + Ul‘by+ + (I)ng n2®y = [Cf + ng)y+ +(1+ ¢y§r)q>g+ - Cg’(by]

_
L+ ¢yGr
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1 — &
IETe [chr g 0 +¢y<”)1+5 1+5g]
M &y
= -1+ +(1-5 .
1+ ¢y¢; [Cf +€y+( 8)1+ ¢y<1+8]
As aresult, we have
1 M
A Agg = —— —1+=—+(1-3
11+ A2z 50 |:Cf +€y+( 8)1 +¢y<r1+€]
Note that the former expression is positive if
M &
— 14+ == 1—3 9 p—
oty TU=a g Foueg >0

which is satisfied if ¢, > max {0, Qy}.

Step 3: Derivation of HANK-GS Taylor Principle

The first determinacy condition, i.e., |A11 A2s — A12A21| < 1 is satisfied if

&y Cf—g B
¢y>1+€g{ c +&//:|.

The second determinacy condition, i.e., |A11 + Aga| < 1+ A11 A2 — A12 A9 is satisfied if

1 M _ &y M
e Cf—1+g—y+(1—s)1+ gbyCT1+g } <1+¢y§r1+5 [Cf—s—i-sgy} ,
which can be rearranged to
-1
¢y>cf Y+ 1—5)E,] . .

r

As aresult, model dynamics are locally determinate if

& Cp—s ¢r—1 ~
¢y>max{¢y,1+9€g[ a +s///], C +[1+(1—s)é’g]///}.

Note that we recover the case stated in the main text when Qy < 0, which applies if (; >
« &

B.5 Progressive Redistribution According to HANK-G
B.5.1 Proof Proposition 5

PROOF. Subsequently, we provide a proof for every statement of the proposition.
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Statement (a): In a HA model (¢ = ¢ = 0) with flexible wages, the labor supply decision
of unions is characterized by

Ew—]. 2a

(1-a)aT-a

Y.
Z/Lt Ct =
€w

which equals to ¢L; + ¢, = 0 in log-linear terms. As §j; = L; = ¢ applies, the labor supply
equation implies M, = 0. The aggregate IS equation then provides us with the associ-
ated (real) natural interest rate.>*

Statement (b): In a HANK model (¢) = 0), the equilibrium dynamics are summarized by

Gt = CrEe [Je41] — G ('zt — By [frt+1]) + Gt — By [Tega]
%t = Et [’fl’t-y-l} + ¢y.@t )

Note that ((f,(r,(r, (/) are now defined under . = 1 as ¢; = ¢; applies. The impact
output multiplier is given by

_ Cr — PG
M= 106,06 —p6;

The sign of the denominator is positive if ¢, > (p-(y — 1) /¢, which is for p € [0, 1) guar-
anteed by local determinacy, i.e., ¢, > ((y — 1)/(,. As a result, the sign of M, is deter-
mined by the sign of the numerator. We obtain

where the second equality follows from substituting in for £, and £;. As aresult, we have
¢r — pC» > 0 where the positive sign follows as n € (0,1) and x < 1/\. Consequently,
M, > 0 holds true.

Statement (c): Tn a HA-G model with flexible wages ( = 0), the equilibrium dynamics are
summarized by

& M —E & £

~A Yy o~ Yy ~ g ~A T ~ “

- E _%9 g %" (#%-E

G =1 Mt g, [Gea] + 1+&, ' [gt“] 11¢&, (7o = B [fra])
A

N N g N
Yt = YeCt + (1 — %)ﬁgﬁu ,

OZQDi/t+ét.

34Note that the result does not rely on the assumptions regarding union wage setting. Specifically, in an
alternative setup in which households choose their individual labor supply, we would obtain in log-linear
terms <pﬁ§ + & =iy, for i € {H, S}. Aggregating over household types and abstracting from steady state
consumption inequality yields, as above, oL + & = ¢ = 0.
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Using §j; = L;, output and technology multipliers are given by
_ 1—7c gA
L+ ¢ve gt —1

gy(l—p)+p=///M . E(1-p)
1+&(1—p) 77 1+&L—p)"

Y g

Mg:

The first equation implies sgn(M,) = sgn(M,). Substituting the first into the latter
equation provides us with

Ao gt &0 -p+pd _ &(-p)
T+evegh—1 14+E(1—p) g 1+ E(1—pr)°

The sign of the right-hand side is negative. As a result, sgn(M,) > 0 if
(14970 (9 =1) 1+ &1 =) = (1= 7e)g” (&, (1= p) + pt) |
A
(1+¢7e) (g - 1) Ey(1—p)+ptt
(I=v)gt = 1+&(1—p)
The derivative of the right hand side with respect to p is given by

Ey1—p)+pt
(et ) _uren-s,

€)

o &)

There are two sub-cases. First, when .Z (1 + &,) — £, > 0, equation (9) holds for p € (0,1)
if

(1 +(<i7j)7(;;:A— 1) ey - %ﬂc (gA _ 1) >gd 5.

The previous equality can be rearranged to

1—v1-5

A
>14+ _—
g Ye l+o

The resource constraint implies 7. = 1 — (¢ — 1) /(1Y L). Substituting into the previous
condition yields

which can be rearranged to

Aop (1 1) g 118
VY, L VYol 14 ¢
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1 A 1-5
s 1> 14—
wYaL<g 1+<p)
1-8 _ 4
1 Y.L - —— .
& 14+9Y, 1+<p>9

Using g# = 8(1 +¥©,L), we can rewrite the previous equation as

1-3
B+ Oal) <1+ 9ol — 1

& (Ya—BOL)L> (1- ) H@—ly

which is always satisfied as Y, — 80, > 0 and the right hand side is strictly negative.
Second, when .7 (1+ &,) — £, < 0, equation (9) holds on p € (0,1) if
A
(1+<mc)(g —1>> &y _ (1= MTe+ A — Mex gt -1
_ A 1 . A
(1=1c)g e 1w, (1}) A1 =7 9

After some tedious algebra, the condition can be rewritten as

1
(=rere (1= 75 )+ |- re (1= 25) +0 =90 o> =t =0,
which is satisfied as 0 < x <1/(Mye). O
B.5.2 Proof Proposition 6

PrOOF. Under the full HANK-G economy with a real interest rate rule, equilibrium dy-
namics are summarized by

Ge = CrBa 1] — 0o + Codtn — CorBe [98ka] + Gt = GrBa [l

& M —E & &
AA Yy A y IN g ~A _ T
Gi+1= 77 g, Ut + Et [gt+1] + E¢ [91&—&—2} 1+,

1+, 118, (Bt [72] — B¢ [Fe1]) -

A. Output and Technology Multipliers.

The impact multipliers are
(1 + (by@ - PCf) My = (Cg - P(g’) Mg + G — pCrr
Mg =AMy = Ar,
where we have defined the auxiliary parameters

Ey(1—p) +pt
1+ E,(1—p)

87’(1_10)
>0, Ar=——"7F7—"F"—>0.
1+&4(1—p)

Ay
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As aresult, the output and technology multiplier becomes
__ - (Cg - PCg’) Ar + G — pCrr
1+ ¢yCr — PCf - (Cg _pgg’) Ay ’
_ (CT - PTCT’)Ay - (1 + QSyCr - pCf) Ar
g 1+¢y€riﬂ<f*(<gfpgg’)/\y

B. Sign Denominator Multipliers.

My

Next, we show that the denominators of both multipliers are strictly positive if the Taylor
principle applies. To see this more clearly, we write the dynamic system as

Ut Et [§t+1] .
. =Ar " +Brt,
<9ﬁ1> (Et [Qﬁﬂ)

A 1 <n0+m¢>y+ 771<I>g+—772>

where

T=
L=m®y \noPy + Py, Py, — 2Py

B, 1 <B11> 1 <173 —m®r +p [MmPr, — ) ) .

T1- 771<I>y Bay S 1- 771(I)y 773(I)y —®;+p [<I)7_+ - 774(1)1/]
Note that the additional auxiliary parameters are defined according to

- & S G <
T4 1+(€g» 13 N4

<I> :(I) 9
T 1+ dyGr

AS E¢ [j141] = pir and E¢ [g{ 5] = pg{’, hold on the equilibrium path, we have

( bt )Z(Iz—PAT)lBTft

9t
_ 1 1—pAzs pAr .
- 2 Br7t
(1= pA11)(1 — pAg2) — p°A12Az; \ pA21 1—pAn
— 1 1 (1 = pA22)B11 + pA12B2y N
(1 —pA11)(1 — pAga) — p?A19 Ay 1 =@y \ pA21B11 + (1 — pA11) B2y

After some tedious algebra we have

Qg — 2Py

1 —pAss)B11 + pA Blz(l—
( P 22) 11 T pA1252 P 1—771<I>y

> (13 —m®r +p [MPr. —1n4])

771(1)9+ — 12

1— nl‘I)y (773q>y —®:+p [(I)’Dr - 774q)y])

= (13— pna) (1 = p®g, ) = (m — pn2) (@7 — p®7, ) .
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Substituting in for the auxiliary parameters yields

_ 1 3 (17/))57'
—H%{(CT—PC—H) <1—Pl+gg >_(Cg_p<g’)%}
_ 1 1+(1 g{
1+ ¢ylr 1+5

(1 —pA22)B11 + pAi12Ba1

pCT (Cg - p<g/) AT} .

As 1 — 1 ®, > 0 applies, this implies that sgn(M,) = sgn((¢; — p¢r) — (¢g — pCyr) Ar) if
det(I2 — pAr) > 0. To show the latter statement, note that

1 & M
A11Azp — A12A — =
11422 12421 = ¢y<rl+g {Cf s+s€y}>0

+ ¢yCr——2 1| >0.

M
A1+ A =—+ —14+=4+(1-
11 22 [Cf (1-8)—4 1 5

cbyCr &y

where the strictinequalities are due to the determinacy conditions. Moreover, we rewrite

1+€

det(Iy — pAr) = (1 — pA11)(1 — pAgs) — p*A12 Ao,
=1—p(A11 + Ag2) + p? (A11 422 — A12421) .
As A1 + Age > 0 applies, we obtain
det(Iy — pAr)=1—p(A11 + Ago) + p? (A11 A2 — A12As)
>1—p(1+ A11Ags — A19A21) + p* (A11 A2z — A12A21)
=(1=p)[1 = p(A11A22 — A12421)]
>0,

where the first strict inequality is due to the determinacy condition A1; + A2 < 1 +
A11A22 — A12A21 and the second strictly inequality is due to the determinacy condition
A11A92 — A2 A21 < 1. As aresult, this implies that

sgn(My) = sgn((Gr — pGrr) = (o = plyr) Ar)
sgn(My) = sgn((¢r — prér)Ay — (14 dyGr — pCp) Ar) |
which is equivalent to stating

L+ ¢y — pCr — (Cg_PCg’)Ay>O-

C. Sign Numerator Multipliers.

The sign of (the numerator of) M, is
sgn (My) = (r — plrr — (Cg — pCyr) A

¢

Er Er 1-n 1+&, &gl &(1—p)
= — — 0— 1— — —_ —

g, pgy( (=5 ) [ g, e 1ve,—-p)
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oo i (s- -9t ) s a-nae, o)
- arsa- [i-a-9t -,
:ZH({M{1—§—(1+@(1—p)) [—(1—5)1&77”

& p1-3)

1—A
— gy%(l_m{u[uegu—p)} )\FC}.

It follows that sgn (M, ) = 0if p=0 or § =1 and sgn (M,) > 0 otherwise. Regarding the
sign of the technology growth multiplier, we obtain

sgn(Mg) = (¢r — prior)Ay — (1 + ¢y — /’Cf) Ar

&

1+&4(1—p) 1+&4(1—p)

R eyt el Gt b | R BBV (TS S

The sign of the previous expression is determined by the term in brackets, i.e.,

sen(My) = [1-p (5= (1= )| 1619+ ptl] = (1= ) (14646, 061

T

- [1p+p<1§>““;”rﬂ €4(1— )+ pt]) — (1 p) (14 By — Cs) &

At (=N

=(1—p>5y{1—p+p(1—§) (1+¢y<r—pCf)}

+ {1p+p(1§))\+(1)\_)\)rc} pM
—o1-pg g -1+ -9 AT - 0 gy,

+ {1p+p(1§))\+(1)\_)\)rc}p///
= -9 (E 1)+ -9 R 0,
+{l_p+p(1_~))\+(1)\/\)1“c o

A+ (1= AT,

— p(1—p)(1-3)

—(1=p)oy + {1—p+p(1—§)w} p M .

AYe A
This equation defines a cutoff value ¢}, such that sgn (M) ; 0if ¢, § ¢y Itis given by

A+ (1-NT

. AL (1-ANT. p
d)y:p(lis) )\'Yc

C+[l+(ls) X T

22
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It is straightforward to verify that ¢}, is strictly increasing in p. Alternatively, the former
equation defines a second order polynomial in p, i.e., ap® + bp + ¢, where we have the
following auxiliary parameters

aE—(l—é)M(l—J//)—//{<O,
A Ve

A+ (1=NT,
b=(1-8)—————+ ¢, + 4 >0,
(-9 e
sz¢y<0,

where the first inequality follows from ~. € (0,1) and .# € (0, 1) and the second and third
from ¢, > 0. The determinant of the second order polynomial is

A+ (1-N)

r
+ 4y (1 - 3) 3 S >0.

A (1= M\ ?
AMYe

A:b2—4ac=<///—¢y+(1—§)

As such, the second order polynomial has two real valued roots that are given by

—b+ V/b? —4dac pmin _ —b+ Vb% —4dac < s _ —b— /b2 —dac
2a 2a

with
) 2a ?

p=
where the inequality is due to a < 0. Note that 0 < p™" < 1 as
—b+ Vb2 —dac<0 < 4ac>0,
b+ Vb2 —dac>2a < Vb2 —dac>2a+b 0>ala+b+c),

where the last inequality is satisfied as « < 0 and

A+ (1=NT,

Moreover, we have p™%* > 1 due to

—b—Vb2 —dac<2a & —Vb2—4ac<2a+b & 0>ala+b+c).

As aresult, the persistence cutoff is

2
- {(175)7’\“;;”“ +¢y+/z} +\/(ﬁqﬁy+(1§))‘+(iv )‘)FC> +4¢y(1—§)7)‘+(1; ML,

. 2{-(1-5)7”(1”)rc <i—(//>—/4

A Ye

The comparative statics of p* with respect to ¢, are given by

Op” _1+A_% {_2 (jf—¢y+(1—§)W)+4(1—g)w%
96, 2[(15’)@@%)4
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As a result, we have 85) > 0 if

A (1= NI,

AT >2(1 - 3) :

M~ (%—¢y+(1—5)“<1%> .

Ve

This condition is obviously satisfied when the right hand side is weakly negative. In the
reverse case, we can rewrite

A+ (1= MNT,

- )\+(1—>\)Pc>r’

A>|2(1-3) ///<///¢y+(1§)

which can be simplified to

0>(1_5)w </z—1>—///,

which holds true as . € (0,1) and .# < 1. O

B.6 Generalization: Government Spending Shock and Unequal Tax Incidence

B.6.1 Proof Proposition 7

PRrOOF. The proof proceeds in several steps. First, we derive expressions for hand-to-
mouth and saver consumption. Second, we provide the new DIS and EG equations.

Third, we compute output and technology multipliers before we finally derive condi-
tions that determine their respective sign.

A. Policy Functions. Under this formulation, we obtain for HtM consumption

tH 2a T T
cf:thf{—tT:(l—a)alfaLH—ﬁ—X—TpstG.

Log-linearization provides us with

. wLf
el =

'T T Y
L *ycst = uLthp 78 777'“%&*7657&,

where 7) is defined as before, © =\ + (1 — \)T',, and 5§ = (s§ — s&)/y. The aggregate
resource constraint now reads

A
A o g N o
Gt = Vel + (1 — ’YC)ﬁgéH + s?
and saver consumption becomes
A1 (o -89 1- A A1 T
.S Ut t Ye 9 A ( N 2 AG)
=11 — - - - =0

1 < +1>\Fc) ( e ~e gA 19t+1> 1-AT, Nyt 3\ Eh

. .~ A Ne.
=CyYt — 5ggt+1 — &8¢,
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where &, &, and &; are

(T=XMTc+ A= Myex

Ey = ,
Y (1 —=M)leve
5:(1—)\)Fc+)\1—% g4
7 (I-=NTe Ye gA—17
o 1 A+(1=NT
53 = (1 — )\)FC < e @Tp) .

B. DIS and EG Equations. The saver Euler equation is given by
&5 = 3R, [éf+1] +(1-3)E, [c{il} gt
Substituting in for the consumption of saver households, éf , results in
Eyi — €4t — E65F = SB[y — £00i — Eu5Fy1 | + (1= B¢ [xder — LO5E,
— P+ fhéu )
which can be rearranged to

R X 14+ & ~5 R
Ut = < (1-35) > [Gt+1] — V"t + 5 9t+1 gg E; [gﬁ_z}
y Y

+ < 1-352 @)Et[sm}.

The former equation can be restated as

(\’)

e = CrBe [Ge1] = Gre + Codin — CorBe [0t + Goe — CoBe [364 ]

where (;, ¢, (g, (, are as before and the new auxiliary parameters are given by:*°

_55 _ Tp@

Similarly, substituting the consumption policy function into the growth equation yields

ARES T iygg Ut + /1//+—g B¢ [Ge41] + 1%591& {Qﬁz} 1 if (Et [ ] E¢ {5t+1}) :

35These expressions can be further simplified (see Appendix C: Additional Theoretical Results) using the
relation v.© = 1, which holds true as ' = 1 implies I"y, = (1 — Av¢)/[(1 — Ae)vye)-
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C. Output and Technology Multipliers

As aresult, the impact multipliers are

(1 + (byCr - PCf) My = (Cg - ng’) Mg + (s — pCsr

My =AM, — A,

where we have defined the auxiliary parameters

Ay Ey(L—p)+pt 0. A= E(1—p)

1+&(1-p) T+ E(L—p) T
As aresult, the output and technology multiplier becomes
M, — <s _p<s’ - (gg - ng’) Ag
Yy ’
1+ ¢yCr — pCy — (Cg - PCg’) Ay
M., — (Cs - PCS’)Ay - (1 =+ ¢y<r - pCf) A
7 1+¢y§r_P<f_(<g_PCg’)Ay 7
where, in case of ', = 1, the auxiliary variables are given by:
_1-7
Cs = = ey’
B R
(o = (5+(1 s) 5y 1_Tp>Cs,
€= (g% — D1 —7)
s — bl
gA(l —Ae) +7e(A—=1)
As=1-p)&s/(1—p&y) .
D. Sign Output and Technology Multipliers.
The sign of M, is
sgn (My) = Cs — pCsr — (Gg = pCyr) As
_& & O _[1+E& & & —p)
_gy pgy (S+(1 )/\gs> [ Ey Sgy 14+&4(1—
_& ! A+ —-p) [1-p(s5+1-522
T 1+ E,(1—p) g\= P p N &
Es P ~Tp 5
== 1—(1 1— 1-5)2=|+(1—
B {i-arsa-m o902 g va- e, |
Es p . .\ Tp O
== 1-5-(1 1—p)(1-3-2=
e ran-no-92¢
& p1-3) 7 ©
== 1-[1 1-p)| 2=
E1+60—p| 1T eld=rlve

>0.



1 p1-3)

“5 g el Yo

It follows that sgn(M,) = 0 if p = 0 or 5 = 1. In all other cases, the sign of the output

multiplier is determined by the sign of the term in brackets, i.e.,

A (1T, 1 14+&,(1—p)
T AN ((1—)\)FC + 3 )GTP’

-
Es — [1+5g(1—p)]7p@:

which is strictly positive if

A+ (1= AT,
. 1 (1 =XTeve
T;IJ<T]J:@ 1 +1+Eg(l—p)'
(1-NTI, A
In the case of T'. = 1, we obtain
1
1 Ve A
Tp < —= = <l1.
61 1—-A 1— A
SHA=-p—"& 14+(1- Je 9
A A ( 2 Ye gA—l

To determine the sign of the technology growth multiplier, we compute
sgn (M) = (G — pCor) Ay — (14 ¢yCr — pCr) As

& & (. A Tp O] &1 - va &1 —
=|2- —<s+(1—s)%ﬂ?>}M_(H%Q_pg) (1-p)

g g, 1+ &,(1-p) T E0-p)
RS S P §+(1_§)T£9 (€,(1— p)+ pt] — (1= p) (1 + 6y o — pCs) E
T 1+ E,(1—)p) P O3e )| Et=pFr p WG — pCr) Ey b -

We can simplify the term in brackets further to

1o (5+ -9 ) |16 - 0+ p1 - (1= ) (14 06— 067) &,

- |:1—p+p(1—§) <1—TA”2>} [£y(1 = p) + ptl] = (1 = p) (1+ yCr — pCy) Ey

=(1 —p)é’y{l —p+p(1-3) ( - Tf?) = (L4 0y —PCf)}

(C)

-
1-— 1-8)(1--2=
+{ p+p( 8)( ).
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=g a9 (E-1)ra-9(1-22) 0=,

+ {1—p+p(1—§) (1-?2)} ptl

—p(l—p)(l—é){x—ﬁi\@?:}—(1—p)¢>y+ {1—p+p(1—§)< —T;?ﬂ pA .

As aresult, the sign is given by (multiplying by £, from above)

o= n-9{xe. - 228 b - 1= o, [0 pe o5 (8- B2)]
Collecting terms yields
(91— p)(1 = D)+ (1= p3)pM — (1 )i, € — p(1 — 5) L= Do TP Mg

A

Substituting in for £, delivers finally an equation of the form Z; — =207, where

E1= m (p(l =p) A =3)x+ (1—ps)pM—(1- p)cby) 7
Zy=p(1 -5 LS T <p<1 (1= 8)x+ (1= pR)pM — (1 - p)asy) .

From here the following case distinction applies:

[1]

g
V
o

1. ¢y > ¢, implies Z5 < 0 and Z; < 0. Thus, we have M, Z 0if 7, = & 1

2. ¢y = $y implies =, = 0 and Z; < 0. Thus, we have M, < 0.

3. ¢, > ¢y > ¢, implies =, > 0 and Z; < 0. Thus, we have M, Z 0if 7, S § =L <0.
4. ¢y = ¢, implies =, > 0 and Z; = 0. Thus, we have M, Z0if 7, S0.
5. ¢, > ¢, > ¢, implies = > 0 and Z; > 0. Thus, we have M, Z 0if 7, S §EL > 0.

Statement (a). In the case of § = 1, i.e. for a TANK model, we obtain

where the signs follows from the determinacy condition. Moreover, for p = 0, we obtain

2=

A+ (1 =N, - 1
[ R A

(1]

1=

As a result, we obtain for both cases that M, = 0 if

_)\—|—(1—/\)Fc 1 A+(1-=NT,
Oc Ve A+

AIV

Tp

Q| =
[1]‘ [1]
N =

I

\

I

—_
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As aresult, demand effects are never strong enough in a TANK economy, such that tech-
nology can only increase if one redistributes sufficiently towards savers, i.e., we are in a
regressive regime.

Statement (b). In the first case ¢, > Ey, the tax threshold is given by

A (LT (e (p(l—p)(1—5)x+(1—p5)pM—(1—p)¢y>

Tp = o7,

?
= p(l—p)<1—§>><+<1—pé)pM—(l—pwy)+p<1—§>“’”‘iy*”M

which can be rearranged to

p(l—g) (1_P)iy+PM

ey (p(l—p)(1—§)x+(1—p§)pM—(1—p)¢y> +p(1-5)

Tp=1-— >1,

(1—p)Ey+pM
—x

which implies M, <0 on 7, € [0,1]. Additionally, ¢y, = ¢, implies M, < 0. Moreover, for
by > by > d) we have M, <0if 7, > @ 1, which is satisfied throughout on 7, € [0,1] as
1 “1 <0in thls case. For ¢, = ng = ¢y, we obtain M, =0if 7, =0 and M, <0if 7, €

(0 1] Finally, ngy > d) > ¢y 1mphes /\/lg 0ifr, = STy = é:l € (0,1). To show that 7; < 7
note that the technology growth multiplier writes M, = Ay M, — A, where A, > 0 and

N e B B S R A O
AS_1+59(1P)_1+59(1p)(l)\)f‘c< Ye ®p>
(i-p ®

“1T&,0-pa—nr, =20

As a result, M, can only be strictly positive if M, is strictly positive. This implies 7, =
& 2L <7, < 1, which concludes the proof. O

B.6.2 Proof Corollary 1

PrROOF. The output response at period ¢ + z is In (%) = p*M,, respectively the en-

A
dogenous technology growth response In (g“griﬁl) = p*M,. As aresult, we have

Iyt =Iny+p" My,
Y. =mnA . +Iny+p° My,
Ingh .1 =Ing?+p* My,
InAii,r1=InA1,+ lngA +p*Mg,.
Consequently, we can rewrite
InYiy,=mmA.+Iny+p*M,
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=InAiy, 1 +1ngA —I—pz_l./\/lg +Iny+ p* M,

z—1
=InA:+ Zpi./\/lg +2lng? +Iny+ p* M, .
=0

NS
In the absence of shocks, we have In (yty“> = 0 such that we can state

lnyﬁi:lny & lnYtjilenAﬁi—|—lny:1nAt—|—zlngA—|—lny.

Using the former expression, we can rewrite

z—1 |
mYA?S + 3 piMg+p* M, for p>0
lnYH_Z = =0

YA + My for p=0
such that the permanent output loss under a persistent shock with |p| < 1 is

_ My
=125

lim (mYHz “In Ytﬁif)

Z—r 00

In the case M, > 0 and M, < 0, a short- vs. long-run stabilization trade-off occurs. Us-

z—1 . z
ing the relation that ) p' = %, the time span 2 is thus implicitly defined by
i=0

1-p° 5 5
1fpp/Vlg‘|‘PZ/\/ty:0 & P ((L=pMy—Mg)=-Myg,

which can finally be rearranged to

1 In (1—(1—p)j\\jy>
pPr=——--— & i=- 92 >0.
My In(p)
1*(1*0)/\/7
g

Applying the ceiling function [-] delivers the expression for z* stated in the main text.
O

B.6.3 Proof Proposition 8

PROOF. We begin with statement (a). For p = 0, Proposition 7 implies M, = 0. As a
result, any tax incidence maximizes the impact output level InY%, i.e., 7,"*(0) € [0, 1].
For any z > 0, the output level can be written as InY;, =In A; + zIngd + Iny + My.
Maximizing the level of output is therefore equivalent to maximizing the technology
growth multiplier M. Importantly, only its numerator depends on 7, in a linear way,
i.e, 21 — 5107,, where =1 < 0 and Z3 < 0. As a result, M, and InY}, . are maximized
under 7,%(z) = 1 Vz > 0. Similarly, when 5 = 1, we obtain for any p that M, =0 such
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that 7,%(0) € [0, 1] follows. For any z > 0, however, the output level is now given by

z—1
InY;4,=InA; + zlngA +Iny+ Z pi./\/lg +p* My,
i=0
which is again equivalent to maximizing M, with respect to 7,,. As before, only the nu-
merator of M, depends in a linear way on 7, i.e., =1 — 2107, where Z; <0 and 23 < 0
and the result follows.
To prove statement (b), recall that the denominators of M, and M, are equal and
independent of 7,,. Moreover, their numerators are given by

1 1 -

NU(My) = ?759(1 p) p(l - S) [Al - AQGTP] 5
1 1 - =

NU(MQ) g 1 +5 (1 ) [‘—‘1 - ‘_‘2@TP] )

where =; and =5 are defined in the proof of Proposition 7. The other both auxiliary pa-
rameters are

A (1= N, | 14 &(1—p)
——— >0 Ay =
(1 - )‘)Fc’}/c - 2 (1 - )‘)Fc * A

Additionally, using the rules for geometric series, we can rewrite

A= >0.

_ 4
L0y,
p

InYiy, zlnAt—I—zlngA +Iny+ p* M, + -

Consequently, we obtain

n (31n)@+2
07p

z

. 1—p°_
=—p*p(1 —5)As — 2.
) ==rolt - - 22

From here, we distinguish two cases. In the first case, 0 < ¢, < ay implies =5 > 0. As
a result, sgn (81%73*2) < 0 such that 7;"®(z) = 0 Vz > 1. Moreover, maximizing InY; is
achieved by maximizing M,, resulting in 7,;"**(0) = 0. Taken together, we have 7,0%*(z) =
0Vz > 0. In the second case, ¢, > $y implies Z2 < 0. As a result, the overall sign is am-
biguous, i.e.,

N OnYiiz _ P =p)(1 =3)As —
07p 1—p

—_
—
=92

p(1—p)(1—38)Az — E2

AV
jen}

[+

The term in brackets is zero for z = z, where

N (‘pu - p><152§>A2 - 52>

zZ= >0.
Inp

As a consequence, we obtain sgn (%) < 0 and thus 7"(2) =0V 0 <z < 2,

sgn (81%72“) = 0 and thus 7,7%(2) € [0,1], and sgn (612}#) > 0 and thus 7,"%(2) =
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1Vz > Z. As before, for in the case z = 0 maximizing In Y; is achieved by maximizing M,,
resulting in 7,"®(0) = 0. This completes the proof. O
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APPENDIX C: Additional Analytical Results

The following proposition presents results on the aggregate effects of a government
spending shock in the case of 7, € R and, thus, generalizes the proposition presented
in the main text. The corresponding proof is contained in the one of Proposition 7 and
provided in Appendix B.

PROPOSITION 9. The impact multipliers to output and technology growth following a
government spending shock are given by:

M, — Cs — pCst — (Cg - ng’)As _ (Cs — PCs’)Ay —(1+ byCr — p(f)AS
Y14 ¢yCr - pCf - (Cg - PCg’)Ay ’ g 14+ @yCr — PCf - (Cg - p(g’)Ay ’

where we have used © = A + (1 — \)I'y to define the new auxiliary variables

C_lffych@
Tl = Aex
1—-A 7,0
)= 1— P s
o= (s 0= 2 5 )
1 =770

s = Ail ’
L= )gA(l - /\70) + 70(/\ - 1)

As =1 —=p)&s/(1 = p&y) .
(@) Ifp=0ors=1, government spending has no effect on output, i.e., M, =0, but has
an ambiguous effect on technological growth, i.e., M, E 0if E 1/(07.).
(b) If p > 0 and s < 1, government spending has ambiguous effects on output, i.e.,

My§0if

)‘/'YC
1—¢ gA
Ve gA —1

]

€(0,1).

]
Il
ol

<
VIA

1+ (1—)p)

Regarding the response of technology growth, there are three regimes:

(R1) For ¢, > ¢,, one obtains My = 0 if 7, = 7,1, wheret}; € R . Additionally, for
¢y = ¢,,, one obtains My < 0.

(R2) Forgy > ¢y > Qy, one obtains M, z 0ifrp § 7", wheret;* € R_.

(R3) For ¢, > ¢ > ¢y, one obtains M, Z 0 if 7, S 7%, where 7;** € Ry.. Addi-

tionally, for ¢, = Qy, one obtains M E 0 ifrp § 0.
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APPENDIX D: Quantitative Model

This appendix provides the complete specification of the extended HANK-G model
whose key features are summarized in Section 4 of the main text. Appendix D.1 describes
the full model environment, Appendix D.2 states the definition of the BGP equilibrium,
Appendix D.3 details the labor-market splitting rule and the calibration of the incidence
functions, Appendix D.4 provides the impulse response functions, and Appendix D.5 de-
rives the welfare criterion. Finally, Appendix D.6 explains the computational algorithm,
while Appendix D.7 presents additional results on debt financing.

D.1 Full Model Environment

Since the main text presents a condensed version of the model environment (see Section
4), we spell out the full specification below. As in the main text, the model is stated in
stationary form.

D.1.1 Households Household i’s utility depends on consumption c¢;;, hours worked
¢;t, and employment status e;; € {0, 1} according to:3¢
"R V(eitfit)lw

C.
U(cit, L f.) = it
(Czt €it zt) I—o 1+o

A time-invariant share A g of households are potential entrepreneurs; the remainder are
workers. Both types supply labor hours ¢;;, face idiosyncratic labor income shocks to
productivity h;; and employment status e;;, and differ in their discount factor 3;;. Work-
ers save only in liquid assets b;; = B;;/A: > 0. Entrepreneurs additionally accumulate
an illiquid stock of normalized innovation capital a;; = A;; /A > 0, representing knowl-
edge, patents, and entrepreneurial skills, which depreciates at rate 5. Note that the
union’s utility cost is added to the flow utility above when computing welfare.

Agents die with probability p,; each period and are replaced by newborns with zero
wealth who inherit their parent’s entrepreneurial type, while 5 and & follow their Markov
processes. Bequests are fully taxed; innovations vanish upon death.

The vector of exogenous states is 8;: = (Bit, hit, €4t Hf ), where Hf = 1 flags a potential

entrepreneur. The joint distribution over assets and exogenous states is m(a;¢, bit, Sit)-

Idiosyncratic heterogeneity and Markov processes. 'We now details the process behind
the three dimensions of persistent heterogeneity: the discount factor f;;, idiosyncratic
labor productivity h;;, and employment status e;;.

1. Discount factor. To generate a realistic cross-sectional distribution of marginal
propensities to consume (Carroll et al., 2017), the discount factor takes three val-
ues, Bt € {BL, B, B}, with B = By — AP and By = Bar + AP. Transitions are

36 : . e 1—g|cl™° (esnbi)tH® o

The corresponding non-stationary utility is A; T - V% , so the disutility of labor

vA; ™7 scales with technology.
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restricted to adjacent types, so the Markov transition matrix P? satisfies

Br By Bu

BL ps l—ps O

B — 1— 1—
P Bar 2173 s 217,8

Bu 0 1-pg g

2. Labor productivity. The logarithm of idiosyncratic productivity follows an AR(1)

process with autocorrelation p;, and innovation £”,:

log hi ¢+1 = pploghis + el | el ~N(0,07).

We normalize [; h;:di = 1. In the numerical implementation this process is dis-
cretized using the standard Rouwenhorst method into the ten productivity groups
{h1,...,h10} described in Table D.1, with transition matrix P" (h;1 | h¢).

3. Employment status. Employment e;; € {0,1} evolves according to a type-h transi-
tion matrix that is allowed to vary over time:

etr1=0 etr1=1
ee=0[1-PF(1]|0;h, Pg(1]0;h;
P§(- | hig) = t F(1] it) F(1] it) ’
er=1 P¢(0 ] 1; h4e) 1—=Pg(0|1;hs)

where P¢(1 | 0; h;¢) is the job-finding probability and P§(0 | 1; h;;) is the separation
probability, both depending on productivity type h;;. Their steady-state values and
cyclical calibration are described in Appendix D.3.

D.1.2 Entrepreneurial Innovation. By investing an amount z;; = I;; /A, entrepreneurs
generate innovations with success probability

C(wit) =1 — exp(—yxit) -

A successful innovation raises the entrepreneur’s knowledge stock by a fixed step nA;,
where 7 > 0 is the step size and A; the aggregate stock of innovation. Independently
of the investment decision, realized innovations are scaled by an idiosyncratic success
shock ¢;:+1 ~ F,, which generates heterogeneity in innovation outcomes and hence in
entrepreneurial income: investment does not always translate one-for-one into a real-
ized innovation, and large realizations can occur even with modest investment.

Letd; ;11 € {0,1} indicate whether the innovation step is realized. Then normalized
innovation capital evolves as

i1 (1= 0N aie + ndip
Ait+1 = A ’
Ji+1
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where gﬁ}-l captures aggregate gross technology growth (obsolescence of the innova-
tion relative to the average one) and ¢ is the depreciation rate of innovation capital.
Equivalently, by case distinction:

ait(1— 6%+

Lit+1 T7 with prob. {(z;;),
t+1
Ait4+1 = A
i(1—90 .
Lit41 a”(gA), with prob. 1 — {(z;).
t+1

D.1.3 Income. With zero distributed dividends, household income before personal
taxes is the sum of labor income, entrepreneurial income net of corporate taxes, and
bond income

yir = [(1 — eit)s + eit) wehirliy + 15 (1 — 7o) R @iy +re—1bit (10)

where wy = W, /A, is the real wage, ¢ denotes the unemployment replacement rate if
unemployed (e;; = 0), ]Iit indicates the entrepreneurial type with return Rt =0O,L¢, Te
is the corporate tax rate, and r;_; = R;_1 /7 — 1 is the net real interest rate between ¢ — 1
and ¢. The household budget constraint is

Cit + Tit + gii1bit+1 =it — T (yit) + bit
where ¢;y = Cy /A and T (y;;) is the tax-and-transfer schedule.

D.1.4 Household Problem. The household’s recursive problem is

V(ait, bit,8it) = max Ulcit,einlit) +Bi  E [H V7 (ait, bit+1,Sit+1 it )+
bzzlg’o hit41,Bit+1,

citt (1-T; )V(O,bit+17sit+1)}
subjectto  cit + it + giy1bitr1 = yir — 7(yit) + T(yie) + b, and  (10),

where Bi; = Bi(1 — pd)(gﬁ1)1*0 is the growth-normalized discount factor. The en-
trepreneurial continuation value from innovating is

. _ A
V¥(ait, bit41,Sit1 | i) = /{(1 - C(xit))V<%J%),bit+1,Sit+1>
L

+C(:Eit)V(m”(15)+n bzt+1aslt+l)i|dFL(L)'
9t+1

D.1.5 Unions and Phillips Curve Nominal rigidity is introduced through union wage
setting. Each union & chooses its wage W}, to maximize the utility of a quasi-representative
member, subject to quadratic wage adjustment costs that enter utility directly:

5 (1) <-4 (2]
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_ 1
where the demand for employment tasks is Ly; = (WW‘?) ‘ L;and W; = ( i Wklt_e’” dk) frew
is the price index for aggregate employment services. Under the above specification, the
Phillips curve is given by

%”Lt <V’(Lt) - u/(Ct)wt(ﬁwei;I) <1 - 82(;;5))) — ¥ — g4) - BEs [Wﬁrl(ﬁ%ﬂ“ - gA):| '

The steady-state is characterized by

L= <”/<C)wtewe;1 (1 - 378'8/))) |

D.1.6 Labor-Market Splitting Rule. Off the balanced growth path, unions distribute la-
bor adjustments across productivity types and between the intensive and extensive mar-
gins according to a simple splitting rule. For each productivity type h, total efficiency-
weighted labor is given by

LI =h(1 —ulyeh.
We assume that deviations of labor at type A from its steady-state level satisfy

ALP =L} ~T'=u()(L~T),  with /h u(h)dFy(h) =1,

where T and Z" denote steady-state aggregate labor and steady-state labor for produc-
tivity type h, respectively. The function p(h) therefore governs how aggregate labor fluc-
tuations are distributed across productivity groups.

Within each productivity type, all employed workers supply the same number of
hours, and steady-state hours are common across types, so that ¢ is type-specific off
steady state while 7" =7inthe steady state. A lottery then determines which households
are employed and which are unemployed.

We further assume that unions split changes in labor demand for type h between
hours per worker and the employment rate. In particular,

¢(h) ALY
1-a* h '’

_1-g(h) AL}

Al =
t é? h )

Aupt =

(11

where ¢(h) € [0,1] measures the share of labor adjustment absorbed by hours per

worker, while 1 — ¢(h) measures the share absorbed by changes in employment.3”
Unemployment for type » must also be consistent with flows into and out of em-

ployment. Letting P (- | -; h) denote transition probabilities conditional on productivity

37These expressions follow from the accounting identity

ALP
Tt =1 —a")Ad —hAul .
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h, the law of motion for unemployment can be written as

Aul,y = / (Pf(ei,tﬂ =0]eit =1 hit)le;,=1 —Pi(es 1 =1 e =0; hit)ﬂeit:O)Ph(h | hit) di .

7

job separations among workers of type o jobs found among unemployed of type h

(12)

This expression makes clear that unemployment risk for a given productivity group re-
flects both separation and job-finding flows, including transitions from other produc-
tivity states.>®

To discipline the decomposition of unemployment fluctuations into separations and
job-finding, let p}’ (k) denote the separation rate that rationalizes the observed change
in unemployment for type h, holding job-finding rates fixed at their steady-state values.
We then parameterize actual separations as

IP’f(e' =0]e=1;h)=¢°pi(h) + (1 — ¢5)@6(6/ =0|e=1;h), Vh,

where ¢° € [0,1] controls the share of unemployment variation accounted for by sep-
arations. Job-finding rates are then determined residually so as to match the implied
unemployment dynamics for each productivity group. This parsimonious structure al-
lows the model to reproduce both the level and the persistence of unemployment risk
across workers with different labor income exposure.

D.1.7 Government and Monetary Policy The government issues bonds and collects tax
revenues. Income taxes and transfers are of the form specified by Ferriere et al. (2023),
whereby the average tax rate and transfer are given by:

N =20 o 2exp{—&(yir/y)}

(yie) = exp (log(00) (/) > ), and T(yi) =Typ L=l
The parameter g; € (—o0,1) governs tax progressivity, ¢; controls the average tax rate,
and y is the steady-state mean income in the economy. The tax schedule is linear when
o+ = 0, progressive when g; € (0, 1), and regressive when g; < 0. For transfers, the param-
eter T' denotes transfers to a household with zero income as a multiple of steady-state
mean income, while ¢ determines how quickly transfers phase out with income. When
¢ =0, transfers are lump-sum. As £ becomes larger, transfers phase out faster. The total
tax-and-transfer schedule is 7 (y;:) = 7(yit)yit — T (it )-

Total revenues of the government are the sum of income taxes net of transfers, be-
quest taxes (pgb;:), and corporate taxes. They are used to finance an exogenous level
of government spending s{, interest payments on bonds r;_1b$, and unemployment
benefits. The government budget is:

924+1bt(i1+/[T(yit)ﬂ9dbit—(1—eit)thhitfit]dmt(ait,bz‘t,Sz‘t) + TR =(14re—1)bF 4+

38No terms involving population shares appear here because the law of motion is written in integral form
over individuals rather than in group-mass form. The integration measure already accounts for the mass of
each origin productivity group, while P* (h | h;;) maps those individuals into destination type h.
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Furthermore, monetary policy sets the nominal interest rate according to a Taylor rule,
which depends on price inflation and output:

D.2

it=r+¢x (me = 1)+ &y (ye/y —1) .

Definition Balanced Growth Path Equilibrium

DEFINITION 1. Given a stock of innovations A¢, a balanced growth path general equi-
librium is a sequence of prices {P;, Wy, m¢, 7", 7¢—1,1: }, sequences of taxes and trans-
fers, a gross technology growth rate g{}H, individual policy functions {c¢;¢(as¢, bit, Sit),

bit+
and

1
2
3

1(ait, bit,sit), xit(ase, b, sit)}, @ measure of households over states my(aqt, bit,Sit),
aggregate variables {y;, L;, s, b} such that:

. Households, unions, and firms optimally solve their respective programs.
. Monetary and fiscal policy follow their rules and constraints.

. Goods markets clear:
¢ JF/[C(az’t,bitasit) + z(ast, bit,sit)] dmy(aie, bit,si) =yt -

. Bond markets clear: B; = [, b;; di = BF.
. The measure of households is time-invariant.

. On the balanced growth path, aggregate technology growth is obtained by aggre-
gating the individual law of motion for innovation capital. Let Pr(d;+4+1 = 1) =
¢(x4t), and let 1441 ~ F, be an idiosyncratic mean-one shock. At the individual
level, one obtains:

Aiprr =1 = 0N Astirsr +nArdipsr.

Aggregating over households with entrepreneurial ability gives
At+1 = (1 — 5A) //Aitb dFL(L) dmf(ait, bitvs’it>

+77At/C(mit<aitabitasit))dmtE(aitabitaSit)'

Since . is iid and satisfies [ .dF,(.) = 1 and that there is a continuum of en-
trepreneurs in each state, idiosyncratic innovation success risk washes out in the
aggregate, so the measure of successful innovations is given by the integral of suc-
cess probabilities. Hence,

Appr=(1-6%A, +77At/C(xit(aitabitasit)) dm{’ (i, bit, Sit).

Dividing by A; yields

A
9 = Zl =(1-0% +77/<($it(ait»bz’tasit))dmtE<ait7bitasit)'
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On the balanced growth path, m{’ = m” and policy functions are stationary, so
gﬁH = ¢4 is constant.

D.3 Labor-Market Calibration and Incidence Functions

D.3.1 Steady-State Employment We use panel data from the Current Population Sur-
vey (CPS) over 1989-2022, restricting the sample to individuals aged 20-65. Workers are
sorted into wage bins that map to the model’s productivity groups h. Because wages
are not observed for unemployed individuals, we impute latent wages using observable
characteristics (sex, age, education level, occupation, etc.).

For each h-group, the steady-state job-finding rate, P¢(e;; = 1 | e;z = 0;hyy), is set
equal to its long-run average in the CPS. Given these values, the steady-state separation
rate, P°(e;; = 0 | e;s = 1; hyy), is chosen so that the model matches the long-run unem-

ployment rate of each group observed in the CPS.

D.3.2 Cyclical Incidence The CPS also provides empirical counterparts for fluctua-
tions in total employment, AL;, average hours by productivity group, A¢?, and total
hours by productivity group, AL} /h. We use these series to discipline the two objects
governing cyclical labor-market incidence. From equations (11), we compute

A (1 —ah) AL}

The parameter ¢(h) measures the share of labor adjustment absorbed by hours per
worker rather than by employment. Its value ranges from 0.17 to 0.32, with lower values
for low-income groups, indicating that labor adjustment at the bottom of the wage dis-
tribution occurs primarily through the extensive margin. The incidence function u(h)
ranges from 0.28 to 1.61 and is highest for the lowest wage bins, implying that low-wage
workers bear a disproportionate share of aggregate employment fluctuations.

To discipline cyclical unemployment risk across groups, we use equation (12) to in-
fer the separation rates that are consistent with the observed fluctuations in unemploy-
ment, while keeping job-finding rates fixed at their steady-state values. We denote these
implied separation rates by pj(h). By construction, they represent the changes in sepa-
ration rates that would exactly reproduce the observed variation in unemployment for
group h if job-finding rates did not move.

Because part of unemployment fluctuations in the data also reflects variation in job-
finding rates, we do not impose py(h) directly as the actual separation rate. Instead, fol-
lowing Krusell et al. (2017), we assume that actual separation rates are given by

Pé(e=0]e=1;h) = ¢°p¥(h) + (1 — ¢*)P¢(e=0]e=1;h), Yh, (13)

where ¢° measures the share of unemployment fluctuations accounted for by separa-
tions. We set ¢° ~ 0.3, so that job separations explain roughly one third of total un-
employment variation. Given these separation rates, job-finding rates are then solved
residually from equation (12) so that the model matches the observed unemployment
dynamics across h-groups.
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Table D.1 reports the resulting incidence measures together with the steady-state
labor-market statistics by h-group. Note that steady-state unemployment rates take into
account movements across i-groups.

TABLE D.1. Labor Market Statistics Across h-Groups

Incidence Steady-state
h-group  Wagebin  u(h) ¢(h) a"  P°(e=1le=0;h) P°(e=0le=1;h)
h1 [0.000,0.089] 1.61 0.25 0.136 0.510 0.090
ha [0.089,0.174] 1.41 0.22 0.104 0.497 0.061
h3 [0.174,0.275] 1.11  0.20 0.063 0.492 0.034
ha [0.275,0.385] 1.15 0.18 0.045 0.487 0.025
hs [0.385,0.500] 1.18 0.17 0.043 0.481 0.024
he [0.500,0.615] 1.23 0.22 0.042 0.475 0.022
h7 [0.615,0.725] 0.77 0.25 0.033 0.471 0.015
hg [0.725,0.826] 0.64 0.28 0.027 0.467 0.012
hg [0.826,0.911] 0.42 0.30 0.023 0.464 0.010
h1o [0.911,1.000] 0.28 0.32 0.021 0.461 0.009

D.4 Impulse Response Functions

Figure D.1 shows the remaining impulse response following the government spending
shock in the baseline experiment of the core paper.

D.5 Welfare Criterion

We evaluate welfare at the onset of a deterministic MIT shock by comparing the full
transition path of the shocked economy to the initial stationary balanced-growth path.
Letk € {0,1} index the economy, where k£ = 0 denotes the unshocked economyand k =1
the shocked economy. Aggregate technology evolves according to

k Ak 4k 1 __ 40 _
At+1:gt+1Ata Apg=Ap=Ao.

Thus, any temporary deviation in the growth rate gt‘i’lf has a permanent effect on the
level of aggregate technology, output, and lifetime utility.

Period utility for household i is
yLllt—Hp+9< Wm‘, gA)2
1+ ¥ 2 Wﬁ,t—l '

This specification ensures that the household problem can be written in stationary form
after normalizing by aggregate technology. Defining normalized consumption by

l1-0

C' —0
u(Cit, Lit; Ag) = 1” — Ay

k
& = Cit
b = Jit
(A Af

b
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FIGURE D.1. Aggregate Effects of Government Spending Shock
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We measure the welfare effect of the shock using consumption-equivalent varia-
tion (CEV), defined as the uniform proportional change in consumption along the un-
shocked path that makes households indifferent between the shocked and unshocked
economies. Since aggregate technology evolves according to A¥ = gﬁr’]f Ak, define the
cumulative technology-growth weight

t—1
k_ Ak
t = H 9s+1
s=0

l1—0o
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Let UL denote household i’s normalized period utility along path , including unions’
utility costs, and let BY, denote the cumulative discount factor excluding growth. Aggre-
gate utilitarian welfare along path & is

wk = ZQ? /EO [BZUZI}:} dmg(aio,bio,sio) .
t=0

This representation separates the welfare effects of normalized allocations, captured by
UE, from the level effects induced by cumulative technology growth, captured by QF.
The discounted utility weight of consumption along the unshocked path is

> 0\1—0o
C;
CO = Z Qg /EO |:B?t(]_t)o-:| dmo(aio, bi07si0) .
t=0

The total welfare effect of the shock is therefore

1

1_ 10\ T-o

ACEVTOT = <1 + W()W) ~1.
C

A positive value of ACEVTOT indicates that the shocked transition raises welfare rela-

tive to the initial balanced-growth path, while a negative value indicates a welfare loss.

D.5.1 Decomposition To isolate the component of welfare that comes from transi-
tional allocations rather than from changes in the path of aggregate technology, we con-
struct a counterfactual welfare measure that keeps the allocation path of the shocked
economy but evaluates it using the technology-growth weights of the unshocked econ-
omy:

prtlo Z QY / Eo[BL U] dmo(aio, bio,sio) -
t=0

This object removes the welfare effects that operate through changes in the level of ag-
gregate technology while preserving the shocked economy’s normalized allocation path.
The short-run component of welfare is then measured by

1
w0 _ 0\ T=2
ACEVS® (WW)
C
Equivalently, the total welfare effect can be decomposed as

wl_wo— (W”O—WO) 4 (Wl_wuo)

short-run component  long-run component

The first term captures the welfare effect of the shocked allocation path when evaluated
under the unshocked technology-growth path. The second term captures the additional
welfare effect generated by changes in the level of aggregate technology. Thus, even
temporary deviations in technology growth can have persistent welfare consequences
through their cumulative effect on aggregate technology.
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D.6 Computational Algorithm

We

solve for the stationary equilibrium by iterating on aggregate prices and quantities

until all equilibrium conditions are satisfied.

1.

Construct the state-space grid over liquid assets b, normalized innovation capital
a, idiosyncratic productivity h, discount factors 3, employment status e, and en-
trepreneurial type 17,

. Guess aggregate objects {r’, L, g}, together with the fiscal variables implied by the
steady-state government budget constraint. Given these objects, compute wages,
entrepreneurial returns, taxes, transfers, and employment transition probabilities.

. Conditional on aggregate prices and policies, solve the household problem. We use
the endogenous grid method for the consumption-saving decision. For households
with entrepreneurial ability, innovation investment z is chosen jointly with savings.
The optimal choice of z trades off the current utility cost of investment against the
expected continuation-value gain from increasing the probability of a successful
innovation.

. Given the policy functions for consumption, savings, and innovation investment,

construct the transition matrix M induced by the exogenous Markov processes,
employment transitions, death and replacement, and the endogenous policy rules.
The stationary distribution G is obtained by iterating

G'=Mg

until convergence.

. Aggregate individual decisions using the stationary distribution. In particular,

compute aggregate assets, labor, output, taxes and transfers, innovation invest-
ment, and aggregate technology growth from

gA =(1- 6A) + n/((x(a,b, s)) de(a,b7 s).

. Update the guessed aggregate objects using the equilibrium residuals. The bond

return is updated to clear the asset market, labor and wages are updated using the
labor-market and Phillips-curve conditions, and technology growth is updated us-
ing the aggregate innovation law of motion. We repeat steps 2-5 until all equilib-
rium conditions are satisfied up to a pre-specified tolerance.

D.6.1 Transitional Dynamics We solve transition paths using a standard MIT-shock
algorithm over a finite horizon 7', chosen sufficiently long so that the economy is arbi-
trarily close to its terminal balanced-growth path by date 7.

We begin by guessing sequences for aggregate prices and quantities,
T

b A
{rtawtaLtagt+1}t_0 ’
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together with the paths of exogenous shocks and fiscal instruments implied by the ex-
periment. Given these sequences, we compute taxes, transfers, employment transition
probabilities, and the corresponding paths of income and returns.

Taking the guessed aggregate paths as given, we solve the household problem back-
ward from date 7T to date 0, using the terminal steady-state value function as the final
condition. This backward step delivers time-dependent policy functions for consump-
tion, savings, and innovation investment at each date along the transition.

Given these policy functions, we simulate the distribution of households forward.
Starting from the initial stationary distribution Gy, the policy rules and exogenous tran-
sition matrices imply a sequence of distributions

(G},

This forward step yields the model-implied paths for aggregate savings, labor, output,
tax revenues, transfers, innovation investment, and technology growth.

We then compare these model-implied paths with the guessed aggregate paths. The
bond return is updated to clear the asset market at each date. The path of technology
growth is updated using the aggregate innovation law of motion,

gﬁH =(1- 5A) + n/((xt(a,b,s)) dmf(a,b,s) )

Wages and wage inflation are updated so as to satisfy the Phillips curve, while labor-
market transitions are updated consistently with the labor-splitting rule. Fiscal variables
are updated according to the closure rule of the experiment, either period by period or
in present value when debt absorbs temporary imbalances.

We iterate on the backward household problem, the forward distribution, and the
aggregate updating step until the guessed and model-implied paths coincide up to a
pre-specified tolerance.

D.7 Additional Results: Debt Financing and Lump-Sum Repayment

We now ask whether pure instantaneous debt financing can attenuate the stabilization
trade-off. The idea is simple. If the government issues debt on impact, fiscal consolida-
tion is postponed while the short-run demand expansion, and the associated response
of innovation, occurs immediately. If the growth response is sufficiently strong, higher
future output can partly offset the repayment burden. In this sense, public debt can be-
come self-financing, echoing recent results Angeletos et al. (2024) but reinforced here as
endogenous technology growth helps repay outstanding debt permanently.

We implement debt financing by allowing the government to issue debt on im-
pact and to repay it gradually through lump-sum transfer adjustments. Once repayment
starts, the transfer adjustment follows

Tt+j = pJTTta j=0,

where pr € (0,1) governs the speed of fiscal consolidation. The initial adjustment 7} is
chosen to satisfy the government budget constraint in present value.
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Let Ptd /T denote the primary balance net of the lump-sum transfer adjustment.
Using the present-value government budget constraint over a horizon of length v, the
impact transfer adjustment satisfies

1 b v—2 v—1 b

BY [ 4 b7 LT def,T L+7ri_q14, def,T

1\ Gito — (I+7¢-1) H —a | - Z Py 1 P
s—1 Ji+s =0 s=j+1 Ji+s

T, =

v—1

v—2 b

; 147

j t—1+s —1
> e 11 A +or
j=0 s=j+1 It+s

This expression pins down the transfer adjustment required to keep the intertemporal
government budget constraint satisfied, taking as given the paths of interest rates, tech-
nology growth, and primary balances excluding the lump-sum adjustment. Intuitively,
T; makes the discounted value of future transfer adjustments exactly offset the debt is-
sued during the transition.

Table D.2 summarizes the results when the persistent government-spending in-
crease studied in the core paper is repaid with transfer adjustments that decay at rate
pr = 0.95. Multipliers are positive and no switch time appears because output remains
above the laissez-faire path throughout the transition.

TABLE D.2. Debt Financing and Lump-Sum Repayment

*

FINANCING SCHEME My Mg  LONG-RUN DEV. z

Debt and lump-sum repayment 1.21  0.02 0.05 NA

Many hybrid financing schemes, combining debt issuance with targeted tax inci-
dence, are also possible. For example, the government could initially finance the shock
with debt to harness the short-run demand expansion, and then concentrate the even-
tual consolidation on the segments of the income distribution that generate the smallest
drag on innovation. This exploration lies beyond the scope of this paper.
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