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Historically, large changes in U.S. government spending induced fiscal efforts that were not all
alike, with some using more progressive taxes than others. We develop a heterogeneous-agent New Key-
nesian model to analyse how the distribution of taxes across households shapes spending multipliers. The
model yields empirically realistic distributions in marginal propensities to consume and labour elastici-
ties, which result in lower responsiveness to tax changes for higher-income earners. In turn, multipliers
are larger when spending is financed with higher tax progressivity—that is, when the tax burden falls
more heavily on higher-income earners. This result is historically material. We estimate that, on average,
tax rates increased more for top-income than for bottom-income earners after a spending shock. Thus,
the typical U.S. spending shock was financed with higher tax progressivity. We further exploit the histor-
ical variation in the financing of spending to estimate progressivity-dependent multipliers, which we find
consistent with the model.
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1. INTRODUCTION

Government spending is frequently used to mitigate the effects of recessions—two recent exam-
ples being the European Economic Recovery Plan, proposed by the European Commission in
2008, and its U.S. counterpart, the American Recovery and Reinvestment Act (ARRA), autho-
rized by Congress in 2009. Despite the recurrence of these types of policies, there is no consensus
among economists about the size of spending multipliers—that is, on the response of output to
a one dollar increase in spending.

Some empirical work, notably using military events, suggests that multipliers are modest and
typically below unity (Ramey and Shapiro, 1998; Ramey, 2011). Other studies, often relying

The editor in charge of this paper was Kurt Mitman.



2 REVIEW OF ECONOMIC STUDIES

on a structural VAR approach, estimate larger multipliers (Blanchard and Perotti, 2002)." This
disparity in empirical findings has its counterpart in theoretical work. Standard versions of the
neoclassical and New Keynesian models generate small multipliers, with their exact magnitude
depending on details of the model’s specifications.” A crucial element in these models is the
nature of the government’s budget adjustment to finance the increase in spending (Ohanian,
1997; Uhlig, 2010). Multipliers are even smaller, or negative, when financed with distortionary
taxes, as first shown in the seminal work by Baxter and King (1993).

In this debate, though—including in recent developments in heterogeneous-agent mod-
els—an important dimension has been neglected: the distribution, across households, of the
fiscal burden consequent to the stimulus. This oversight is somewhat surprising in light of
U.S. history. To finance large changes in spending, the U.S. has typically implemented substan-
tial tax reforms, which have not been alike. In some cases—Ilike World War I (WWI), World
War II (WWII), and the Korean War—the fiscal burden was tilted toward higher-income earn-
ers, while in other cases—like the Vietnam War and the Reagan defense build-up—the burden
was more evenly distributed. Furthermore, recent theoretical work, tracing back to Heathcote
(2005), asserts that the cross-sectional dimension of tax policies has significant aggregate impli-
cations. Thus, how spending is financed across households is relevant both from a historical and
a theoretical perspective.

In this paper, we develop a heterogeneous-agents new Keynesian (HANK) model to anal-
yse how the distribution of taxes shapes spending multipliers. The key feature in the model is
a rich cross-sectional heterogeneity in marginal propensities to consume (mpc) and labour sup-
ply elasticities, which, in line with evidence, results in lower responsiveness to tax changes for
higher-income earners. In turn, implied multipliers are larger when spending is financed with an
increase in tax progressivity—that is, spending is more expansionary when the tax burden falls
more heavily on higher-income earners. This result is material from a historical perspective. We
estimate that, on average, tax rates increased more for top-income than for bottom-income earn-
ers after a spending shock. As such, the typical spending shock in the U.S. was financed with an
increase in tax progressivity. Finally, we further exploit the historical variation in the financing
of spending in the U.S. to estimate progressivity-dependent multipliers, which we find consistent
with the model.

We add two components to an off-the-shelf model of heterogeneous households: an exten-
sive labour supply decision (Chang and Kim, 2007) and heterogeneous discount factors (Carroll
et al., 2017). In this environment, higher-income earners have exceptional labour market
prospects and thus face a larger opportunity cost of exiting the labour market; consequently,
they exhibit lower labour participation elasticities (/pe). Similarly, high discount factor house-
holds accumulate more wealth, are often further from their borrowing limits, and have lower
mpc. This heterogeneity in I[pe and mpc explains how the distribution of taxes shapes spending
multipliers. A government will raise taxes to finance an increase in spending, and higher taxes
crowd-out the private sector, which limits how expansionary spending can be. Concentrating the

1. For studies using military spending, see Barro and Redlick (2011) and Ramey and Zubairy (2018), among
others. For studies using variation of a VAR approach, see Perotti (2008) and Mountford and Uhlig (2009), and references
therein.

2. In the neoclassical model, Edelberg et al. (1999) and Burnside et al. (2004) show how multipliers vary depend-
ing on assumptions about preferences and technology. In the New Keynesian environment, multipliers are larger if
monetary policy does not strongly react to inflation (Christiano et al., 2011; Eggertsson, 2011; Nakamura and Steinsson,
2014) or when households exhibit high propensities to consume (Auclert ez al., 2018; Bilbiie, 2019; Hagedorn et al.,
2019).
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higher taxes on the less responsive households reduces the crowding-out and, in turn, increases
multipliers.

We derive a set of analytical expressions from the model that formalizes this relation between
a distribution of taxes and the crowding-out on labour and consumption. We show that the labour
response to a tax change depends on the average Ipe as well as on the covariance between tax
changes and households’ Ipes. We refer to this compound response as an aggregate effective
Ipe: The effective labour crowd-out is smaller when taxes are raised on low-Ipe households.
Similarly, the consumption response to a tax change depends on the average mpc and on the
covariance between tax changes and households’ mpc. Additionally, the aggregate effective Ipe
induced by taxes also shapes the consumption crowd-out, as the effective labour response affects
income and thus consumption. We perform a back-of-the-envelope calculation using these ana-
Iytical expression and show that the distribution of taxes can have large effects on labour and
consumption responses.

We then confirm this finding in our full model: The distribution of taxes has quantitatively
large effects on spending multipliers. In the model, multipliers rise from 0.05 when evenly
financed across households to 0.33 when financed by the top 20% of workers only. This result
is obtained under empirically consistent paths for fiscal deficits and standard monetary policy
assumptions but is also robust to alternative policy specifications.> Importantly, in line with
our analytical findings, heterogeneity in both mpc and in Ipe is crucial in accounting for the
difference in multipliers across taxation schemes. Shifting taxes from high-mpc to low-mpc
households boosts aggregate demand and thus increases multipliers (Bilbiie, 2019). Heterogene-
ity in Ipe is also quantitatively important, as concentrating taxes on low-I/pe workers reduces
the crowding-out on labour supply, and eventually on consumption. As the model-implied
distributions of mpc and Ipe are key to this result, we carefully discuss their empirical relevance.

We then compare the model with data. We use local projections (Jorda, 2005) to estimate the
effects of government spending, starting with the creation of income taxation in 1913. A long
time series is important for our purposes because the largest changes in spending, as well as
most substantial tax reforms, occurred during the first half of the 20th century. We estimate the
average response of tax rates after a spending shock: They increase for top-income earners but
remain essentially constant for bottom-income earners. As such, the average shock in the U.S.
resembles the case when spending is financed with an increase in tax progressivity in the model.
Through the lens of the model, this difference in financing has large implications on multipliers,
which should be kept in mind when interpreting the effects of government spending.

Finally, we exploit the historical variation in the financing of spending in the U.S. to esti-
mate progressivity-dependent multipliers. We separate spending shocks financed with higher tax
progressivity from those financed more evenly across households using a novel measure of tax
progressivity we construct starting in 1913. Following the methodology in Ramey and Zubairy
(2018) and Auerbach and Gorodnichenko (2012a), we estimate multipliers that are considerably
smaller when financed more evenly across households, at about zero after 3 years. We see this
finding as further support for the mechanism in our paper.

Our work relates to a recent line of research that has stressed the importance of house-
holds’ heterogeneity in Keynesian environments for the aggregate effects of fiscal and monetary
policies (Gornemann et al., 2016; Kaplan e al., 2018).* The typical key element in these mod-
els is the distribution of mpc. For instance, Bilbiie (2019) uses a two-agent New Keynesian

3. As we show in Section 5.4, we obtain larger multipliers when using an empirically relevant/more accommoda-

tive monetary policy, leaving the effect of the distribution of taxes on multipliers roughly unchanged.
4. See also Auclert (2017), Bayer et al. (2019), Kaplan and Violante (2014), McKay and Reis (2016), Debortoli

and Gali (2017), and Brinca et al. (2016), among others.
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model to analytically show how spending multipliers depend on the distribution of mpc, whereas
Auclert et al. (2018) and Hagedorn et al. (2019) analyse a similar mechanism in a fully fledged
quantitative HANK model.

We add to this literature in two dimensions. First, in addition to heterogeneity in mpc, we
analyse heterogeneity in /pe, a margin that is empirically relevant and has been explored in the
public finance literature (Kleven and Kreiner, 2006). Interestingly, because it affects the labour
response to tax changes, we show that /pe heterogeneity also affects the aggregate consumption
response. Second, and more importantly, we analyse how the fiscal burden subsequent to the
stimulus is distributed across households. Previous work considered how deficit financing affects
spending multipliers, focusing on the inter-temporal allocation of taxes (Gali et al., 2007). We
argue that the intra-temporal distribution of taxes is sensible from a theoretical and historical
perspective and has substantial consequences for multipliers. Yet, tax distribution considerations
have largely been absent in previous work on spending multipliers—notably except for Bilbiie
and Straub (2004) and Monacelli and Perotti (2011).

We also add to the literature using historical events to inform macroeconomic models.> We
briefly review the history of tax reforms in the U.S. since 1913, discuss how these reforms
responded to major events such as wars, and analyse how these events shaped tax progressivity
overall. Additionally, we construct a simple measure of tax progressivity since 1913 that accu-
rately reflects the tax reforms we discuss. We believe this measure can be useful for quantitative
work using historical events.

The rest of the paper is organized as follows. Section 2 briefly discusses the history of
government spending and taxes in the U.S. Section 3 introduces the model. Section 4 derives
the analytical discussion, and Section 5 presents the quantitative results. Section 6 reports the
empirical analysis. Section 7 concludes.

2. A BRIEF REVIEW OF THE U.S. HISTORY OF SPENDING AND TAXES

Most large changes in spending in the U.S. were associated with military events and were fol-
lowed by tax reforms with substantial implications on the distribution of taxes across households.
We briefly review the main historical reforms in the U.S. federal income tax code following these
events. A more detailed discussion can be found in Appendix D.

The 16th Amendment to the U.S. Constitution, adopted on 3 February 1913, set the legal
benchmark for Congress to tax individual as well as corporate income. The Revenue Act (RA)
of 1913 determined personal income tax brackets for the first time, with a modest but progres-
sive structure. Shortly after, the entry of the U.S. into WWI greatly increased the need for tax
revenues, which were largely obtained by expanding personal income taxes in a progressive
fashion. The RAs during the Wilson Administration drastically increased top marginal tax rates
to a 60-77% range, 10 times greater than 3 years earlier.” The increase in progressivity was
only temporary, and the decade that followed WWI—with Andrew Mellon as Secretary of the
Treasury—observed a persistent decline in progressivity.

5. Recent work in the same vein includes McGrattan and Ohanian (2010), Romer and Romer (2010), and Hall

and Sargent (2019).
6. Discussions on the history of tax reforms can be found in Brownlee (2016) and Scheve and Stasavage (2016).
7. Importantly, personal income taxes quickly became a substantial source of tax receipts, representing about

25% of total revenues by the end of WWI. The fraction of households paying taxes also grew considerably: In 1920,
7.3 million tax returns were filled, which amounts to roughly 30% of households (average household size of 4.3 and
population of 106 million). Numbers come from Statistics of Income (SOI) tables; see Appendix B.3 for more details.
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The most significant increase in tax progressivity occurred during the presidency of Franklin
D. Roosevelt. The RA of 1935, referred to as the “Soak the Rich” tax at that time, already
included increases in top marginal tax rates.® However, a more drastic increase in progressiv-
ity came with the U.S. participation in WWII. While debt surged, a sequence of tax reforms
increased top marginal tax rates, to reach a historical maximum range of 90-94% with the RA
of 1945. Progressivity again decreased after WWII, although higher top marginal tax rates were
temporarily reinstated to finance the Korean War.?

To afford the expenses of the Vietnam War, the Revenue and Expenditure Control Act of 1968
included a temporary 10% income tax surcharge on all individuals and corporations as well as a
decrease in domestic spending. The next large military expense was the defense build-up during
the Reagan Administration, which coincided with a decline in tax progressivity: The Economic
Recovery Tax Act of 1981 and the Tax Reform Act (TRA) of 1986 lowered top marginal tax rates
from 70 to 28%, and while other taxes and debt increased during these years, overall progres-
sivity declined.'” All in all, the fiscal burden of both the Vietnam War and the Reagan defense
build-up was more evenly distributed across households than in previous military events.'!

When estimating the effects of government spending, identification heavily relies on large
military events. These events were followed by tax reforms that, as discussed, were not all alike.
This historical variation motivates the focus on how the distribution of taxes shapes spending
multipliers. The model we present in the next section is tailored to this question.

3. MODEL

We develop a HANK model to study the effects of government spending. We introduce
heterogeneity in discount factors and an extensive labour supply decision, which result in cross-
sectional distributions of Ipe and mpc in line with evidence. This rich modelling of households’
labour and consumption decisions is key to understanding how multipliers depend on the dis-
tribution of taxes. The rest of the model is kept as close as possible to an off-the-shelf New
Keynesian model (Gali, 2015).

We start by describing the model environment and its calibration and then discuss the model-
implied distribution of mpc and Ipe. Because these statistics are key to the model, we carefully
discuss how they compare with previous empirical work. Section 4 derives analytical expressions
showing how the distribution of taxes shapes the effects of government spending, and Section 5
quantifies the effects of government spending in this environment.

3.1. Environment

Time is discrete and indexed by + =0, 1,2, .... The economy is populated by a continuum of
heterogeneous households who deposit their savings with financial intermediaries and supply
hours worked to labour unions. Labour unions combine households’ hours into labour services,

8. See Blakey and Blakey (1935).
9. The RA of 1951 aimed to finance war expenses without increasing deficits and, accordingly, removed the tax

cuts implemented after WWII. Nevertheless, the tax cuts were reinstated in the RA of 1954 once the Korean War ended.

10. The decrease in income taxes, added to the increased defense spending and the 1981 recession, resulted in
large fiscal deficits, to which the Reagan Administration responded by increasing other taxes, such as the Tax Equity and
Fiscal Responsibility Act (1982) and the Deficit Reduction Act (1984). These reforms did not alter statutory rates and
are unlikely to have reverted the overall decline in progressivity from the 1981 and 1986 tax reforms. See Appendix D
for more details.

11. Most of the spending shocks after the end of the Cold War were of smaller magnitude. We delegate a more
systematic discussion of shocks and taxes in Appendix D.
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which they sell to a labour packer. Unions are under monopolistic competition and face a cost of
adjusting wages as in Rotemberg (1982). Intermediate-good producers rent capital from financial
intermediaries and labour from labour packers to produce output, which they sell to a final-good
producer. Intermediate-good producers face the same type of pricing friction as unions. Finally,
financial intermediaries invest households’ savings into physical capital and government debt.
We consider deterministic transition dynamics and use time ¢ to denote the aggregate state of the
economy.

Households.—Households value consumption and leisure. Labour supply is indivisible and,
during any given period, households can either work / hours or zero (Chang and Kim, 2007).
Their idiosyncratic labour productivity x follows a Markov process with transition probabilities
7. (x, x"). Households have differences in their discount factor 8, which evolves stochastically
following a Markov chain 74(f, #) (Krusell and Smith, 1998). Labour productivity and dis-
count factor shocks are uninsurable: Households can only trade a one-period risk-free bond to
self-insure, subject to a nonborrowing limit.

Let V;(a, x, ) be the maximal attainable value in period ¢ to a household with assets a,
idiosyncratic productivity x, and discount factor S:

Vita,x, ) = max {log(e) — Bh + JE[Visr (@, ', )l A])

subject to
c+d <w'xh+ (1 +r)a—T(w'xh,ra)+ T, +d'(x)
he {0,]/—1} , a/ > 0, (1)

where ¢ and h denote consumption and hours worked, w denotes wages perceived by house-
holds, and r; denote the real return on households’ savings. Households face a distortionary tax
7, (whxh, r,a)—which depends on labour income w!xh and capital earnings r,a—and receive
a lump-sum transfer 7;. Finally, dlh (x) represents the dividend payments received from firms in
the economy, which we discuss in more detail below.

As commonly done in discrete-choice models, we add a preference shock €, for each possible
level of working hours: & € {0, h} hours. The preference shock follows a Gumbel distribu-
tion with variance p.'> Let h"(a, x, B) be the probability of working & hours at time ¢, and
let ¢’ (a, x, B) and a!”(a, x, B) denote a household’s optimal policies conditional on working /
hours. Finally, denote &, (a, x, ) = >, hh"(a, x, B), c:(a, x, B) = >, ci(a, x, B)h(a, x, B),
and a(a, x, B) = X, a’(a, x, p)h!(a, x, B) to the expected policies, and let x,(a, x, ) be the
measure of households with state (a, x, ).

Final-Good Producers.—A competitive representative final-good producer combines a con-
tinuum of intermediate goodsTindexed by j € [0, 1]—to produce the final good Y;. Production

el 1
technology is ¥; = ( fol Vi ) , where € > 0 is the elasticity of substitution across intermediate
inputs. Profit maximization for the final-good producers reads

1 Lo\ e
max | P Y; —/ Pyyjdj: Y, = (/ yjf ) 5 2)
(v}, 0 0

12. Rust (1997) initially proposed using a Gumbel preference shock in dynamic discrete-choice models, and
Artug et al. (2010), among others, used it more recently. See Appendix A.1 for a more detailed model description.
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where P; and Pj; stand for the nominal price of the final good and the intermediate good,
respectively. Optimal demand reads
P\ ¢
da _ [ Lt
Vi = (?,) Y. 3)

Intermediate-Good Producers.—The intermediate good is produced by combining effective
labour nj, and capital k;; as y;; = kjl.t_ “n(;t. Intermediate-good producers set prices subject to a
quadratic price adjustment cost. Let J;(Pj,—;) be the maximal attainable value at time ¢ to an

intermediate-good producer that posted prices Pj;_; last period:

1
J;(Pj;~1) = ma diy + ——1J, P;
i ( jt 1) Pj,,yj,,n),(v,,k,v,[ it + T+ o r+1( jt)]
subject to
P.
djt = ?jty]t —w,l’lj, — (I’tk-i-ﬁqtk)kj, _®t(ij:Pjt—1)_(I)
t
Pjt)f
vie=\—75"] Y
Jjit (Pr t
Yjt _kjl't_an‘;t
©( Pr -\
®,(Pjy, Pjy_)=— =L -10) v, 4
z( Jt jt l) 5 (Pjtl ) t ( )

where w; is the wage paid to labour packers, r¥ is the rental rate of capital, g* is the price of
capital, and @ is a fixed operating cost. The cost of adjusting prices is ©,(-), where IT is the
inflation target of the monetary authority. All firms discount flows at the real rate r,, which is
justified by an arbitrage argument in this economy without aggregate uncertainty.

Intermediate-goods producers are all identical, so we focus on a symmetric equilibrium with
P;; = P,V j, t. Optimal decisions yield the usual New Keynesian Phillips curve:

e—1 € 1 — Y
=—M +— (I, — ) II
oM 1+i’z+1( 1+1 ) i

(T, — 1) 1, + , 5)

where M, = (%)a r'klti?’A )1 ‘ is the marginal cost of production.
Labour Market.—We model labour market frictions by extending (Erceg et al., 2000) to an
environment with heterogeneous households. The labour market structure mirrors the two-layers
structure of the goods market, with a labour packer and a labour union, akin to the final-good
producer and the intermediate-good producer. We accommodate households heterogeneity by
introducing a market between unions and households, as we discuss next.
The labour packer produces a final labour bundle by combining the differentiated labour ny,

from each union k € [0, 1]. The labour bundle is produced as

€w

1 ew—1 ep—1
v ([)
0
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and optimal labour demand for each variety reads

Wi
nd, = (Wk) N, (6)
t

where W, is the nominal wage paid to union k and W, = w, P, is the wage paid by intermediate-
goods producers in nominal terms.

Labour unions are under monopolistic competition and set wages subject to a quadratic-
adjustment cost. They hire households labour in a competitive market at wage rate u),h and use
it to produce their union-specific labour with a one-to-one technology. Let J;*(Wy;_;) be the
maximal attainable value at time ¢ to a labour union that posted wages Wy,_; last period:

J” (Wi—1) = max [dil; + T (W)

Wit

L+ rig
subject to

w Wk w w
dp = ( L wf’) nie — 0, (Wi, Wir—1) — @

P
W —€y
Ny = ( ujt) N;
t
w @w Wkt = 2
®; (Wkn Wktfl) = T W, —1I Nt» (7)
kt—1

where ny; is the total efficient hours demanded from households.

As with intermediate-goods producers, we focus on a symmetric equilibrium where all
unions post the same wages Wy, = W, Vk, ¢. In this case, the unions’ optimal decisions yield
the wage Phillips curve:

w B w €’ —1 €” h w = w Nt+1
(I =M 1Y + —o—w = oo, +Tr;+1( Fo = 1) Ty ®)

where ITY = W,/ W,_; is wage inflation. Note that marginal costs are given by households’
wages w!", and marginal revenues are given by wages charged by unions to labour packers w,.

In absence of households’ heterogeneity, most models with wage stickiness assume that
labour unions maximize the utility of the representative agent.'> With household heterogeneity,
there is no unique nor obvious way to introduce wage stickiness. We overcome this difficulty by
introducing a frictionless market between unions and households.

An advantage of our set-up is that labour market outcomes reflect, both, firms’ labour demand
as well as the distribution of individual labour supply decisions.'* Indeed, as unions can only
adjust the wage they charge w, at a cost, households’ wage w” must be high enough so that
labour supply meets the demand by labour packers/intermediate-good producers. At the same
time, as long as wages are not fully rigid, there is also an active labour supply margin where
unions adjust wages to maximize profits. Thus, our modelling assumption allows to keep, both,

13. This is the assumption in Erceg et al. (2000) and is followed by most of the dynamic stochastic general

equilibrium (DSGE) literature—see, for instance, Smets and Wouters (2007) and Del Negro et al. (2015).
14. An alternative is to assume that the union chooses a unique level of hours for all households to maximize

their average utility. See, for instance, Auclert et al. (2018) and Hagedorn et al. (2019).
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demand-driven labour market dynamics jointly with a labour supply that aggregates the distri-
bution of individual labour supply elasticities, a key object in our analysis. Note that, in absence
of heterogeneity, our formulation retrieves the usual wage Phillips curve found in the dynamic
DSGE literature."

Capital Producer—A competitive representative capital-good producer transforms the final
consumption good into capital goods subject to a quadratic- adjustment cost function. Producing

Af new units of capital requires a total investment of I, = A¥ + & ( — 0)?K,, where K, is the
total amount of capital in the economy. Profit maximization for the capltal producer reads

¢k Ak 2
dy = max y g Af — A"—i——(—’—é) K |- )
A

t

The capital producer optimal decision implies a relation between the price of capital and
investment as

k
_1+¢"(2 5). (10

Financial Intermediaries.—Financial intermediaries raise deposits from households and
invest in the two financial assets in this economy: physical capital and government debt. Let
F,(AF, K}, D) be the maximal attainable value at time 7 to a financial intermediary who
started thls period with households’ deposits AF, capital holdings K[, and government debt
holdings Df:

1
F(AF k], D)= max df + ———F,. 1 (AF, ,
I( ) Af+],Ktil,D1+1 ! 1+rt+1 l+l( il I-H H_l)
subject to
sz+qzk 1+1 +Dt+l +(1+rr)AF —A,F_H + (q, +r )KF+(1+r )D

an

where r is the return on government debt. The financial intermediary’s optimal decisions yields
non-arbitrage conditions among assets’ returns

k. pk
L4r =20 (12)
41
ry = r,g . (13)
Thus, a financial intermediary is indifferent among any asset holdings—K/ | and D} ,—

long as equations (12) and (13) hold. Furthermore, as there is no friction on the ﬁnancmg
side, the liability structure of the financial intermediary is not determined. That is, the value
of a financial intermediary F;(-) is independent of whether an investment is financed with

15. A linear approximation of equation (8) reads 7t, = lj—r T ,1")/};0, where [1;“ =w; — uA){’, and w?’

would equalize the marginal rate of substitution between labour and consumption in a representative household model.
This expression is exactly the wage Philips curve in equation (T1.5) in Erceg ez al. (2000). Note as well that, with linear
technology in labour, the wage and price rigidity formulations would be analogous.
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deposits (Af,, > 0), with equity issuance (4 < 0), or with any combination in between.'® In

turn, we assume that financial intermediaries finance their investments entirely with households
deposits: A", = gf K[| + D[, With perfect foresight, this assumption implies /" = 0, which
mitigates the effects of dividends distribution in the economy.'’

Fiscal Authority.—The government’s budget constraint is given by
G+ +rH)D, + T, =Dy + / Ti(wxh, rea)du,(a, x, B), (14)

where D, is the government’s debt. As we discuss in detail below, the tax function 7;(-) will
incorporate a progressive component on labour income.
Monetary Authority.—Monetary policy is fully described by a Taylor rule that sets the short-

term nominal interest rate as
1+ II
In (ﬂ) — ¢ ln (—’) , (15)
141 11

where ¢ > 1 and i is the steady state of the nominal interest rate. Given inflation and the
nominal interest rate, the real return r, is determined by the Fisher equation as

L
147 = ;”. (16)
t

We assume that the returns on government bonds and household deposits are determined in
nominal terms. Expressing returns in real or nominal terms is irrelevant in an economy with
perfect foresight, but real returns do adjust upon arrival of an unexpected shock.

3.2. Equilibrium

We discuss market clearing for labour, assets, and goods markets.
The labour market between households and unions must clear, as well as between labour
packers and intermediate-good producers—that is,

1 1
L= / ndk, and N, = / nudj, (17)
0 0

where L; = f xh.(a, x, p)du,(a, x, ) is households’ effective labour supply, fol ny:dk is the

unions’ total labour demand, N, is labour bundle produced by labour packers, and fol nj;dj is the
labour demand by intermediate-goods producers. In a symmetric equilibrium we have N, = L;.

Market clearing in the assets markets requires that (1) capital demand by intermediate-good
producers equates the financial intermediaries’ capital holding, (2) government’s debt equates
the financial intermediaries’ government debt holding, and (3) households’ savings equates the

16. This property is a Modigliani—Miller type of result: The marginal discounted cost of a deposit equals one,
same as the cost of issuing a negative unit of dividends. Thus, the liability structure is not determined. See Appendix A.1
for a more detailed discussion of the financial intermediaries problem.

17. This intermediaries’ financing assumption implies the same equilibrium sequences as an alternative economy,
where households make the portfolio decision directly but the borrowing limit applies to the value of the portfolio and
not to each asset separately.
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financial intermediaries’ deposits—that is,
KF =/kj,dj, D, =D}, and Af =/ad,u,(a,x,/)’). (18)

Market clearing in capital further requires that capital producers supply new capital AX
consistent with capital accumulation by financial intermediaries:

Af =kl -0 -9K]. (19)
Market clearing in the goods market reads
V,=G/+C+1L+0,+0+ 0+ 0, (20)

where C; = f ci(a, x, B)du,(a, x, B) is the consumption of all households, ®, is the price
adjustment costs by intermediate-goods producers, and ® is wage adjustment costs by unions.

Finally, firms’ dividends are distributed across all households: [ d"(x)du,(a, x, B) =
[dje+ [dP+df+df.

Let A be the space for assets a, X be the space for productivities x, and B be the space for
discount factors . Define the state space S = A x X x B, with typical element s € S, and let
S be the Borel o-algebra induced by S. A formal equilibrium definition for the economy is
provided next.

Definition 1. Given sequences for government policies {G,, T;, D;, 7,(-)};, an equilibrium in
this economy is given by: sequences of prices {r;, rlk, q,k, wy, wf, ir, I1;};; sequences of house-
holds’ values {V;(s)},, policies {lhf'(s), cf(s),alh’(s)}ht, and measures {u,(s)};; intermediate-
good producers’ policies {kj;, n;};;; unions’ policies {ny }i; capital producer policies {Af s
and financial intermediaries’ policies {AF, KF, DF};, such that (1) households’ policies solve
their problem and achieve values V;(s); (2) intermediate-goods producers’ policies solve their
problem; (3) unions’ policies solve their problem; (4) the government’s budget constraint is sat-
isfied; (5) i, and r, satisfy equations (15) and (16); (6) labour, assets, capital, and goods markets
clear as in equations (17)—(20); and (7) the measure evolves consistently with the households’
policies: u;+1(So) = | Q:(s, So)du.(s) V Sy € S, where Q,(-) is a transition function given as
0:(s, So) = l(a,(s) € So) Z(x/,ﬁ’)eso (X', X)wp(B, B).

3.3. Calibration

A period in the model is a quarter. We calibrate the model in steady state and denote
X—suppressing time indexes—as the steady-state value of variable X;.

Households’ Parameters.—We set the level of hours when employed to 7 = 1/3. We fol-
low Chang et al. (2013) and set the idiosyncratic labour productivity x shock to follow an
AR(1) process in logs: log(x") = p, log(x) + ¢/, where &, ~ N (0, oy), with o, = 0.287 and
pe = 0.939.'8 We calibrate the dis-utility of working B to match a 75% employment rate, which
is the average of the Current Population Survey (CPS) from 1964 to 2003.!” We set the variance

18. These numbers are estimated using the whole sample of Panel Study of Income Dynamics (PSID) ages 18-65

from 1979 to 1992.
19. A similar participation rate is found in the PSID of 1983, the year that we use for comparison with other
targets in our model.
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TABLE 1
Wealth distribution: model and data

Share of wealth

Wealth quintile 1 2 3 4 5
Model 0.00 0.00 0.02 0.10 0.88
Data —0.01 0.01 0.03 0.09 0.88

Notes: Households are sorted by wealth.
Source: SCF, 1983. See Appendix B.2.1 for more details.

of the working preference shock to o = 0.066 as to match an Ipe of about 0.75 for the lowest
income quintile of workers, as we discuss in more detail below.

We calibrate heterogeneity in discount factors f to match the households’ wealth distribution.
We assume S can take three values: f € {Biow, Bmid> Phign}- We follow Krusell and Smith (1998)
and assume a persistence of 74 (S, ) = 0.995, corresponding to an average duration of 50 years,
and, conditional on switching, £ can only move to an adjacent value on the grid. Additionally,
we assume Af = Phigh — Pmid = Pmid — Plow- We set Phign = 0.9988 to match an annualized
interest rate of 7 = 3.5% and A” = 0.028 to match the wealth concentration of the wealthiest
20%. As Table 1 shows, the model matches well the wealth distribution coming from the Survey
of Consumer Finances (SCF) for the year 1983.2° As noted recently in Kaplan and Violante
(2021), heterogeneous discount factors can generate realistic mpc at the cost of an unrealistic
wealth concentration. As we show below, stochastic discount factors allow for reasonable mpc
without overstating wealth concentration.

Technology Parameters.—We set € = 7, which is a standard value in the literature. We set
® = 200 to match a Phillips curve slope, €/ 0, of 0.035, in the midrange of estimates provided
in Gali and Gertler (1999).2! We set the fixed cost of production ® so that intermediate producers
make zero profits in steady state.

Regarding the wage Phillips curve, we assume the same stickiness as in prices: @ = @ and
€” = €.”? As with intermediate-goods producers, we set a fixed cost of production ®* so that
unions make zero profits in steady state.

We assume a capital adjustment cost of ¢¥ = 15 to match the elasticity of the investment-
capital ratio to Tobin’s ¢ as in Eberly et al. (2008).2* The capital share a is set to 0.36, and the
depreciation rate J is set to 0.035.

Distribution of Profits.—Intermediate-good producers, unions, capital producers, and finan-
cial intermediaries may make profits, which are paid out as dividends. Let d, = fol djdj +

fol dPdk + d* + df be the sum of dividends paid to these firms in period 7. We assume
these dividends are rebated to households in proportion to their labour productivity; that is,
d"(x) = d"x.** The value of d" is pinned down such that all profits are distributed: d; = d” u,,
where u, = E[x] is the unconditional mean of idiosyncratic productivity x. This rule realisti-
cally implies that profits are more heavily concentrated in high-income households, which are
typically wealthier. As such, it limits aggregate consequences of profit redistribution. Indeed,

20. Wealth corresponds the net worth: total financial assets net of total debt. See Appendix B.2.1 for more details.

21. Gali and Gertler (1999) directly estimate the Phillips curve and find a slope between 0.018 and 0.047 (see
their Table 1). Estimation of full structural DSGE models often yields a lower slope, of around 0.01 (Altig et al., 2011;
Del Negro et al., 2015).

22. Section 5.4 and Appendix A.6 contain robustness exercises with respect to the level of wage rigidity @.

23. Similar adjustment cost values are used in Bayer et al. (2019) and Hagedorn et al. (2019).

24. Similar assumptions are made in Farhi and Werning (2019) and Ferrante and Paustian (2019).
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TABLE 2

Parameter calibration
Taxes 7 = 0.35 y =0.1 A1=0.68
Other fiscal variables T =0.11 G =0.13 D =1.33
Discount factors é‘high = 0.9988 Ap =0.028 zp(B, B) = 0.995
Labour supply h=1/3 B =0.61 o = 0.066
Income risk px = 0.939 oy = 0.287
Nominal rigidities e=e"=7 ® = 0" =200
Capital ¢ =15 0 =0.0235 o =0.36

Monetary policy ¢ =15

because d!'(x) is a function of an exogenous process, it does not directly affects households’
incentives to work, beyond wealth effects, which should be minimized for wealthier households.
In Appendix A.6, we show that our results are robust to alternative profit distribution rules.

Tax Function.—We assume a tax function 7 (wxh, ra) with a flat tax on capital income 7y,
and a non-linear tax rate z,(-) on labour income wxh: T (wxh, ra) = tra + r,(w"xh)w"xh.
The capital tax rate 7y is set to 35%, following Chen et al. (2007). This number primarily reflects
two flat taxes: corporate income taxes and property taxes.>’

For the labour tax, we assume a log-linear tax on labour income y, as t/(y;) =1 — Ay, 7.
With only two parameters, this tax function features a remarkable fit to the U.S. federal income
tax system.’® The first parameter, y , measures the progressivity of the taxation scheme. When
y = 0, the tax rate is constant: 7;(y;) = 1 — A Vy,. When y = 1, the tax function implies com-
plete redistribution: After-tax labour income (1 — 7,(y,))y, equals A for any pre-tax income y,.
A positive (negative) y describes a progressive (regressive) taxation scheme. The second param-
eter, A, measures the level of taxation. When y = 0, the tax rate is flat at exactly 1 — A. Thus, an
increase in 1 — A raises tax rates for all levels of income, while an increase in y makes tax rates
higher for high-income and lower for low-income households. We set y = 0.1, which is a value
in line with estimates in the literature. The value of A is computed so that the average labour tax
rate is about 28%, a standard number in the literature.?’

Fiscal and Monetary Authority Parameters.—We calibrate transfers T to match a transfers-
to-output ratio of 8.2%, the historical average for the post-WWII period. Public debt D is
set to match a debt-to-output ratio of 25% annually, so that total financial assets (public debt
plus capital) is about 10 times quarterly GDP, in line with flow of funds data for 1983.2% The
spending-to-output ratio implied by the government’s budget constraint amounts to about 10%,
a number within the range of what is typically used in the literature.?® Finally, we assume an
inflation target of IT = 1 and a monetary authority that responds with ¢ = 1.5 to inflation
deviations from its target. Table 2 summarizes the parameter values.

25. The capital income taxed at a progressive rate—that is, as ordinary income in the federal tax code—represents
only a small fraction of the fiscal revenues raised on capital income; see Joines (1981).

26. This tax function was initially proposed by Feldstein (1969) and has been recently used by Heathcote er al.
(2014) and Guner et al. (2014), among others. These papers argue that the tax function fits the U.S. federal income tax
code particularly well in recent years.

27. See for instance Trabandt and Uhlig (2011).

28. Total financial assets for households in 1983:Q4 were $9, 937.8 (U.S. billions), see “Balance Sheet of House-
holds and Nonprofit Organizations” in Table Z.1 of flow of funds. Annual U.S. GDP that year was $3794.7 U.S
billions.

29. Typical numbers go from about 6% (Brinca et al., 2016) to 18% (Smets and Wouters, 2007).
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TABLE 3
Marginal propensities to consume
Wealth quintile 1 2 3 4 5
mpc quarterly 0.57 0.11 0.06 0.03 0.01
mpc annual 0.65 0.29 0.21 0.11 0.04

Notes: Households are sorted by wealth. See text and Appendix A.3 for more details.

3.4. Heterogeneity in Ipe and mpc

The calibrated model generates a rich heterogeneity of mpc and Ipe across households, which
we next compare with data counterparts. While both margins are important, we discuss Ipes in
more detail as it has been explored less in the literature so far.

Marginal Propensities to Consume.—Table 3 reports quarterly mpc out of a one-time $500
rebate, by wealth quintile. As typically found empirically, mpc in the model declines with
wealth. The average mpc is 0.16, while it amounts to 0.57 in the lowest quintile. These num-
bers are in line with estimates elsewhere in the literature (Kaplan and Violante, 2014; Misra
and Surico, 2014; Kaplan et al., 2018). Empirical work sometimes reports annual numbers for
mpc (Fagereng et al., 2021; Crawley and Kuchler, 2023), which we report in the second line of
Table 3.39 As expected, the average annual mpc is larger, at 0.26, and decreases with wealth at a
somewhat slower rate.’!

We also report the correlation of mpc with income, as progressive taxes are a function of
income rather than wealth. We use the Italian Survey on Household Income and Wealth (SHIW)
for data computations, which surveys household-level mpc (Jappelli and Pistaferri, 2020).%?
The model correlation between mpc and after-tax labour income is —0.12, close to the —0.10
obtained in the SHIW—for total after-tax income, the correlation is —0.18 in the model versus
—0.12 in the data.’® Overall, the model generates empirically plausible mpc profiles with respect
to both, income and wealth.

Labour Participation Elasticities.—A large body of work has measured labour supply elas-
ticities across different demographic and income groups.** A consensus has emerged that labour
supply responsiveness to tax changes is mostly due to the extensive margin ( Heckman, 1993)
and that [pes are significantly larger for lower-income earners (Blundell, 1995).%> In particular,
Meghir and Phillips (2010) find an /pe of 0.32 for prime-age males with low education levels in
the U.K., while the elasticity is only 0.03 for households with the highest education. Similarly,
for the U.S., Moffit and Wilhelm (2000) find an Ipe of 0.2 for medium-income households and

30. See Table 1 in Carroll et al. (2017).

31. Using Danish data, Crawley and Kuchler (2023) get an (annual) mpc difference of 53 bps between top and
bottom liquid-wealth quintiles (see their Figure 2), close 60 bps we obtain in our model.

32. See Appendix B.2.2 for data details.

33. We trim households with less than 1% probability of working for these model computations.

34. Two outstanding recent surveys of the literature are Meghir and Phillips (2010) and Keane (2011)

35. An important exception arises when measuring the elasticity of taxable income, which is found to be larger
for very high-income earners (Saez, 2004). This higher elasticity, while inconsistent with our model, is concentrated at
the top 1% and thus likely to have contained effects on aggregate labour supply in our set-up. Furthermore, evidence
shows that the higher elasticity of taxable income at the top is a short-run effect and the result of income-shifting
rather than hours worked (Piketty and Saez, 2013). Using detailed data on executives compensations, Goolsbee (2000)
finds a short-run elasticity of taxable income larger than one but, at most, 0.4 and probably closer to zero after 1 year.
Furthermore, conventional forms of taxable compensation (such as salary and bonuses) show little responsiveness to tax
changes. In a recent review, Saez et al. (2012) conclude: “There is no compelling evidence to date of real responses of
upper income taxpayers to changes in tax rates” (original italics).
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TABLE 4
Labour participation elasticities
Income quintile 1 2 3 4 5
Ipe 0.75 0.25 0.23 0.18 0.04
Ipet 1.03 0.56 0.23 0.14 0.03

Notes: Households are sorted by income. See text and Appendix A.3 for more details.

essentially zero for top-income earners.>® Based on this evidence, the public finance literature
has typically used Ipes that substantially decrease with income. For instance, Kleven and Kreiner
(2006) and Immervoll ef al. (2007) assume an Ipe between 0.6 and 0.8 for the lowest income
deciles and an elasticity of zero for the highest-income deciles. Our model-implied elasticities
are within this range, as we discuss next.*’

Consistent with the empirical literature discussed above, we measure labour supply elas-
ticities by regressing hours worked on after-tax hourly wages (MaCurdy, 1981; Altonji, 1986;
Blundell et al., 1998). Because most empirical estimates use annual frequency samples, we fol-
low Chang and Kim (2006) and simulate a panel of households at a quarterly frequency and then
time-aggregate to an annual frequency.*® We then estimate the following regression:

Inh;, = by + by Inw;, — by Inc;, + €y, 201

where h;,, W;,, and ¢;;, correspond to hours worked, after-tax hourly wage, and consumption of
household i during year n, respectively. The resulting parameter b, is typically referred to as the
micro-Frisch labour supply elasticity, which is our /pe measure.

The model-implied Ipes decline with income, as shown in the first line of Table 4 shows. The
elasticity is about 0.75 for the bottom quintile and below 0.2 for the top quintiles, averaging to
0.24 for the entire population. This distribution is in line with the empirical findings described
above.

Further support of the model-implied Ipes comes from Erosa et al. (2016), who estimate
a rich structural life-cycle model and compute labour supply elasticities for different groups.
They report an Ipe of 1.08 after a one-time 1% increase in wages. We obtain 0.68 when per-
forming the same exercise in our model, close to their estimates for workers aged 25 to 54.
Erosa et al. (2016) further report a twice-as-large Ipe for non-college relative to college workers,
suggesting substantial Ipe heterogeneity across income groups.

Finally, we compute labour supply elasticities in our model out of a transitory increase in
taxes, which is more directly informative of the exercises we perform in Section 4.>* The second
line in Table 4 presents an [pe after a labour-tax rate increase of 1%, which we denote /pe®. For
each household with state s, we compute an /pe® (s) as the change in the probability of working

36. Meghir and Phillips (2010) use their estimated model to simulate the outcome of a tax reform and find mute
labour supply responses for top-income earners and substantial ones for bottom-income earners (see pp. 248-251). Juhn
et al. (2002) estimate a bottom-decile elasticity that is twice as large as the median-income elasticity using CPS data.
Similar findings are provided in Aaberge et al. (1999) using Italian data.

37. We exclude an intensive labour supply margin from our model because the elasticity of hours worked is typ-
ically seen as small and, more importantly, homogeneous across workers (Mroz, 1987). For instance, when considering
the intensive margin in addition to the extensive one, Kleven and Kreiner (2006) and Immervoll et al. (2007) assume
an elasticity of hours worked equal to, at most, 0.1 and constant across households. Diamond (1998) and Saez (2001),
among others, also assume a homogenous intensive labour supply across households. Erosa et al. (2016) also find
homogenous elasticities on the intensive margin. See also Triest (1990) for an empirical evaluation of this assumption.

38. We drop observations with zero hours worked during the year. See Appendix A.3.2 for more details.

39. We are thankful to one of our referees for suggesting this exercise.
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after the tax change. For each income group, we report the average Ipe withing the group. We
assume taxes return to steady state at a rate of 0.9 for these computations, the shock persistence
we use in Section 5.* The distribution /pe® follows the pattern of our previous Ipe estimates:
The elasticity is highest for bottom-income groups and monotonically decreases to become close
to zero for top-income groups.

Overall, the model yields empirically realistic distributions for both mpc and Ipe. As we
show below, both dimensions of heterogeneity are quantitatively important for the effects of the
distribution of taxes on spending multipliers.*'

4. ANALYTICAL RESULTS

The central argument of this paper is that the distribution of taxes across households shapes
spending multipliers. In this section, we derive analytical expressions from our model that for-
malize how aggregate labour supply and consumption depend on the distribution of tax changes
used to finance the fiscal stimulus.*? The expressions we derive link tax changes to aggregate
outcomes via the distributions of mpc and Ipe across households. We then use the model-implied
mpc and Ipe to perform back-of-the-envelope calculations on the importance of the distribution
of taxes. The results we present in this section build intuition on the quantitative findings in
Section 5.

4.1. Tax effect on labour and consumption: formulas

Consider a labour tax increase across households. Let 7, (s) be the labour tax rate faced ¢ periods
after the tax change by a working household with state s, and let 7,(s) be its steady-state coun-
terpart. Denote Az (s) = %&;‘m the proportional tax change the first period after the change
in taxes. We derive the response of aggregate labour and consumption to this tax change.
Labour—Let AL = % be the proportional change in labour supply the first period after

the tax change, which can be expressed as
AL = —/lpe’ () Az (s)’ () du(s), (22)

where [pe®(s) is the labour tax elasticity discussed in Section 3.4, and w’(s) = )%(5) is the
share of effective labour provided by households with state s.*> Equation (22) can be expressed
as
AL = —E'[Ipe” x At]
= —{E’ [Ipe"] x E‘ [Az] + Cov’ (Ipe’, A1)}, (23)

aggregate effective /pe

where E‘[-] and Cov’(-) use w’(s) x u(s) as a measure.

Equation (23) illustrates a core intuition of our results. The labour supply response to a
tax change depends on the average Ipe as well as on the distribution of tax changes across
households with different /[pes. Thus, we think of AL in equation (23) as the aggregate effective

40. See Appendix A.3 for more details.

41. For completeness, Appendix A.3 also reports marginal propensities to earn (mpe) by income quantile.
42. We are deeply indebted to one of our referees who suggested the work in this section.

43. Appendix A.4 derives all the expressions in this section.
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Ipe in the economy. If tax changes are the same for all households, Az (s) = A7 = Ef[A7], the
covariance term is zero and thus AL = —E/[Ipe’] x E[Az]: The labour change is the average
elasticity times the average tax change. Now, if tax changes are larger on low-Ipe households,
the covariance term is negative and thus AL > —E‘[Ipe’] x E‘[Az]. That is, labour supply
decreases by less when the tax burden is shifted toward low-Ipe households.

Consumption.—Let dC = C| — C be the change in consumption the first period after the
change in taxes, and let dT (s) = T1(s) — T (s) be the change in taxes paid on impact—that is,
dT(s) = t71(s)y{(s) — 7¢(s)y’(s). We can express dC as

dC = —/mpc(s)dT(s)d,u(s) — |:/ mpc(s) Ipe” (s) Az ()’ (s) du (s)i| w'L . 24)

tax burden channel labour supply channel

The first term in equation (24) measures the change in consumption due to higher taxes paid.
We refer to the first term as the fax burden channel. The second term in equation (24) measures
the effect that taxes have on labour supply and thus on income and consumption. We refer to the
second term as the labour supply channel.

We can decompose the tax burden channel as

tax burden channel = —E [mpc xd T]
=— {IE [mpc] x E[dT]+ Cov (mpc, dT)} , 25)

where E[-] and Coo () use u(s) as a measure.

The intuition of equation (25) mirrors the one discussed for A L. The consumption response
to a tax change depends on the average mpc and on the distribution of tax changes across house-
holds with different mpc. The covariance term shows that the consumption response is amplified
when tax changes are larger for high-mpc households, while the response is dampened when the
tax burden is shifted toward low-mpc households. The intuition of the tax burden channel relates
to the recent work in Auclert et al. (2018) and Bilbiie (2019), who argue that tax incidence across
households with different mpc can affect aggregate outcomes.

Next, we can decompose the labour supply channel as

labour supply channel = —E [mpc x Ipe” x At]w"L

=—{Ef [mpc] {]E[ [lpe’] x E [At] + Covl(ipe®, Ar)}

aggregate effective /pe
4 T h
4+ Cov® (mpc,lpe® A7) ¢ w"L

=— {Ef [mpc] x AL + Cov! (mpc, lpe’AT)} w'L. (26)

Equation (26) shows how the consumption response depends on the effect that tax changes have
on labour supply. The first term in equation (26) captures an average crowding-out effect given
by the average mpc times the aggregate effective Ipe—as measured by A L. A tax change that leads
to a stronger crowding-out on labour supply also leads to a stronger crowding-out on consump-
tion. Thus, because of heterogeneity in Ipe, the distribution of tax changes alters the aggregate
consumption response, regardless of heterogeneity in mpc. Additionally, the covariance between
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mpc and Ipe also affects the consumption response, but its strength depends on the distribution of
taxes. The more taxes are raised on low-Ipe households, the closer to zero the covariance term is.
The intuition of the labour supply channel relates to the recent work in Patterson (2022), which
highlights that consumption responses are the compound of individual mpc and the exposure of
individual income to aggregate shocks.

4.2. Tax effect on labour and consumption: back-of-the-envelope calculations

We use the above-derived formulas to approximate the effect of a given distribution of tax
changes on labour supply and consumption. We consider two cases of tax changes: an all case
and a fop case. In the all case, taxes increase by 1% for all households: Az, (s) = Azy = 1%Vs.
In the fop case, taxes increase for the top-income quintile only: Aip(s) = Atiep > 0if s € top-
quintile and zero otherwise. We set A7y, so that the two cases generate the same amount of
revenues: E[d Ty, = E[dTa].

Note that Aty,, > Ay, as revenues are collected on a smaller fraction of households. Yet,
high-income households decrease their labour supply by less after a tax increase, as they have
lower Ipe; and their steady-state tax rates are higher in steady state, as taxes are progressive. In
turn, to obtain the same amount of revenues, the average tax change across the entire distribution
of households is lower in the top case than in the all case.** In particular, we obtain

E [Atiop] ~ 0.8% < Ef [Ary] = 1%. (28)

When evaluating the above-derived formulas, we use Ipe and mpc measures out of persistent
changes, which are more informative of the persistent spending shock we analyse in Section 5.
In particular, as we discussed in Section 3.4, the tax-elasticity /pe® reflects a 1% increase in tax
rates that returns to steady state at rate 0.9. Similarly, we use an mpc out of a $500 increase in
transfers that returns to steady state at the same rate. The more persistent increase in transfer
yields higher but less dispersed mpcs, with an average mpc of 0.35 and a correlation with labour
income of —0.04.

Labour—We evaluate the labour response introducing dt,; and d 1, in equation (23).

In the all case, the covariance between Ipe and At is zero, as the tax change is the same across
all households. Thus, the change in labour depends only on the aggregate Ipe averaged over
labour income, which is 0.11 in our calibration. As E‘[A ;] = 1%, we have ALy = —0.11%.

In the fop case, Eg[Arlop] = 0.8%, so the first term of the change in labour, Efllpet] x
E{[AT], is marginally closer to zero, at —0.09%. Furthermore, the covariance term becomes
negative in the fop case, as the tax change is concentrated on high-income/low-/pe earners. The
covariance contributes to an increase of about +0.07% in labour, setting the overall labour sup-
ply response at ALy, = —0.02%. Thus, the response in A Ly, is five times smaller than A Ly,
even if both cases raise the same revenues. This difference is mostly driven by the covariance
between Ipe and tax changes.®

44. The formal relationship between Ef[A Tiop] and E{[Arall] is given by the following formula, which
highlights both the higher steady-state tax rates and the lower /pe of the top-income earners in our economy:

Ef [z (1 — Ipe")]
El[z,(1 — Ipe?)|s € top]

E’ [Atiop] = Azan < B/ [Arg] = Az 27

45. This differential labour response resembles the empirical findings in Zidar (2019), who reports substantial
labour responses from tax cuts on bottom-income earners but mute responses from tax cuts on top-income earners.
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Consumption.—We evaluate the consumption response, AC = dC/C, using dty; and dzyop
in equations (25) and (26).

The tax burden channel implies a decline in consumption of —0.104% in the all case. When
all households face the same tax rate change, the covariance between mpc and dT is close to
zero. In contrast, in the fop case, taxes are shifted toward high-income/lower-mpc households,
so that the covariance between mpc and dT becomes more negative. In turn, the drop is 15%
smaller in the fop case than in the all case. The difference in consumption responses across tax
schemes due to the tax burden channel reflects mpc heterogeneity.

In the all case, the labour supply channel implies a further 25% decline in consumption
relative to the tax burden channel. In contrast, in the fop case, consumption declines only by 5%
more when including the labour supply channel. The larger decline in the all case is due to the
larger aggregate effective Ipe, as the covariance between mpc and Ipe weighted by tax changes
is quantitatively small. Thus, the difference in consumption responses across tax schemes due to
the labour supply channel mostly reflects Ipe heterogeneity.

Overall, the drop in consumption is about about 35% larger in the all than in the top case,
with ACy = —0.13% and ACyp, = —0.09%. The tax burden channel and the labour supply
channel contribute roughly equally to this difference in consumption responses.

5. QUANTITATIVE RESULTS

The previous section provided analytical insights on how the distribution of taxes affects house-
holds’ behaviour. In this section, we pursue quantitative experiments to assess the effect of
government spending across different taxation schemes. The model implies a rich, and empiri-
cally realistic, distribution of Ipe and mpc across households. It also includes standard features
in New Keynesian models, which makes it useful for analysing demand shocks. As such, our
model is a suitable environment to explore how spending multipliers depend on the distribution
of taxes.

5.1.  Experiments

We model a fiscal stimulus as a 1% unexpected increase in government spending, which grad-
ually returns to its steady-state value at rate pg = 0.90. This number is in line with the average
persistence for a spending shock, as we report in Section 6.*° We assume the economy was at
steady state before the spending shock and that there is perfect foresight after the shock.

Financing Scheme: Debt and Taxes.—The increase in spending is financed with a combina-
tion of debt and taxes. We follow Uhlig (2010) and model debt dynamics as

Dy — D =0(F — F), (29)

where F, = G, + (1 +rf)D; — t*r,A, + T represents fiscal deficits before labour tax revenues.
The parameter 6 captures the fraction of the spending shock financed through deficits. If § = 0,
debt is constant and the shock is entirely financed with higher labour taxes. If  is positive, part
of the shock is financed with debt.

Settling on a value for @ is not straightforward, as the extent to which deficits were used
to finance spending varied substantially across historical periods. For instance, while WWII
was initially heavily financed with debt, the Korean War was entirely financed with taxes.

46. This persistence is also close to estimates in the DSGE literature; see Christiano et al. (2014).
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As a benchmark, we use an intermediate case where 50% of the additional spending is financed
with deficits (0 = 0.5). This number is in line with the average response of deficit financing
to a spending shock, as we report in Section 6. We also consider alternative values for 6 in
Section 5.4.

The remaining fraction (1 — 6) of the additional spending is financed through labour taxes,
which can be done in different manners. To increase revenues, labour taxes can increase for
all workers. In this case, the progressivity parameter y, is kept constant, and only the level
of taxes A, is adjusted. Alternatively, the higher labour taxes can be concentrated within high-
income earners. To capture this case, we modify the tax function so that, relative to steady state,
higher y, increases taxes at the top without decreasing them elsewhere.*’ In particular, while the
steady-state tax scheme remains unchanged, labour income y, along the transition is now taxed
at rate 7, (v,) = max{z,(y¢), 7¢:(¥¢)}. As a consequence, selecting the level of tax progressivity
y, along the transition amounts to selecting the fraction of households that face higher taxes to
finance the spending shock.

We assume that y, responds to fluctuations in spending as

n—y=¢(G -G). (30)

The parameter ¢ captures the fraction of households facing higher taxes after the spending shock.
We report two cases similar to the all and the fop tax schemes of Section 4: (1) constant pro-
gressivity, where taxes increase for all workers (¢ = 0) and (2) higher progressivity, where only
the top 20% of households face a higher tax (¢ > 0). In both cases, the tax-level parameter A,
is determined every period to meet the government’s budget constraint (14), given the paths for
spending, debt, and tax progressivity.

Figure 1 reports average taxes per income group for both the constant and the higher-
progressivity cases, as well as spending and public debt. In the constant-progressivity case, tax
rates increase for all households. In the higher-progressivity case, higher taxes are concentrated
at the top 20% of workers, and thus tax responses are muted for the bottom-income groups.
Note that, beyond the change in statutory tax rates, effective tax rates may also vary because of
endogenous changes in wages and hours worked. The response of government debt is compara-
ble across the two taxation schemes. As we show next, the two tax schemes have very different
implications for the effects of government spending.

5.2. Spending multipliers and tax progressivity

Spending is more expansionary when financed with an increase in tax progressivity. As Figure 2
shows, the increase in output and labour more than doubles when more progressive taxes are
used. Similarly, while consumption declines in both cases, the contraction is substantially dimin-
ished with more progressive taxes. Hence, shifting the distribution of taxes across households
shapes the aggregate effects of government spending.

As is typically done in the empirical literature (Ramey and Zubairy, 2018), we compute

- P, : S =Y)
the spending multipliers at horizon h as m; = S="—~=.
2i=0(Gi=0)

and 10 years after the shock—the latter of which we consider a long-run cumulative effect of
the stimulus. Multipliers are larger when progressive taxes are used: about 0.36 after 10 years,

Figure 3 reports multipliers at 1, 2,

47. This change is sensible from a historical perspective. As discussed in Section 2, taxes often increased at
different rates across households to finance large spending shocks (wars) but seldom decreased for anyone during these
periods.



Ferriere & Navarro

Government Spending

THE HETEROGENEOUS EFFECTS OF GOVERNMENT SPENDING

21

Public Debt

1 o, 100.15
z ) ——Constant Progressivity
g O —Higher Progressivity
£ £ 1001 - - Steady-State
& i
0.5 i
: £
g g
& e
=S R S 5
L
0 5 10 15
Tax Rate Bottom 50% Tax Rate Bottom 50% to 80% Tax Rate Top 20%
228 30.85 B
R
A
&
3 23.7 30.75 36.35
e
g
23.6 5
R —— 30.65 S ininininid ininininini ininiainiain
0 5 10 15 0 5 10 15 0 5 10 15
Quarter Quarter Quarter
FIGURE 1

Spending shock financed with different paths for progressivity: fiscal policy
Notes: Model responses to a government spending shock financed with progressive labour taxes. Responses are computed for two paths
of progressivity {y}: constant progressivity and higher progressivity. The top-left panel depicts the impulse response of government
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Model responses to a spending shock financed with different paths for progressivity

Notes: Model impulse response to a government spending shock financed with progressive labour taxes. Impulse functions are computed
for two paths of progressivity {y;}: constant progressivity and higher progressivity.
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Cumulative multipliers with different paths for progressivity
Notes: Cumulative output responses to a spending shock financed with deficits (6 = 0.5) and progressive labour taxes. Multipliers are
reported for two paths of progressivity {y;}: constant progressivity and higher progressivity.

relative to 0.06 with constant progressivity.* As we discuss next, this difference in multipliers
largely reflects the direct effect of the distribution of taxes.

5.3. Direct and indirect effects: it’s all about taxes

This striking difference in responses across the two tax schemes can be decomposed into what
we refer to as a direct effect and an indirect effect. From the households’ perspective, the effect of
a spending shock only matters through four equilibrium sequences: taxes, wages, interest rates,
and dividends. We think of households’ responses to changes in taxes as the direct effect, while
general equilibrium changes in prices and dividends trigger an indirect effect. To decompose
direct and indirect effects, we feed taxes and prices into the households’ problem separately and
compute consumption and labour supply responses for each case.

In particular, given the three equilibrium price sequences {p;;};>0 = {u)th+ o Tr4js dig b0
and the labour tax sequence {7, ;} j>0, we can compute the households’ labour and consumption
responses as L, ({pi+j, Tr+j}j=0) and C;({pr+j, Ti+j} j>0). We compute the direct effect of taxes
by setting prices to steady state—that s, L,({p, 7/+,};>0) and C,({p, 7/+,}j>0). Analogously, we
compute the indirect effect of prices by setting taxes to steady state—that is, L,({p;+, 7};>0)
and C,({p:+j, 7} j=0). For each tax scheme, the left panel in Figure 4 reports the four equilibrium
sequences, while the middle and right panels display the resulting decomposition for labour and
consumption, respectively.

Results are stark. The general equilibrium effects of a spending shock are large but mostly
unaffected by the tax scheme. The sequences of wages, interest rates, and dividends are com-
parable across tax schemes, and, consequently, their effect on labour and consumption are also

48. We obtain larger multipliers when using an empirically relevant/more accommodative monetary policy, as
we discuss in Section 5.4.
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Direct and indirect effects of a spending shock across progressivity paths
Notes: The top panels depict the constant-progressivity case, while the bottom ones depict the higher-progressivity case. The left column
show the responses of labour taxes, interest rates, dividends-to-output, and wages after the spending shock. All variables are reported
as a percentage point difference from steady state, except for wages, which are in percentage deviation. Dividends of the financial
intermediaries are large on impact due to valuation effects, at —0.26% of output in the constant-progressivity case and —0.23% in the
higher-progressivity case; we exclude them from the figure to ease reading. The middle and right columns plot labour and consumption
responses, respectively, when feeding the labour taxes or all other sequences.

alike. As such, the indirect effects cannot explain the difference in responses under the two tax
schemes.

The direct effect of taxes accounts for virtually all of the differences in responses. With con-
stant progressivity, taxes increase for all households, including those with low income, who have
larger Ipe. Thus, labour supply declines substantially. Under the higher-progressivity tax scheme,
only low-Ipe households are taxed more, and thus labour supply contracts by less. A similar
rationale applies to consumption responses. When more progressive taxes are used, the tax bur-
den is shifted toward low-mpc households, which mitigates the crowding-out effect of the higher
taxes. As a result, both labour and consumption responses are larger.

Finally, the back-of-the-envelope calculations of Section 4.2 align well with the direct effect
of taxes on labour and consumption in the quantitative model, which confirms the usefulness of
the analytical formulas. We defer a detailed comparison to Appendix A.S5.

The Importance of lpe and mpc.—What are the respective roles of Ipe and mpc in explain-
ing the difference in responses across the two tax schemes? To complement the insights of the
analytical section, we consider two alternative calibrations of the benchmark model, each one
tailored to lessen the importance of Ipe and mpc at a time. In particular, we consider a “flat-
ter [pe” calibration and a “lower mpc” one. The flatter Ipe calibration increases the variance of
the working preference shock so that a household’s specific conditions become less relevant for
its labour supply decisions, and the distribution of Ipe becomes flat across income groups. The
lower mpc calibration assumes the same discount factor f§ for all households, which results in
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Difference in multipliers across progressivity paths: the role of [pe and mpc
Notes: Difference in multiplier, labour responses, and consumption responses, across taxation schemes for the benchmark calibration, the

“flatter Ipe” calibration, and the “lower mpc” calibration. Differences are computed as the path under the higher-progressivity case minus
the path under constant-progressivity case. See Appendix A.5.

lower as well as uniformly distributed mpc.*® In both cases, we recalibrate all remaining param-
eters to match the same targets we had in our benchmark calibration. Appendix A.5 contains
more details on the two alternative calibrations.

Figure 5 contains the difference in multipliers, labour responses, and consumption responses
across taxation schemes for the benchmark calibration, the flatter pe calibration, and the lower
mpc calibration. In particular, for each calibration, the left panel plots the difference of multipli-
ers under the higher-progressivity and the constant-progressivity case, while the middle and the
right panels plot the differences in labour and consumption responses, respectively.

Flattening Ipe and lowering mpc both have an important effect on the difference of multipliers
across taxation schemes. Especially initially, the difference in multipliers drops more in the
flatter Ipe calibration, but the lower mpc calibration also has a substantial effect on the difference
of multipliers. As expected, the flatter /pe calibration has a larger effect on the difference of
labour responses across taxation schemes, whereas the lower mpc calibration has a larger effect
on consumption. Thus, the distributions of both Ipe and mpc in our benchmark calibration are
crucial for the differences in responses obtained across the two tax schemes.

5.4. Robustness

We conclude this section by conducting a series of robustness exercises. First, we explore alter-
native fiscal and monetary rules. Second, we compute multipliers under a flexible wage economy

49. For the flatter [pe calibration, we adjust the difference in households’ discount factor A to obtain the same
average mpc. Similarly, in the lower mpc calibration, we adjust the working preference shock variance to obtain the same
average effective labour supply elasticity. See Appendix A.5 for details.
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Robustness to monetary policy and public debt Notes: The left panel depicts cumulative multipliers for the two tax
schemes—constant and higher progressivity—for the “Accommodative Monetary Policy” case. The middle panel
depicts cumulative multipliers for the two tax schemes for the “High Debt” case. The right panel plots the difference in
cumulative multipliers across the two tax schemes for the benchmark, the “Accommodative Monetary Policy ” case
and the “High Debt” case.

as well as under a neoclassical environment with no frictions. Finally, Appendix A.6 provides
further robustness under alternative profit distribution rules, as well as with heterogeneity in the
dis-utility of working. As we show, our results are robust to these alternative specifications.

Monetary Policy.—Empirically, nominal interest rates barely respond to spending shocks, as
pointed out in Hagedorn et al. (2019) and as verified in Appendix C.4 for our sample. In turn, we
compute multipliers under an “Accommodative Monetary Policy” where the policy rate remains
constant after the spending shock.’® Multipliers are significantly larger than under the benchmark
economy with a standard Taylor rule. Impact multipliers are above one and remain well above
the benchmark multipliers at 1-year and 2-year horizons, as shown in the left panel of Figure 6.
Yet, the difference in multipliers across the tax schemes is comparable with the benchmark,
as shown in the right panel of Figure 6. Thus, while an accommodative monetary policy leads
to larger multipliers, it doesn’t significantly affect the difference in multipliers across taxation
schemes.

Public Debt.—A larger debt issuance to finance the spending shock implies a smaller reliance
on taxes and may thus limit the effect of tax progressivity on spending multipliers. To check
the robustness of our results to the calibration of debt dynamics, we compute multipliers in an
alternative economy with “High Debt,” where # = 0.75. In that case, debt increases about twice
as much as in the benchmark economy.

50. We assume that the Taylor rule is reinstated after 50 years. See Hagedorn (2016) for more details on
determinacy in heterogeneous-agents models.
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Robustness to rigidities
Notes: The left panel depicts cumulative multipliers for the two tax schemes—constant and higher progressivity—for the “Flexible Wage”
case. The middle panel depicts cumulative multipliers for the two tax schemes for the “Frictionless Economy” case. The right panel plots
the difference in cumulative multipliers across the two tax schemes for the benchmark, the “Flexible Wage” case and the “Frictionless
Economy” case.

Larger debt issuance slightly reduces the difference in multipliers across tax schemes in the
first year but has a negligible effect later on, as shown in the right panel of Figure 6. In the long
run, the difference in multipliers is actually larger in the High Debt cases, as higher taxes are
needed to repay the public debt. Overall, our results are robust to the degree of responsiveness
in public debt: Both, the level and the difference in multipliers are only moderately affected by
the degree of deficit financing.

Rigidities.—Finally, we explore the importance of rigidities in Figure 7. We compare the
benchmark economy against two alternative economies: a “Flexible Wages” economy and a
neoclassical “Frictionless Economy” with neither price nor investment frictions.’! Qualitatively,
the difference in multipliers across the two tax schemes is larger with fewer frictions. In the
absence of price rigidities, the labour market is not demand-driven, and heterogeneity in Ipe
becomes more consequential to labour responses, which reinforces the difference in multipliers
across tax schemes. The levels of multipliers, however, are sensitive to frictions in the economy:
Multipliers are about 15 basis points smaller with a Flexible Wages economy, and dive into
negative in the Frictionless Economy. Thus, rigidities moderately dampen the differences in
multipliers across tax schemes, but, as well established in the literature, they are essential to
obtaining empirically reasonable levels of multipliers.>>

51. For the Flexible Wages economy, we set the cost of adjusting wages to ®" = 0. For the Frictionless
Economy, we set all price adjustment costs to zero, @ = @ = 0, as well as the cost of adjusting capital to ¢>k =0.
52. Appendix A.6 further explores how the relative contributions of heterogeneity in Ipe and mpc change with

the degree of wage rigidity.
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Defense spending and Ramey—Zubairy defense news

Notes: “Government Spending” corresponds to all spending, excluding transfers, in 2005 dollars and per-capita terms. “News” represents
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Overall, multipliers are larger when financed with an increase in tax progressivity, and this
result is robust to the exact dynamics of public debt or monetary policy responses.

6. EVIDENCE

The analysis of the last two sections argues that the effects of government spending are shaped
by the distribution of taxes. In this section, we provide two sets of empirical findings that
substantiate this result.

First, we explore the behaviour of taxes after a spending shock. We find that average tax rates
(ATRs) do increase after a shock and substantially more for top-income earners. As such, the
average spending shock in the U.S. resembles the progressive tax scheme in our model.

Second, we separate spending shocks financed with an increase in tax progressivity from the
ones financed with constant or smaller progressivity and compute multipliers for each case. In
line with the model, we find that multipliers are considerably smaller when spending shocks
were financed with constant or smaller progressivity.

All estimations in this section use data starting in 1913, coinciding with the creation of the
federal tax system in the U.S. As Figure 8 shows, the largest fluctuations in spending occurred
during the first half of the past century. A long time series is important to cover all large changes
in spending as well as the major tax reforms.

6.1. Multipliers and tax responses

We use the local projection method in Jorda (2005) to estimate responses to spending shocks,
with an instrumental variable procedure as recently carried out by Ramey and Zubairy (2018).
We start by estimating output effects and then move to the responses of taxes.
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Spending Multipliers.—We estimate spending multipliers as follows:

h h

S Ay = gn O Z A my > A g+ gtrend, + ey forh=0,1,2,...,H, (31)
j=0 j=0

where Ay, = Y’*’)’, Yot is the GDP growth, Al'g,,; = 9#=9=1 is the adjusted-by-GDP
increase in governmeﬁt spending, and Z, is a set of controls. For each horizon 4, the coeffi-
cient m; measures the cumulative response of output to a $1 increase in government spending.>*
Equation (31) is estimated by a two-stage least-squares procedure, where cumulative spending
growth is instrumented by an identified spending shock g* to control for endogeneity.>

We use as instruments g;° the two most common measures in the literature: the government
spending innovation as identified by Blanchard and Perotti (2002) (BP shock henceforth) and the
defense news variable constructed by Ramey (2011) and updated by Ramey and Zubairy (2018)
(RZ shock henceforth). The control Z; includes eight lags of GDP, government spending, and the
average marginal tax rate (AMTR); the trend is quartic; and the data are quarterly from 1913:Q1
to 2006:Q4.%° We use the Newey—West correction for computing standard errors (Newey and
West, 1987).

Spending induces an output expansion, with a cumulative effect of 80 cents per dollar after
3 years, as shown in Figure 9. This estimate is in line with common findings in the literature
(Ramey, 2016), as we follow the identification and methods commonly used in the literature.>®
Next, we estimate the response of the distribution of taxes to a spending shock, a key input in
our model and a novel empirical contribution.

Response of Taxes.—We estimate the dynamic response of taxes as follows:

t+h

G
r[+h—rt_1=ah+AhZ,+,Bhln(G )+¢trend,+et+h forh=0,1,2...,H, (32)

t—1

where 7, is the ATR for a certain group of households. For each horizon h, f, measures the
change in ATRs for a 1% increase in spending over i quarters. Equation (32) is estimated by
a two-stage least-squares procedure, where spending growth is instrumented by the BP and RZ
shocks as before, and we use the same controls, trends, and dates. The ATR measures 7; come
from Piketty et al. (2018). Figure 10 shows the response of taxes to a spending shock, evaluated
at the spending path used in the model of Section 5.5

The estimated tax response has two remarkable features. First, ATRs do increase after a
spending shock, consistent with the fact that spending shocks are financed with a mix of taxes

53. The GDP-adjusted measure of spending growth allows us to interpret mj as a multiplier without further
transformation, as initially discussed by Hall (2009).
54. An alternative procedure to estimate the output multipliers is to project Ay, ; and AJg.;

on gf separately, obtain coefficients ﬁjAy and ﬁjAg, respectively; and, finally, compute multipliers as

my = ZI}':O ﬁ’jAy / Z?:O /fjAg . This alternative computation is numerically identical to the coefficient mj, obtained in
equation (31). An advantage of estimating equation (31) directly is that it allows us to use more than one shock measure
g7 as an instrument, as discussed by Ramey (2016). In addition, standard (asymptotic) inference can be used even if the
instrument is a generated regressor; see Chapter 6 in Wooldridge (2010) for a further discussion.

55. We stop our sample in 2006:Q4 to avoid using data during the Great Recession, but Appendix C shows that
results are robust to using alternative time periods. We transform the annual measure of average and marginal tax rates

into a quarterly one by repeating it four times. See Appendix B for data details.

56. See Appendix C.6 for a comparison of our results with previous work.

57. As we discuss below, the path for spending estimated from these shocks is similar to the one used in the
model of Section 5.
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Cumulative multipliers

Notes: Cumulative output response to a spending shock for 4 years. Responses are estimated by a local projection method. The data are
quarterly from 1913 to 2006. Confidence intervals are 68%.

and deficits. Second, this increase is entirely due to the response of tax rates for the top 50% of
income earners. The response for the bottom 50% is essentially zero. The difference in tax rates
between these two groups increases by about 4-5 basis points, a number comparable with the
increase in the model for the progressive tax scheme.’® As such, the average spending shock in
the U.S. was financed with an increase of tax progressivity.

Deficits and Persistence of Spending.—We empirically verify the model calibration for the
persistence of spending (p¢) and the response of fiscal deficits (8). We project ln(%)on gr (see

the left panel of Figure 11) and fit an AR(1) to the estimated response of spending to shocks.>
While this procedure delivers a persistence of 0.92, we calibrate persistence to a slightly lower
number, pg = 0.9, to remain close to the typical estimates in the DSGE literature (Christiano
etal.,2014).

The right panel of Figure 11 plots the deficit multiplier—the increase in deficits after a $1
increase in spending—estimated using deficits to GDP as the dependent variable in equation
(31). In the model, the deficit multiplier equals € on impact, which we set at 0.5, in line with the
estimate.

Taking stock, the average spending in the U.S. was financed with deficits and an increase in
taxes on high-income earners. That is, the estimated spending multiplier—which is consistent
with the usual findings in the literature—should be understood in association with an increase
in tax progressivity. The model we presented in Section 3 can rationalize this relation.

58. Tax data limitations before the 1960s restrict us from exploring a finer decomposition of tax rates by income
quantile.

59. For this exercise, we use the BP shock as g;* which measures immediate responses of spending, relative to
the RZ shock, which measures news about future increases. See Appendix C.6 for a comparison of each shock effect on
spending, as well as Ramey (2016) for a more detailed discussion.
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FIGURE 10
Average tax responses to a spending shock
Notes: Average tax rates responses by income groups to a spending shock for 4 years. Income groups are: average response across all tax
units (left panel), top 50% and bottom 50% (middle panel), and top 50% minus bottom 50% (right panel). Responses are estimated by a
local projection method. The data are quarterly from 1913 to 2006. Confidence intervals are 68%.
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FIGURE 11
Persistence of spending and deficit responses

Notes: Responses of spending (left panel) and deficits (right panel) to a spending shocks for 4 years. Responses are estimated by a local
projection method. The data are quarterly from 1913 to 2006. Confidence intervals are 68%.
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6.2. Progressivity-dependent multipliers

While the average tax response to a spending shock was progressive, some events—including the
Vietnam War and the Reagan defense build-up—were financed more evenly across households.
As such, the U.S. history of spending and taxation can be insightful to learn how the distribution
of taxes shapes spending multipliers. We take advantage of these historical variations and follow
a quasi-narrative approach to separate spending shocks that were financed with an increase of
tax progressivity from those financed with constant or smaller progressivity.

Equation (31) can be adjusted to accommodate progressivity-dependent relations as follows:

h h
D ANy =T(p =P) Japs+ ApZioi+mpn D Mgy,
j=0 j=0
h
+1(p =N) ann + AvaZi +myn D Algijt + ptrend, + &4, (33)
=0

where p, is a variable that captures the progressivity of taxes used, which we discuss
below, and I(-) is an indicator function. Note that multipliers {m,;} now depend on the
tax progressivity—p; = P for spending shocks financed with an increase in tax progressiv-
ity (henceforth progressive shocks) and p; = N otherwise (non-progressive shocks). A key
advantage of the local projection method, which allows us to estimate progressivity-dependent
responses as the outcome of an ordinary least squares procedure.

Progressivity Selection Criterion.—Key to this approach is the selection of shocks into pro-
gressive and non-progressive. To do so, we follow a quasi-narrative approach; that is, we propose
a systematic approach to categorize shocks into progressive and non-progressive and then verify
that the implied classification of shocks is sensible from a historical perspective.

To estimate a measure of progressivity, we maintain the log-linear tax function used in
Section 3, which—as discussed above—approximates well the U.S. federal tax code on personal
income. Under this assumption, progressivity y can easily be computed as a function of AMTR
and ATR:

y = (AMTR-ATR)/(1 — ATR). (34)

The computation of y in equation (34) is exact under the assumed log-linear tax function but
is also an intuitive proxy for tax progressivity. In particular, y increases when marginal tax
rates increase more than average tax rates, which often occurs when taxes increase at the top
of the income distribution without largely affecting taxes at the bottom. Importantly, measures
of AMTR and ATR have been constructed for the U.S. since 1913, and we can thus compute a
measure of progressivity covering the entire period in our estimations.®® This measure, plotted
in Figure 12, captures remarkably well the historical tax reforms since 1913, as we discuss in
detail in Appendix D.

60. We use the AMTR series constructed by Barro and Redlick (2011) and Mertens and Olea (2018) as well as
Internal Revenue Service Statistics of Income (IRS SOI) data and the Piketty and Saez (2003) measures of income for
constructing the ATR. See Appendices B.3 and B.1 for more details on the computations and data sources.
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FIGURE 12
U.S. federal income tax progressivity

Notes: Authors’ computations. See Appendix B.3 for details on computations.

We use this measure to separate shocks into progressive or non-progressive.’! We select a
shock in quarter ¢ as progressive if y, increases, on average, during the following A quarters:
{pr=P:y > y,”_l}, where y/ = AL,, Z?‘:’o Vi+; and ylb_] = Alh fi’l” yi—j. The remaining
quarters are labelled non-progressive.

Note that this selection criterion is forward-looking in nature to capture whose taxes are
raised subsequent to the increase in spending. Economically, it also presumes that households
have some predictive capacity on the near-future path of taxes, an assumption justified by the
long periods of political discussions typically observed before tax reforms, especially around
military events.”? We select A, = 12 and A, = 8, which delivers a reasonable categorization of
shocks.%® Figure 13 shows the periods selected as progressive, together with the two measures
of shocks, BP and RZ.

The selection criterion we propose is sensible from a historical perspective. WWI, WWII,
and the Korean War—three wars for which the fiscal burden fell undoubtedly more on wealthier
households—are categorized as progressive. The Vietnam War and the military build-up dur-
ing the Reagan Administration are categorized as non-progressive, in line with the narrative
discussed in Section 2. While spending shocks were smaller in the remaining years, our cri-
terion categorizes the H.W. Bush and Clinton Administrations as progressive, a period where
marginal tax rates increased at the top, and the W. Bush administration as non-progressive, when

61. Our estimate of y includes federal income taxes but excludes payroll taxes. We exclude payroll taxes
because they are exclusively used to finance Social Security benefits, which are not included in our spending measure.
Appendix C.3 reports progressivity-dependent multipliers when including payroll taxes to estimate y . As we show, our
results are robust.

62. This presumption is well supported by the empirical work in Kueng (2016).

63. In Appendix C, we show that results are robust to small changes in A, and Ap.
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FIGURE 13
Spending shocks selection: progressive and non-progressive
Notes: The solid line (left scale) plots the RZ shocks as in Figure 10 (bottom panel); the dashed line (right scale) plots the BP shocks.
Shaded areas correspond to periods of progressive shocks, p; = P, and white areas depict non-progressive shocks p; = N.

top marginal tax rates declined.®* Thus, although a simple and uniform measure of progressiv-
ity for such a long period has clear limitations, our approach yields a historically reasonable
categorization of shocks.

Multipliers and Progressivity.—The effect of government spending on output is significantly
larger for shocks financed with an increase in the progressivity of taxes, as shown in Figure 14.
In fact, the cumulative multiplier on output is positive only for progressive shocks: It is mildly
positive on impact and steadily increases to about 0.8 after 3 years. For non-progressive shocks,
the multiplier is initially negative and not statistically different from zero after 2 and 3 years. The
p-value for the difference in multipliers across progressivity is below 5% at all horizons plotted
(see Table 11).

Estimated multipliers for the progressive case are close to the average multipliers estimated in
Section 6.1, because the biggest RZ shocks—the most important for identification—are mostly
progressive. Still, the BP shocks are more balanced, and, as we show in Appendix C, our results
hold when using each instrument separately (see Table 12).

Our results are robust to several alternative controls and specifications. Recent work argued
that the level of slack in the economy can affect spending multipliers (Auerbach and Gorod-
nichenko, 2012b; Ramey and Zubairy, 2018). We show that multipliers are larger for progressive
shocks regardless of the level of slack in the economy. The recent work in Barnichon et al.
(2022) document argues that multipliers depend on the sign of the spending shock. We show
that multipliers remain larger for progressive shocks when conditioning on the sign of the shock.
Deficit financing could also affect the size of multipliers. We show that progressive and non-
progressive spending shocks induce very similar deficit multipliers. Multipliers can be larger
if monetary policy is constrained by a lower bound (Christiano et al., 2011). We still find
larger multipliers for progressive shocks when using data from 1953:Q1 to 2006:Q4, a period
when monetary policy was not constrained. Appendix C contains details of these experiments
as well as robustness with respect to using alternative windows A for the selection criterion

64. The entire history of spending and taxation is explored in more detail in Appendix D.
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FIGURE 14
Progressivity-dependent cumulative multipliers
Notes: Cumulative output response to a spending shock for 4 years, progressive and non-progressive shocks. Multipliers are estimated by
a local projection method. The data are quarterly from 1913 to 2006. Confidence intervals are 68%.

definition, different lags and trend specifications, and different periods (starting in 1953:Ql,
ending in 2015:Q4). Our findings are robust—spending multipliers are larger when financed
with an increase in tax progressivity. We see this outcome as compelling evidence suggesting
that tax progressivity shapes the effects of government spending, as implied by the model in
Section 5.9

7. CONCLUSIONS

We developed a HANK model to analyse how the distribution of taxes shapes government spend-
ing multipliers. We introduced an extensive labour supply decision and heterogeneity in discount
factors in the model, which result in cross-sectional distributions of Ipe and mpc in line with
evidence. The key implication of the model is a lower responsiveness to tax changes for top-
income earners. In turn, spending multipliers are larger when financed with an increase in tax
progressivity.

Our results are important in light of the history of the financing of spending in the U.S. As
we documented, the fiscal burden subsequent to a spending shock was, on average, tilted toward
high-income earners. Furthermore, while the average tax response was progressive, there was
a large historical variation across events, and some events were financed more evenly across
households. These differences in financing have quantitatively large implications on multipliers
through the lens of the model. This should be kept in mind when estimating and analysing the
effects of government spending.

65. We conducted similar exercises at the household level using TAXSIM data in a previous version of the paper.
Because TAXSIM is annual and starts only in 1960, the results were noisy but qualitatively in line with predictions of
the model. Results are available upon request.
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At a more general level, our analysis indicates that the distribution of taxes should be care-
fully accounted for when analysing any policy that has fiscal consequences. Monetary policy,
inflation targeting, exchange rate policy, and transfer policy are all examples of policies that are
not neutral for the government’s budget constraint. A complete analysis of such policies should
take into consideration their effects on the distribution of taxes.

APPENDIX
A. Model appendix
A.l. Model details

‘We use this appendix to discuss in more detail the household’s problem and the financial intermediary’s problem.

A.1.1. Details on household’s problem. Let Vth (a, x, p) be the maximal attainable value in period ¢
to a households who works /4 hours, has assets a, idiosyncratic productivity x, and discount factor f. That is, V,h (a,x,p)
is the value conditional on working % hours, and given as

Vlia, x, ) = max {log(c) — Bh+ BE[V,y1(d', ¥, B)x, B]}

subject to (A1)
c+d < w;’xh + (1 +r)a— T,(w;’xh, rea) + Tp +d,h x)

/
a >0.

Let cf‘ (a,x, ) and a,h/(a, x, f#) denote a household’s optimal policies conditional on working 4 hours, which achieve
value V[h (a, x, B) in equation (A.1).

Let ¢}, be the preference shock for each level of working hours 4, and collect them in the vector € = {eg, €j}. The
value V;(a, x, f) is the expectation over each possible level of working hours. That is

Vi(a,x, p) =E¢ [max {Vlo(a, x, B) + €o, V,h(a,x,ﬁ) + e};}] (A.2)
h
=pln Z exp(vt(a’x’ﬁ)) R (A.3)
hel0.i) ¢

where the expectation in equation (A.2) is taken over €, and the expression in equation (A.3) derives from assuming that
€j, follows a Gumbel distribution with variance g. In turn, the probability Ih;’ (a, x, f) of working A hours at time ¢ is

given as
h
exp ( v/ (ag,x,/n)

Viaxp) N
Zﬁe{o,z}exp(’ 2 )

A.1.2. Details on financial intermediary’s problem. The problem of the financial intermediary
reads

b/ (a,x, B) = (A4

1
F wF pF F F F F
Fi (A, K, ,D;) = - mlz;1x . |d, +71+r Ft+l(At+1’Kt+l’Dt+1)}
AL KD t+1
subject to

df +gf k[ + Dl + el =l + (af + ) K+ a+HDf . @A)
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First-order conditions with respect to capital and government debt read

L 0F4()
(kE):0=—gf + —— (A6)
s "l okl
1 0F;11()
(DQI);0=—1+T%. (AT
Tt+1 0Dt+l
Using envelope theorem on equation (A.5) we obtain
0F ()
Do =gf 4rf (A3)
oK
OF; (-
’F() =14rf. (A9)
D14
Introducing equation (A.8) into equation (A.6) and equation (A.9) into equation (A.7)
1
= (af +r5) A10
a 1474 (q“r‘ RS (A.10)
L+rf =1+rq, (A1)

which are equations (12) and (13).
To see the liability structure indeterminacy, consider the value of purchasing one unit of government bond which
can be financed in two possible ways: either by issuing equity or by raising deposits. Let A F; and A F4 be the value

of financing the bond with equity and deposits, respectively. The value A F; is givenby AFy; = —1 + 1+r1,+1 a;’D*Fl 0 s
1+1
that is, the unit cost today of raising equity today plus the discounted payoff of having the bond next period LZ:LFI(])
C 4
. — _ 1 0FKu0) 1 0F410) : : 0F410)
Similarly, the value AFy is given by AFy = Emo 6AZF+1 ETo 6Dl‘:_1 , that is, the financing cost aAf_H s
which is only paid next period and thus discounted, plus the payoff, which is same as before. The envelope theorem
implies %}') =—(1+r)andthus AF; = AF,.
oAy

A.2. Steady-state solution and transition computations

A.2.1. Steady state. To solve for the steady state of the economy, we need to find the real interest rate r and
the level of taxes 4. We explain next how we do this.

(0) Set grids for assets d, productivity levels ¥, and discount factor ,E . Let Ng, N, and Ny be the number of points in
each grid, respectively. Compute the transition matrix of productivities 7, (x’, x) using Tauchen (1986) method and
the transition matrix of discount factors 7 &, p).

(1) Guess values for the interest rate r and the tax parameter A. Recall that rk = rand qr = 1 in steady state. Compute
implied wages w from the price Phillips curve (5), and w" from the wage Philips curve (8).

(2) Solve for household policies by value function iteration. In particular, for a given guess of the value function
V(a, x, f), update the value function of working 4 hours in equation (A.1) as

V(@ x py =max Hlog(e) = Bh+f - 3T m 0mpBLpV (@4 B)
‘= . B)eGf)
c+d <wxh+ (1 +r)a—T(wxh,ra)+ T + d(x),

where T (wxh, ra) = tyra + wxh — A(wxh)! =7 . Then, using equation (A.3), update the value function as:

. oh .
Via,x,B)=0ln (Zhe{o,ﬁ} exp (W)) Iterate until [V — V| <&¥. Weuse e = 1e — 10.
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(3) Compute the stationary measure implied by the optimal policies of Step 2. In particular, for a given guess u(a, x, ),
compute implied measure ji(a, x, ) as

ﬁ(ai/,xj/, Bir)
Ng Ny Np

=330 > Lar =a" @ e G xprp B, BB @i B tais xj B,

i=1 j=1k=1pe{0,h}

a—aj_|

where L computes a linear interpolation: L(a;, a’) = I(a’ € (a;_1, ail) g—a -

Iterate until |4 — ul| < e. We
use ¢4 = le — 10.

(4) Compute A so that, given the household policies (Step 2) and the measure (Step 3), the government
budget constraint holds: 2 = [ [ (y¢(a, x, B) + txa)du(a, x, §) — (G +rD + T)/f ye(a, x, §)' =7 du(a, x, p)1
with ye(a, x, f) = wxh(a, x, f) the labour income. Similarly, compute excess demand of government bonds:
EA = A— (K + D), where A = Jadu(a, x, B) and K is given by the intermediate-good producers’ first-order
condition given prices and labour supplied by households L = [ xh(a, x, B)du(a, x, B).

6 If ||;l = < el and ||EA I < &4, the model converged. Otherwise, update r and A and go to Step 2.

A.2.2. Transition. We solve for the transition using a shooting algorithm. We assume the economy returns
to its steady state T periods after the shock. During the transition, we know the paths {G;, y; }IT:1 . We also know that the
value function at t = T is equal to its steady-state value V3 (a, x, f) = V(a, x, ) and that the measure at time # = 1 is
equal to the steady-state value u(a, x, f) = i(a, x, ). Then, given a guess for taxes and prices {;, w,h, r,}tf=l such

that (/lT, w’Tl S TF) = (A, wh , ), we solve the household problem backwards and iterate on the sequence {/;, w{’ LTt }IT:1
using a quasi-Newton algorithm to clear markets. More formally, we proceed as follows:

(1) Guess sequences {rtk , I, w? ,Ap, dy }tT:l for firms’ real rates, inflation, household wages, taxes and dividends—such
that (rkf, Iz, whf, A, dy) = (r, 11, wh , 4, 0). Given the path for inflation, compute the nominal rate {i,}thl using
the Taylor rule in equation (15), assuming that the nominal rate is fixed at the moment of the shock. Compute the real
rate {ry }tT:] using the Fisher equation (16). Finally, compute {qtk}fT:] using the financial intermediaries’ first-order
condition (12), and J; (x) using the rule for profits distribution.

(2) Solve for the household problem backwards. In particular, given the value function V;1(a, x, #) in period ¢ + 1,
solve for value of working / in period #’s as

Vi@ x. p) =max flog(e) = Bh+f 3w 0mp(B p)Vig (@ x5
a -
B (GBS EN))
c+d <wixh+ (1 +r)a—T(wixh, ra) + T + 6 (x),

where Ti(wixh, rra) = tpria + wexh — /lt(w,xh)l_y’. We then obtain Vi(a,x,p) =
Vl@x.p)
oln Zhe{o,ﬁ] exp 2

(3) Compute the time 7 + 1 measure using the household’s policies of Step 2. In particular, given x;(a, x, ), compute
t 4+ 1 measure as

)) and iterate backwards. As terminal condition, use V3 (a, x, ) = V(a, x, B).

No Np Np

i@ xj ) =2 > >0 > Lay = aj(ai, xj, f)Yas(cjr, x)ap B, Br)

i=1k=1k=I he{O,ﬁ}
x W (ai, xj, B (ai, X, i)

Use uq(a, x, B) = u(a, x, f) as initial condition.
(4) Compute market clearing errors:

o E/ :r,k - ?lk , wWhere ftk is computed using the intermediate-good producers’ first-order condition, with labour

and capital computed from the households’ policies Ly = [ xh(a, x, B)du;(a, x, B) and K; = (A; — D;)/qr]l] N
with A; = [adu;(a, x, f) and D, given by equation (29); and the marginal cost M; being computed from the
Philips curve (5);
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. E;I = qtk — é,k, where élk is computed using the capital-good producers’ first-oder condition (10) and capital is
computed from the households’ policies;

o E = wf‘ — thh, where ©;' is computed using the wage Philips curve (8), with w, given by the intermediate-good
producers’ first-order condition;

. EZG =G+ +r)Di+Tt — Dyy1 — f T (wexh, rea)dus (a, x, B) the error in government budget constraint;
and

. Eld =d; — dy, where d; is obtained from adding up realized profits from intermediate-good producers, capital-
good producers, labour unions and financial intermediaries at guessed prices.

Let E; = (EI, E], EY, EtG, Etd)/ collect all errors. Let £(X) collect the 5T x 1 errors for all periods along the

transition, where X' = {rlk , Iy, w,h LA, }tle. An equilibrium can be written as
&(X)=0. (A.12)

We solve for X in equation (A.12) using a quasi-Newton method.

When computing the fixed nominal rate case, the algorithm is modified as follows. We guess the same five sequences
{r,k, I, wf’ ,Ar, dy }thl for firms’ real rates, inflation, household wages, taxes and dividends. Given the path for inflation
and the fixed nominal rate for 50 years we use the Fisher equation (16) to compute the real rate. The rest of the algorithm
is as above. We additionally check that inflation is back to steady state after 50 years, which we find to be the case.

A.3. mpc and lpe computations

A.3.1. mpc computations. We compute the quarterly mpc in Table 3 using the steady-state consumption
policies. The only caveat is the effect that transfers have on the probability of working. In particular, let s = (a, x, f)
denote the state of the household and A be the transfer (e.g. $500 dollars). With a slight abuse of notation, denote
s+ A = (a + A, xp) as the state with an additional A of wealth. We compute mpc for each state s as

>h [Ihh (s + A)cf’ (s+ A)— h’ (s)cth (s)]
A s

mpc(s) = (A.13)

where h" (s) is the probability of working / hours, and ci‘ (s) is the consumption conditional on working 4 hours. That
is, we integrate over the working preference shock when computing mpc.

The annual mpc in Table 3 is similar to the quarterly one, but it requires following individuals over time. In particular,
let T'; (5, 5) be to probability that a household with state s reaches state § in j periods. Then, we compute the annual mpc
as

Al () _ i X5 [BG+ A G+ ApT;G +AA1’ s+ 8) =BG DTG, 0)] ,

Jj=0

(A.14)

where A ; = A for j = 1 and zero otherwise—and note that o (5, s) = 1if Zs) = s and zero otherwise. Thus, the annual
mpc takes into account the effect that a transfer A has on the probability of reaching state §.

A.3.2. Ipe computations. To compute lpe, we follow the method of Chang and Kim (2006). Using steady-
state policies, we simulate a panel of 50,000 households for 1,120 periods. We drop the first 1,000 periods and aggregate
the last 120 periods to build a 30 years annual frequency panel containing yearly means of: hours, wages, total income,
and consumption, for each household. Each year, we drop all observations with zero hours worked during the entire year.
Then, we sort households into quintiles each period by their income that period, and finally run equation (21). To avoid
a sample selection bias, we use the labour-income households would have if working when sorting them into quintiles.

We compute the tax elasticity [pe” out of a persistent increase in labour taxes. In particular, let 7, (y) = 1 — /lye_l[y
be the steady-state tax rate for an income level y,. We temporarily increase labour tax rates by A; so that, ¢ periods after
the increase, tax rates are 77 ;(yr) = (1 + As)te(yr). We set Ay = pAA,_1, with A| = 1% for the first period and
p A =09 We perform the exercise in partial equilibrium where all prices are kept constant. Let lh? (s) be the probability
that a household with state s works & > 0 hours 7 periods after the tax increase. We compute / pe; (s) for household s
hf (5)-h ()

as the change in the probability of working: Ipe; (s) = BF )
17 (s

. We then average Ipe; (s) by income groups and

report the elasticity for the first period, r = 1.
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TABLE 5
Marginal propensities to earn
Data Model Q1 Q2 Q3 Q4
Small windfall mpe 0.06 0.06 0.04 0.08 0.07 0.04
Medium windfall mpe 0.03 0.05 0.03 0.06 0.06 0.05
Large windfall mpe 0.01 0.03 0.02 0.03 0.04 0.04

Notes: “Data” report mpe as estimated in GGMN, Figure 3.5; “Model” reports the aggregate annual mpe in the model,
averaged over 5 years; “Q17—“Q4” report mpe by income quartile in the model. We report mpe for three windfall sizes.

A.3.3. Marginal propensities to earn. For completeness, we also report mpe along the income dis-
tribution. We compute mpe out of a one-time unexpected windfall in the model. While it depends on the size of the
windfall, the model-implied aggregate mpe is somewhat larger than empirical estimates (Imbens et al., 2001; Golosov
et al., 2021)—as typically found in the literature (Auclert et al., 2023).

In particular, we replicate the experiment in Golosov et al. (2021) (GGMN) in our model. Starting from the steady-
state distribution, we increase each household’s assets by the size of the windfall. We compute average labour earnings
of households for the next 20 quarters using non-stochastic simulation (Young, 2010)—as we did for annual mpcs
in equation (A.14). As control group, we also simulate a panel of households not experiencing a wealth shock. We
compute mpe as the difference between the average annual after-tax labour earnings of the two groups, relative to the
windfall. Following GGMN, we report mpe for three windfall sizes: a small windfall, at $165,000; a medium windfall,
at $650,000; and a large windfall, at $2,OOO,OOO.66 We obtain mpes equal to: 0.06, 0.05, 0.03, for small, medium and
large windfall sizes, respectively; compared to 0.06, 0.03, and 0.01 estimated in GGMN. Table 5 also reports the model-
implied distribution of mpe by income quartile.

A.4. Analytical results: derivations

This appendix provides the derivation of the analytical expressions presented in Section 4.
Labour.—For any variable z, let z; (s) denote the value of that variable 7 periods after the tax change for a household
71 (9)—7¢(5)

©G) the proportional tax change

with state s, and let z(s) be its steady-state counterpart. Recall that Az (s) =

the first period after the change in taxes. One can express AL = LIL—_L as

1
=1 / *($)(h1(5) = h(s))d p(5)

:/X(S)h(X) (h1(s) — h(s))/h(s) tp1(s) — 7¢(s)
L (ze1(s) — 7¢(s)) /7 (s) te(s)

= —/%lper(s)Ar(s)dy(s)

du(s)

_ / Ipe’ () At ()l (s)du(s).

where, as specified above, Ipe” (s) = % and ol (s) = %h(y) This recovers equation (22). Note that

/ o (5)due(s) = / KO g sy = 1

sodp(s) = ot (s)du(s) is a well-defined measure. Thus, one can rewrite equation (22) as

AL = —/lpeT(S)AT(S) dp(s)

and equation (23) follows from the definition of covariance.

66. GGMN group prizes in three bins: from $30,000 to $300,000; from $300,000 to $1,000,000; and above
$1,000,000.
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Consumption.—To derive the equation for consumption, let us first note that a change in after-tax labour income
$1(s) — 3(s) can be decomposed as

51 = 56) = (1 = 1 (Dwhx)h ) = (1 = 76N x()h(s)
= wx(5) (11 (5) = h() = [c1 " 2 ) = 760" 2 (h(s)]
= wx(s) (1 (5) = h(s) = [T1 () = T ()],

where T (s) = 771 (s)whx(s)h 1(s) is total tax paid by a household with state s the first period after the change in taxes.
Thus, a change in consumption dC = C1 — C can be expressed as

ac = [ @) = enauts) = [ SO=ED G16) = 56t
= [ e {6 t16) = ) = [1266) = T6)] | dats)
=~ [ mpe)TG)uts) + [ mpes)nx(s) () = 15 duts)

= —/mpc(s)dT(s)d,u(s) + |:/ mpc(s) lpe” (S)Ar(s)cog(s)d,u (s):| th,

tax burden channel labour supply channel

% and dT(s) = T1(s) — T (s). This recovers equation (24). Equation (25) follows from

covariance definition. Finally, note that we can use the same measure dp(s) defined above to obtain

where mpc(s) =

labour supply channel = [/ mpc(s) Ipe® (s)Ar(s)dp(s)] whL

and using again the definition of covariance delivers equation (26).

Back-of-the-Envelope Computations.—We derive next the formal relationship between ]E[[Artop] and IEK[AraH]
such that the two tax experiments generate the same revenues, taking into account behavioural responses. For any
distribution of taxes { Az (s)}, labour income of household s under the new policy is

(h1(s) = h(s)) /h(s) Te1(s) — 7(5)
(z1(s) — ¢(s)) /e (s) 7o (s)

31(8) = 02y (5) = W' (s) [

y(s)[1—Ipet (s)At(s)].

+ l]h(s)

Therefore, fiscal revenues in the first period after the tax change equate
Ri= [a6m©de = [ @+ 86 6m 6
= [+ M) [1 = 19" ()86 73 G)(s)
~ R+ [ 806 (1= 1peT9) 20061 )

~ R+ [/ At(s)Te(s) (1 — Ipe’ (s))(u[(s)dy(s)] whL,

where R = [ t¢(s)y(s)du(s) are the fiscal revenues in steady state and we approximated to the square of tax changes as
Zero: (Ar(s))2 ~ 0.
In the all experiment, all households face the same change in tax Azy,);. Thus, we obtain

R‘l111 ~ R+ Aty [/ ¢(s) (1 — Ipe” (s))wf(s)d,u(s):| whL

~ R+ E [Ara | B [er(1 — ipe®)] w''L,

where we used that E([A 7a11] = A1y, since taxes change the same for all s in the all case.
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TABLE 6
“Flatter Ipe”: calibration
Fiscal parameters T G D A
0.10 0.13 1.27 0.68
Preference parameters 0 Ap b B
0.33 0.039 0.999 0.42

Similar computations for the fop experiment deliver
Rllop ~ R+ |:A‘L’t0p /Yewp t7(s) (1 — Ipe” (s))a)[(s)d,u (s):| whL

~ R+ Atop |:/ cuf(s)du(s)i| Ef [z¢(1 = Ipe™)ls € top] w'L
sEtop

~ R +E! [Azop] Ef [7¢(1 — Ipe")|s € top] whL,

where we used that Ef[Azyy] = fs¢top 0wt (s)du (s) + fsetop Atiopo (s)du(s) = Atop fsetop o (5)du ().
Finally, imposing Rff“ = RllOp delivers equation (27).

A.5. Quantitative analysis

A.5.1. Direct effect of taxes: comparing quantitative and analytical results. The direct
effect of taxes on labour in Figure 4 aligns well with the magnitudes obtained from the analytical expressions in
Section 4.2. Tax rates increase by 0.44% on average in the constant-progressivity case, compared to 1% in the all case.
Consistently, the labour response is —0.037% in the constant-progressivity case, close to the —0.044% (= 0.44 x ALy))
implied by the the all case. Similarly, the labour decline in the top case is about five times smaller than in the all case,
thus implying a response of —0.008% (= —0.044%/5), close to the —0.003%, we obtain for the higher-progressivity
case.

The consumption response is —0.056% in the constant-progressivity case, in line with the —0.057%(= 0.44 x
ACyyp) implied by the all case. However, the consumption decline in the higher-progressivity case is even more muted
than predicted by the rop case. This discrepancy traces back to mpc computations, which we treated as a primitive in the
analytical section but are rather policy dependent. In particular, the analytical section uses an mpc out a persistent rebate
for all households, which is sensible for the constant-progressivity case when all households face higher taxes. Yet, in
the higher progressivity case, a household faces higher taxes only if they are at the top-20% of earners, a condition that
may change over time. This effectively lowers the persistence of the tax increase, thus leading to a lower mpc and a
smaller crowding-out of taxes on consumption. This underlines the usefulness of the quantitative evaluation we do in
Section 5.2, in complement to analytical expressions.

A.5.2. “Flatter Ipe” and “lower mpc” economies. Section 5.3 reports multipliers in two alternative
economies, each one tailored to lessen the importance of Ipe and mpc at a time. We describe their calibration next.

Calibration of the “Flatter Ipe” Economy.—We increase the variance of the working preference shock to o = 0.33
to match a flat profile of [pe. We recalibrate the distance in discount factors to A g = 0.039 to match an aggregate mpc
comparable to the benchmark calibration, at 0.15. Finally, we recalibrate labour dis-utility B as well as public spending G,
transfers 7 and debt D, to match the same targets as in the benchmark calibration. Table 6 reports calibration parameters,
while Table 7 shows the distributions of mpc and lpe.67

Calibration of the “Lower mpc” Economy.—This calibration removes heterogeneity in discount factors: Ag = 0.
We recalibrate the variance of the working preference shock to o = 0.048 to match the same average aggregate /pe, and
recalibrate all other parameters to match the usual targets. Note that the aggregate mpc falls to 0.03 in this calibration;
flattening the mpc profile without lowering the aggregate mpc cannot be achieved without an abnormally low discount
factor, which would imply a counterfactually high interest rate. Tables 8 and 9 report calibration and distributions of
mpc and Ipe, respectively.

67. See Appendix A.3 for more details on mpc and Ipe computations.
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TABLE 7
“Flatter Ipe”: mpc and Ipe
Wealth quintile 1 2 3 4 5
mpc quarterly 0.30 0.23 0.14 0.05 0.01
Income quintile 1 2 3 4 5
Ipe” 0.10 0.13 0.12 0.13 0.10
TABLE 8
“Lower mpc”: calibration
Fiscal parameters T G D A
0.11 0.14 1.37 0.68
Preference parameters 0 Ap P B
0.048 0 0.992 0.42
TABLE 9
“Lower mpc”: mpc and Ipe
Wealth quintile 1 2 3 4 5
mpc quarterly 0.09 0.02 0.01 0.01 0.01
Income quintile 1 2 3 4 5
Ipe® 1.06 0.75 0.18 0.02 0.00

A.6. Robustness analysis

A.6.1. Heterogeneous dis-utility of labour B. The model predicts a decline in hours worked as a
function of wealth, which is a counterfactual (Ferraro and Valaitis, 2020). In this appendix, we present a variation of
our model to generate a more empirically realistic distribution of hours with wealth. As we show, our results are robust:
multipliers are larger when financed with higher-progressivity.

We assume that the dis-utility of labour B is lower for households with the highest discount factor Shign. Thus, as
p is stochastic, so it’s B. We refer to this as the “(f, B) Model.” This alternative model generates wealthy households
with low dis-utility of working, so that hours worked across the wealth distribution becomes more in line with data. In
particular, we assume that households with the highest f have a labour dis-utility that is half the value for the remaining
population. Importantly, we recalibrate the preference shock variance, g, and the difference in discount factors, Ag,
to generate the same average /pe and mpc across households as in the benchmark model. We also recalibrate all other
parameters to same targets we have in the benchmark calibration.

Figure 15 compares the “(f, B) Model” calibration with the benchmark model. The “(f, B) Model” has a flatter
distribution of hours worked across wealth groups, with wealthy households working more than in the benchmark.
The distribution of assets and, more importantly, lpe and mpc are very similar in “(f, B) Model” and the benchmark
calibrations.

Figure 16 shows that, in the “(f, B) Model,” multipliers are also larger when financed with higher tax progressivity.
Because the distributions of /pe and mpc are comparable to the benchmark, the difference in multipliers across taxation
schemes are comparable to the benchmark. If at all, the multiplier under the higher-progressivity case becomes somewhat
larger in the “(f, B) Model,” as the high-income/low-Ipe households represent a larger share of total hours worked in
the alternative model.

A.6.2. Alternative profit distribution rules. The benchmark calibration assume that profits are redis-

tributed to households in proportion to their labour productivity; that is, d,h (x) = d,hx. This rule has two advantages:
first, the rule only depends on an exogenous process, so that profits only alter households’ behaviours through wealth
effects; second, the rule concentrates profits on wealthier households, so that the wealth effects associated with profits
are minimized.

However, in HANK models, the modelling of profit redistribution may not be innocuous. To quantify to which
extent our rule for profit distribution matters to the multipliers, we consider two alternative economies, with a “Less
Concentrated” and a “More Concentrated” distribution of profits. Formally, we assume that profits are redistributed as a

function of a polynomial of labour productivity, dth x) = dthx‘”, with @ = 0.5 for the Less Concentrated case and w = 2
for the More Concentrated case.
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FIGURE 15
Calibration of the “(, B) model”
Notes: The two top panels depict average hours and asset shares, respectively, by asset quintile. The bottom left panel plots mpc by asset
quintile. The bottom right panel plots /pe” by labour-income quintile. All four panels report both the benchmark and the “(f, B) Model”
calibration.
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FIGURE 16

Robustness to heterogeneous dis-utility of labour
Notes: The left panel depicts cumulative multipliers for the tax schemes—constant and higher progressivity—for the “(f, B) Model”
calibration. The right panel plots the difference in cumulative multipliers across the two tax schemes for the benchmark and for the
“(f, B) Model” calibration.
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FIGURE 17
Robustness to profit redistribution
Notes: The left and middle panels depict cumulative multipliers for the two tax schemes—constant and higher progressivity—for the
“Less Concentrated” and the “More Concentrated” case, respectively. The right panel plots the difference in cumulative multipliers across
the two tax schemes for the benchmark, the “Less Concentrated” case and the “More Concentrated” case.

Figure 17 depicts multipliers in both economies under constant and higher progressivity. Both the level of multipliers
and the difference in multipliers across tax schemes are comparable to the benchmark. The difference in multipliers is a
bit larger when profits are less concentrated, but overall, our results are robust to the exact concentration of profits in the
economy.

A.6.3. Relative roles of lpe and mpc under different levels of wage rigidities. In this
appendix, we discuss how the degree of wage rigidity (®%) alters the relative contributions of Ipe and mpc to the
differences in multipliers across tax schemes. We show that the relative [pe contribution, while mitigated with more
rigid wages, remains substantial for a reasonable range of @

The baseline calibration features a slope of the wage Philips curve equal to ¢ /®% = 0.035. We compute multipli-
ers under two alternative cases: “Flexible Wages,” with @ = 0; and “More Rigid Wages,” with @ = 600. The latter
implies a slope of the wage Philipps curve equal to 0.01, a number towards the lower end of values recently estimated
in Fitzgerald et al. (2022).98 For each level of wage rigidity, Figure 18 reports the difference in multipliers across tax
schemes for three calibrations used in Section 5.3: the benchmark calibration; the “Flatter I[pe” calibration, which iso-
lates the role of mpc heterogeneity; and the “Lower mpc” calibration, which isolates the role of Ipe heterogeneity. More
details on the counterfactual calibrations can be found in Appendix A.5.2.

In line with results in Figure 7, the difference in multipliers across tax schemes tends to fall with more rigid wages.
Still, the difference in multipliers amounts to 20 p.p. after 4 years in the “More Rigid Wages” case, compared to 24
p.p- in the baseline, and 25 p.p. in the “Flexible Wages” case. This decline in the difference of multipliers follows
from Ipe. When isolating the role of Ipe heterogeneity, the difference in multipliers falls as wage rigidity raises, as the
“Lower mpc” calibration shows. The role of mpc is less sensitive to wage rigidity, as the “Flatter [pe” calibration shows.
Intuitively, as wages become more rigid, labour is more demand-driven and thus the labour supply margin becomes less

68. Del Negro and Schorfheide (2008) suggest that the macro-time series typically used for DSGE estimation
are not informative enough to precisely measure the degree of nominal wage and price rigidity. Fitzgerald et al. (2022)
overcome this issue by using regional data and find higher—and more robust—estimates of the slope of the wage Phillips
curve. Similar estimates of the slope are found in Sbordone (2018). There is still an ongoing debate on estimates of
Phillips curve slopes (Hazell et al., 2022).
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FIGURE 18
The Role of Ipe and mpc across Wage Rigidity Levels
Notes: Each panel plots difference in multipliers across tax schemes for three calibrations: the benchmark, the “Flatter Ipe,” and the
“Lower mpc.” The left, middle, and right panels report the baseline (0% = 200), “Flexible Wages” (0% = 0), and “More Rigid Wages”
(@™ = 600), respectively.

relevant for the multiplier. However, as the right panel of Figure 18 shows, the relative contribution of /pe to differences
in multipliers remains substantial for a reasonable range of wage rigidity values.

B. Data sources and definitions

B.1. Macro-variables

We use the measure of Ramey and Zubairy (2018) for military news (data: quarterly, 1913-2012). Quarterly mea-
sures for GDP, GDP deflator, government spending, unemployment, population, 3-month T-bill, and fiscal deficits from
1913 to 2015 are also borrowed from Ramey and Zubairy (2018). Marginal and average tax rates are discussed in
Appendix B.3.1.

The estimates of Appendix C.7 additionally use data on investment, hours, and wages. We borrow investment and
hours data from Ramey (2011), who constructs quarterly variables for 1939 to 2008. We use total fixed private investment
and civilian non-farm hours.%® We use non-farm real hourly compensation (data, quarterly 1947-2012) as comparable
wage measures do not exist for longer periods.70

B.2. Micro-data

B.2.1. Wealth distribution: SCF. We compute households wealth distribution from the Survey of Con-
sumer Finances for year 1983. Wealth corresponds total financial assets net of total debt, that is: paper assets (variable

69. Investment data come from National Income, 154 Edition, A Supplement to the Survey of Current Business
for 1939-1946, and from Bureau of Economic Analysis for 1947-2008. Hours data come from Kendrick (1961) for

1939-1947 and from Current Population Survey for 1948-2008. See Appendix I in Ramey (2011) for more details.
70. Data come from Federal Reserve Bank of St. Louis (2023).
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B3303), gross value of other properties (B3801), and value of vehicles (B3902), minus total consumer debt (B3319). We
use the weights provided by the survey (B3016).7!

B.2.2. mpc and income: Italian survey of household income and wealth. We use last two
waves (years 2010 and 2016) of the Italian Survey of Household Income and Wealth (SHIW). We compute after-tax
labour income as: payroll income (variable YL) + pensions and net transfers (YT) + net self-employment income
(YM). Total after-tax income is: after-tax labour income + income from real-estate (YCA) + income from financial
assets (YCF).72

B.3. Taxdata

B.3.1. Progressivity construction. We build a novel time series to measure the progressivity (P) of the
income tax since 1913, using measures of ATR and AMTR. Our benchmark measure focuses on federal income taxes. In
particular, the ATR is computed as total tax liability over total income, where Total Tax Liability is computed for federal
taxes including tax credits (Source: SOI, IRS; 1913-2014 (annual), current dollars; data: SOI Bulletin article—Ninety
Years of Individual Income and Tax Statistics, 1916-2005, Table 2, Col. L, for years 1913-2005; data: Individual Com-
plete Report (Publication 1304), Table A, line 189, for 2006 onwards), and the measure for total income is borrowed
from Piketty and Saez (2003) (data: Table A0, years 1913—2014).73

For the AMTR, we use the time series of Barro and Redlick (2011) (data: federal, until 1945) and Mertens and Olea
(2018) (data: federal, years 1946—2012).74 The measure (P) is constructed as follows: P = (AMTR-ATR)/(1 — ATR).
Should the tax system be exactly log-linear, this measure would be equal to the parameter capturing the curvature of
the tax function. To see this, recall that under a log-linear tax system, given some income y, the after-tax income is
/lyl_V ; we define T(y) =y — /Iyl_y as the amount of taxes paid for income y, and 7(y) = 1 — Ay~7 as the tax rate;
the marginal tax rate is equal to 7/(y) = 1 — A(1 — y)y~7 and then

T')—t(y) (1= —y)y™7)—(1—2ay~7)
l—z(y) 1—(1-2y77)

=7.

Of course, one could be worried that our measure, based on effective tax rates, reflects changes in the distribution rather
than changes in the tax code itself. The TAXSIM program of the NBER, provides an annual measure of marginal and
average tax rates over all taxpayers, using a fixed sample of taxpayers (data: years 1960-2008, fixed distribution of
1984). We compute the P implied by their tax rates and find a correlation to our measure of progressivity of 0.79 in
levels and 0.80 in growth rate on overlapping periods.

We also use as a robustness a measure for progressivity including payroll taxes. To do so, we use the estimates of
marginal rates including social security taxes, as provided by Barro and Redlick (2011) and Mertens and Olea (2018)
at the link specified above; and we augment the Total Tax Liability with Employer and Employee Contributions for
Government Insurance (Source: NIPA, Table 3.6, Contributions for Government Social Insurance; we focus on lines 4
and 22 to be consistent with our measures of marginal rates).”> Table 10 reports the two measures of progressivity.

Finally, we extend our benchmark progressivity measure (P) until 2015, the latest available year for spending shocks,
using estimates of marginal tax rates for years 2013, 2014, and 2015 provided by Bayer et al. (2020) at this link.

B.3.2. Tax rates distribution. Average tax rates for different groups used in Figure 10 come from Piketty
et al. (2018) (data: Table TG1).

71. Data come from Board of Governors of the Federal Reserve Board (2006).

72. Data come from Banca d’Italia (2018).

73. Data come from Internal Revenue Service (2022).

74. Over the overlapping period, these two measures are almost undistinguishable, with a correlation of 0.99.

75. Data come from U.S. Bureau of Economic Analysis (2022). Note that it is also possible to use NIPA to build
a measure of Total Tax Liability for federal taxes, but one should be careful with the exact timing of tax revenues. In
particular, one can reconstruct Total Tax Liabilities of year y from Table 3.4, Personal Current Tax Receipts, as withheld
taxes (line 4) of year y plus Declarations and settlements less Refunds (lines 5 and 6) of year y + 1. However, this data
is available only after 1946. After 1946, the NIPA measure is very close to the SOI measure described above; prior to
1946, the SOI data is the only available source.


https://www.irs.gov/uac/SOI-Tax-Stats-Individual-Time-Series-Statistical-Tables
https://www.irs.gov/statistics/soi-tax-stats-individual-time-series-statistical-tables
https://www.irs.gov/statistics/soi-tax-stats-individual-time-series-statistical-tables
http://eml.berkeley.edu/~saez/TabFig2014prel.xls
http://rbarro.com/wp-content/uploads/2014/10/MacroEffects-redlick-data-EViews.xlsx
https://karelmertenscom.files.wordpress.com/2018/01/data_mmo.xlsx
http://users.nber.org/taxsim/allyup/
https://apps.bea.gov/iTable/iTable.cfm?ReqID=19
https://github.com/LuisCald/Tax-Progressivity-Construction
http://gabriel-zucman.eu/files/PSZ2017AppendixTablesII(Distrib).xlsx
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TABLE 11
Local projection methods: robustness
Progressive Non-progressive p-Values
Ly 2-y 3-y l-y 2-y 3y Ly 2-y 3-y
Benchmark 0.35 0.70 0.84 —0.17 —0.09 0.04 0.05 0.01 0.02
0.17) 0.12) (0.15) (0.26) (0.36) 0.41)
Expansions and slack
Expansion states 0.48 0.77 0.95 —0.62 —0.18 0.03 0.00 0.00 0.09
(0.13) (0.15) (0.20) (0.25) 0.43) (0.67)
Slack states 0.51 0.72 0.94 3.30 —4.60 —4.50 0.02 0.14 0.09
(0.23) (0.26) (0.20) (1.15) (3.57) (3.17)
Sign
Positive shocks —0.47 —0.21 0.21 —2.16 —1.56 —1.28 0.10 0.09 0.14
0.41) 0.41) (0.35) (1.28) (1.10) (1.29)
Negative shocks 1.63 1.13 1.33 —0.98 —1.30 —1.15 0.00 0.00 0.00
(0.52) 0.23) (0.28) (0.32) 0.59) (0.73)
Controls
No MTR 0.42 0.64 0.74 0.16 0.26 0.38 0.16 0.08 0.09
0.12) (0.06) (0.07) (0.19) 0.23) 0.21)
With ATR 0.32 0.70 0.86 —0.05 —0.01 0.21 0.26 0.03 0.02
(0.16) 0.11) (0.14) (0.27) 0.33) (0.32)
With deficit 0.29 0.63 0.75 0.04 —0.39 —0.72 0.56 0.10 0.04
(0.18) (0.15) (0.16) (0.42) 0.69) (0.78)
With T-bill* 0.56 0.76 0.93 —0.09 0.12 0.51 0.02 0.01 0.07
(0.09) 0.16) (0.20) (0.28) (0.26) (0.35)

Notes: This table shows robustness of the results with respect to the sample we use, the instruments, the number of lags,
the trend structure, and the window to define the selection criterion. The « indicates that the sample starts in 1920:Q1.
The last three columns report p-values testing for difference between progressive and non-progressive coefficients.

C. Local projection method: robustness

We use this appendix to discuss robustness of our empirical results. First, we show that our progressivity-dependent
multipliers are robust to changing controls, time periods, and other specifications. We also show that our results are robust
to conditioning on the state of the economy (slack versus expansion) as well as the sign of the shock, two elements that
can affect multipliers. Second, we show that the behaviour of deficits is similar across progressive and non-progressive
shocks. Third, we show that including social security taxes in the progressivity measure does not alter the estimated
progressivity-dependent multipliers. Fourth, we argue that difference in progressive/non-progressive multipliers is not
induced by the response of monetary policy to a spending shock. Fifth, we argue that there is no systematic state-level
response in taxes that could alter the interpretation of our results. Additionally, we compare our results to Ramey and
Zubairy (2018), whose methodology we borrow, and argue that our results align with theirs. The last section in this
appendix concludes by showing impulse response functions of several variables to progressive and non-progressive
spending shocks.

C.1. Multipliers: specification robustness

The benchmark estimation is as follows: spending is instrumented by two shocks, RZ and BP; the control Z; includes
eight lags of log GDP;, log G, and AMTR;; the trend is quartic; the time period is 1913:Q1-2006:Q4; the state is
defined with A, = 12 and Ay, = 8.

Tables 11 and 12 present numerous robustness checks. Table 11 documents multipliers by expansion/slack states, as
well as for positive/negative shocks, and under different sets of controls: without the marginal tax rate, with the average
tax rate, with fiscal deficit, and with T-bill. Table 12 explores robustness to the instrument we use, the time period, the
lags, the trend, and the definition of the selection criterion.”® The results hold in almost all cases, though when using only

76. We recompute the BP shock when changing controls or time periods, as to maintain the BP shock orthogonal
to the set of controls in the sample used.
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TABLE 12
Local projection methods: robustness
Progressive Non-progressive p-Values
I-y 2-y 3y l-y 2-y 3y l-y 2-y 3y
Period
1953:Q1-2006:Q4 223 2.68 2.67 —0.09 043 1.08 0.02 0.00 0.00
(0.71) (0.59) (0.45) (0.50) (0.44) (0.48)
1913:Q1-2015:Q4 0.36 0.72 0.87 0.10 0.13 0.29 0.28 0.02 0.02
(0.16) (0.11) 0.13) (0.20) (0.28) (0.30)
Shocks
BP only 0.30 0.76 1.00 —0.17 —0.30 0.10 0.36 0.27 0.44
(0.18) 0.17) 0.24) (0.47) (0.90) (1.06)
BP only* 2.38 3.57 3.35 —0.24 0.23 0.87 0.00 0.00 0.00
0.72) (0.80) (0.65) (0.51) (0.46) (0.51)
RZ only 0.67 0.68 0.80 0.17 —0.03 —0.06 0.06 0.04 0.04
(0.16) (0.15) (0.18) (0.33) (0.45) (0.53)
RZ only* —5.57 —2.27 13.88 —4.73 —3.19 26.13 0.90 0.87 0.91

(9.99) (5.04) (119.96) (16.37) (10.68) (234.31)
Specification

lag=4 0.39 0.70 0.84 0.13 0.17 0.27 0.12 0.03 0.03
(0.11) (0.07) (0.11) (0.15) (0.23) (0.25)

lag=2 0.41 0.69 0.79 0.20 0.20 0.22 0.23 0.05 0.03
(0.10) (0.05) (0.08) (0.14) (0.23) (0.25)

Windows

Ay =8 0.23 0.61 0.80 0.07 0.29 0.53 0.45 0.07 0.15
(0.18) (0.14) (0.15) (0.19) (0.25) (0.25)

Ay =16 0.44 0.74 0.87 0.07 0.17 0.14 0.22 0.07 0.05
(0.23) (0.14) (0.12) (0.26) (0.36) (0.43)

Ap =4 0.40 0.61 0.75 0.35 0.37 0.40 0.76 0.23 0.19
(0.15) (0.11) (0.13) (0.17) (0.22) (0.30)

Ap =12 0.29 0.64 0.83 —0.07 —0.03 0.13 0.08 0.00 0.00

0.18)  (0.14) 0.16)  (0.19)  (0.30) (0.35)

Notes: This table shows robustness of the results with respect to the expansion/slack state, and several controls. The
* indicates that the sample starts in 1953:Q1. The last three columns report p-values testing for difference between
progressive and non-progressive coefficients.

the BP shock the difference is statistically significant only from 1953 onwards. Multipliers are imprecisely estimated
when using only the RZ shocks from 1953 onwards, a finding that might be explained by the limited amount of RZ
shocks after 1953.

Multipliers and State of the Economy.—We check that our progressivity measure is not correlated with
the slack/expansion state of the economy, which could affect multipliers (Auerbach and Gorodnichenko, 2012b;
Ramey and Zubairy, 2018). In particular, the probability (measured as a frequency rate) of a progressive state
given economic conditions is always around 50%. We find that P(p; = progressive|z; = slack) = 0.53 and P(p; =
progressive|z; = expansion) = 0.45—with unconditional probability at P(z; = slack) = 0.48. Thus, it does not seem
that our progressivity-dependent multipliers are picking up a correlation with the cycle of the economy. Additionally,
while estimates are less precise when slicing the data further, multipliers remain larger after a progressive shock even
when conditioning on the state of the economy, as Table 11 shows.

Multipliers and Sign of Shocks.—The recent work in Barnichon et al. (2022) documents an interesting asymme-
try, with larger multipliers following a negative spending shock. As we argue below, our results do not seem to be
biased by a systematic relation between negative/positive shocks and progressive/non-progressive shocks. In particu-
lar, the RZ shocks, which are important for identification, are mostly positive and tend to be more progressive. Yet, we
find larger multipliers after progressive shocks. More generally, Figure 19 plots distribution of the RZ and BP shocks
conditional on progressive and non-progressive episodes. The RZ shock has more large positive realizations in the pro-
gressive episode than in the non-progressive episode, while the BP shocks are more balanced across positive/negative
and progressive/non-progressive shocks. Thus, there doesn’t seem to be a correlation between progressive and negative
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FIGURE 19
Size distribution of BP and RZ spending shocks

Notes: Distribution of shocks by sign: BP shocks (left panel) and RZ shocks (right panel); data: quarterly 1913-2006.

shocks. Additionally, as Table 11 shows, multipliers are larger after a progressive shock even when conditioning on the
sign of the shock.

C.2. Deficit financing and progressivity

‘We compute the response of fiscal deficits after both a progressive and a non-progressive spending shock. To do so, we
re-estimate equation (33) using deficits as a dependent variable. In particular, we estimate the following:

h h
D Adiyj=T(pr=P){aps+ApnZi—i +m[11:,h D Mgy
j=0 j=0
h .
+1(pr =N) {ann + AN Zi—1 +mY D Algiyj t + ¢ trend; + &1, (€.
j=0

—Di—y

where AhdH_h = DH"# and Dy is the fiscal deficit in quarter 7. Thus, AhdH_h is the adjusted-by-GDP deficit

growth. The coefficient mll’) ;, is the cumulative deficit multiplier: it measures the accumulated increase in deficits after
a $1 increase in spending.,The specification of equation (C.1) is the same as in equation (33) (controls, lags, and
instruments) and only the dependent variable changes.

The response of fiscal deficits is very similar across progressive and non-progressive spending shocks, as Figure 20
shows. If at all, deficits increase slightly more with non-progressive shocks. For progressive shocks, deficits cover around
50% of the stimulus initially, which increase up to 80% after a year before decreasing. For non-progressive shocks,
deficits initially cover 75% of spending and reach around 90% after a year before declining.

C.3. Multipliers: including social security taxes

Our progressivity measure is based on federal income taxes, and it does not include social security taxes. In this section,
we show that results are robust to including social security in our progressivity measure.
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FIGURE 20
Progressivity-dependent deficit multipliers

Notes: Cumulative deficit-multiplier after a spending shock. Multipliers are estimated by local projection method; data: quarterly 1913 to
2006; confidence intervals: 68%.

Figure 21 shows the progressivity measure y for two cases: using (1) based on federal income taxes (benchmark)
and (2) based on federal income taxes and social security taxes. Historically, social security taxes have largely been
implemented as a flat tax rates subject to a cap on annual contributions. This cap makes the social security taxes some-
what regressive. Consistently, for most of our sample, the progressivity measure including social security is slightly
lower than in our benchmark. However, both progressivity measure track each other closely, and the timing of most
significant changes in progressivity coincides for both measures.

We re-estimate the progressivity-dependent multipliers of equation (33) using the progressivity measure which
includes social security taxes. In particular, the definition of progressive and non-progressive shocks is now based on the
progressivity measure using social security taxes.

The effect of government spending on output remains significantly larger for shocks financed with an increase in
the progressivity of taxes, as Figure 22 shows. The multipliers we estimate are comparable to those estimated in our
benchmark.

C.4. Monetary policy response to spending shocks

We report the average and progressivity-dependent response of monetary policy to spending shocks. As we argue,
monetary policy was typically not very responsive to spending shocks. Importantly, we do not find any evidence that
monetary policy was more accommodating after progressive shocks.

We estimate the response of the 3-month Treasury Bill (TB3) to government spending changes, using the same pro-
cedure as in the paper: a two-stage least square estimate, using the BP and RZ shocks as instruments.”” We estimate
responses for our entire sample (1920:Q1-2006:Q4), as well as for the post-Treasury-Fed Accord period (1951:Q1—
2006:Q4), and for the post-80s period (1980:Q1-2006:Q4). These two sub-samples are relevant because, while they
exclude some of the larger shocks in the first half of the century, they are potentially associated with a less accommoda-
tive monetary policy: the Treasury-Fed Accord led the FED to start acting more independently from the Treasury, while
1980 corresponds to the first year of Paul Volcker as the Chair of the FED. Figure 23 shows the average TB3 estimated

77. We use the TB3, instead of the fed-fund rates, because TB3 data is available for a longer period, starting
1920:Q1. However, both rates remarkably track each other: the quarterly correlation is 0.99 for the overlapping period.
We estimate the TB3 response using equation (C.3), see Appendix C.7 for a more detailed discussion.
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Measures of federal tax progressivity

Notes: Authors’ computations. See Appendix B.3 for details on computations.

response to a spending shock for the three time periods, and Figure 24 shows the progressivity-dependent response for
the two first periods (the last sub-sample is too short to estimate progressivity-dependent responses).

Three features are interesting from the average response, in Figure 23. First, on the entire sample, the TB3 response
to a spending shock is essentially zero, and the 68% confidence intervals contain zero for most horizons. This is in
line with the estimates reported in Hagedorn et al. (2019). Second, the TB3 response is roughly ten times larger in the
post Fed-Treasury Accord sample, although still not statistically different from zero. Third, there is no evidence of a
systematic tightening of monetary policy to a spending shock after 1980 neither. If at all, the monetary policy actually
became more accommodative, perhaps suggesting that the large shocks of the early 1980s, which we categorize as
non-progressive, were not expansionary.

Two results are worth mentioning of the progressivity-dependent TB3 responses in Figure 24. First, for the entire
sample, the TB3 response after a progressive shocks is not statistically different from the response after a non-progressive
shock. The p-value for the difference in TB3 response across progressive/non-progressive shocks is 20% for the first
quarter, and then always above 70% for all other horizons. Second, responses are larger for the post Fed-Treasury Accord
sample, and less accommodating after progressive shocks. The less accommodating response can be understood as the
systematic component of monetary policy, as we showed that progressive shocks lead to a larger output expansion.

We find these results as compelling evidence that monetary policy does not drive the difference in spending
multipliers we report in the empirical section of the paper.

C.5. State-level responses to spending shocks

We investigate a potentially systematic state-level tax response to a spending shocks. We find no such a systematic
response. In particular, we use a panel version of equation (32) to estimate the average state-level tax response using
income tax rates across states. That is, we estimate

G
Tijth — Tiyi—1 = @i + ApZiy + fpIn (GW') + ¢itrend; + €4, forh=0,1,2..., H, (C2)
-1

where i stands for state. Thus, we allow for state-specific fixed effects and trends, and f, captures the average state-level
tax response to a (federal) spending shock.
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FIGURE 22
Progressivity-dependent cumulative multipliers (including social security taxes)
Notes: Cumulative output response to a spending shock for 4 years, progressive and non-progressive shocks. Multipliers are estimated by
local projection method; data: quarterly 1913-2006; confidence intervals: 68%.

We construct state-level tax rates, z; s, using NIPA “Personal Current Taxes” table in “Annual Personal Income and
Employment by State” (Table SAINC50).78 The table includes state-level personal income and state tax revenues. We
compute state-level tax rate z; ; as the ratio of state-level taxes to state-level personal income.”® Data is annual from
1948 to 2015, and we transform it into quarterly by repeating it four times. Controls Z; ; contain lags of state-level
income and and tax revenues, in addition of the aggregate controls we used in our benchmark.

As shown in Figure 25, the state-level response is essentially zero for all horizons, and much smaller than the federal
income tax response. These results are in line with Liu and Williams (2019), who argue that state-level taxation doesn’t
seem to affect the results of federal tax shocks. Based on this discussion, we think there is not a strong state-level
response in taxes to a spending shock that could significantly alter the interpretation our results.80

C.6. Comparison with Ramey and Zubairy (2018)

‘We compare the multipliers we obtain for the linear case (Figure 9) to the multipliers presented in Ramey and Zubairy
(2018), whose methodology we follow. Our multiplier estimates are align with theirs, with small differences in levels
that we investigate next.

There are three main differences between our set-up and the one used in Ramey and Zubairy (2018): (1) we use a
different time period, (2) we include average marginal tax rates as controls while they do not, and (3) we directly use a
polynomial time trend in our regressions, while they de-trend by a potential GDP measure obtained out of a polynomial
time-trend fitted on actual GDP.3! Figure 26 shows how each of these differences affect estimated multipliers.

First, we use years from 1913 to 2006, while the benchmark analysis in Ramey and Zubairy (2018) goes from 1889
to 2012. We start in 1913 with the creation of the federal income tax system and end in 2006 to avoid using the GFC
years, but we show robustness of results when using data up to 2015 (see Table 12). When using our time period, their

78. Data come from U.S. Bureau of Economic Analysis (2022).

79. We obtained almost identical results when using state-level personal income tax revenues, instead of state-
level tax revenues.

80. A recent paper by Fleck er al. (2021) argues that the progressivity of state taxes correlates fairly well with
the “political colour” of the state, suggesting strong persistence in state progressivity as well.

81. Additionally, we use eight lags of variables while they use only four, but this makes a very minor difference,
as shown in Appendix C.1.
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TB3 average response to a spending shock

Notes: TB3 response to a spending shock. Responses are estimated by local projection method; data: quarterly 1920-2006 (left panel),
1951-2006 (centre panel), and 1980-2006 (right panel); confidence intervals: 68%.
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TB3 progressivity-dependent response to a spending shock

Notes: TB3 response to a spending shock, progressive and non-progressive shocks. Responses are estimated by local projection method;
data: quarterly 1920-2006 (left panel), and 1951-2006 (right panel); confidence intervals: 68%.
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Cumulative multipliers: comparison with Ramey and Zubairy (2018)
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Notes: Cumulative output response to a spending shock under different specifications. Responses are estimated by local projection
method; confidence intervals: 68%. The solid black line plots our benchmark estimate. The solid pink line removes marginal tax rates
from the set of controls. The dots line additionally normalizes variables by last quarter potential GDP, rather than by last quarter actual
GDP. The cross line additionally extends the time period and recover the benchmark estimates of Ramey and Zubairy (2018). We used
the codes posted by Ramey and Zubairy (2018), which do not save the impact multiplier, so we plot their multipliers starting from hori-
zon h = 1 as they do in their paper.
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FIGURE 27
Impulse response to BP and RZ shocks Notes: Spending and output responses to a spending shock. Responses are
estimated by local projection method; data: quarterly
1913-2006; confidence intervals: 68%.

multipliers increase by 10 basis points (from the crosses line to dots line). Adding taxes as a control seems a very natural
implication from our paper, which accounts for another 5 basis points difference in multipliers (black line to pink line).
The remaining difference is accounted by the GDP normalization (pink line to dots line).82 Overall, our estimates are a
little larger, and the time profile is as theirs.

For completeness, Figure 27 shows the response of spending and output to the two shocks we use in the paper: the

Blanchard and Perotti (2002) shock and the Ramey and Zubairy (2018) shock. We use Al Vith = % for output

and A" St+h = %)};7?:1 for spending, as used in regression (31) and in Ramey and Zubairy (2018). Spending and
output both present a hump-shaped response, as found in Ramey (2016) for a wide variety of identified spending shocks.
Modulo the time sample and control differences discussed above, and a normalization of the size of the shock, our results
are comparable to what Ramey and Zubairy (2018) present in Figure 4 (RZ shock) and Appendix Figure 2 (BP shock).

C.7. Progressivity-dependent impulse response functions

We compute impulse response functions (irf) of several variables after progressive and non-progressive spending shocks.
We compute responses of government policies—spending, monetary policy, and fiscal deficits—as well as responses of
other macroeconomic variables—investment, wages, and hours worked. As we discuss, the behaviour of these variables
after a progressive/non-progressive shock aligns well with the implications of our model in Section 5.

We estimate progressivity-dependent irf using local projections, as follows:

Xeph —X—1 =1(pr = PY{ap p+ ApnZi—1 + Bp gt}
+1(pr = N){ann + AN pnZi—1 + BN p A8} + ¢ trend; + &4, (C.3)

82. The NBER working paper version of Ramey and Zubairy (2018) had the same GDP normalization we use.
The normalization by potential GDP came in their published version. Our results are robust to normalizing by potential
GDP.
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where x; is the outcome variable of interest and Ag; = fil is the adjusted-by-GDP increase in government spend-

ing. Equation (C.3) is an adjusted version of the regression (33) in the paper, which allows us to estimate an irf instead
of a cumulative multiplier. That is, the sequences {#p j,} and {fy j} are a progressivity-dependent irf estimates, mea-
suring the h-period response of x; after an increase in spending. We use the same estimation procedure as before: a
two-stage least square estimate, using the BP and RZ shocks as instruments for Ag;. The controls and trends are as
specified before, including lags of x; to control for potential serial correlation in outcome variables. Figure 28 reports
the response of spending, the 3-month Treasury Bill (TB3), fiscal deficit, and investment, while Figure 29 reports the
response of wages and hours worked.$3

The irf on Figure 28 exhibit no strong differences after progressive versus non-progressive shocks. Spending has
a hump-shaped response after a progressive shock, which makes the response somewhat more persistent than after a
non-progressive shock. Monetary policy, as captured by the TB3, seems to be accommodative after progressive/non-
progressive shocks, with essentially no economically meaningful response after an increase in spending.84 Deficits
response essentially mirror spending, which explains why we find similar deficit multipliers across progressive/non-
progressive shocks (see Figure 20). The response for deficits shows why, beyond irf, it can be instructive to compute
multipliers—that is, to normalize variables by the path of spending—as done elsewhere in this paper.85 Finally,
investment declines a bit more after a progressive shock, but differences are not statistically significant for most horizons.

The response of hours and wages on Figure 29 provide strong support for the findings in this paper. In the model,
wage responses are similar across taxation schemes, albeit slightly larger for the non-progressive case (Figure 4). In the
data, wages also increase slightly more after a non-progressive shock. Yet, despite the lower increase in wages, hours
increase substantially more after a progressive shock, both in model and data. That is, empirically, the distribution of
taxes substantially affects labour responses after a spending shock, supporting the main result of this paper.

83. See Appendix B.1 for data details.

84. As discussed in Appendix C.4, TB3 responses are small and similar across progressive/non-progressive
shocks when using other time periods. Additionally, we also found the inflation response to be quantitatively small,
after both progressive and non-progressive shocks, in line with recent findings in Jgrgensen and Ravn (2022).

85. See Zeev et al. (2023) for a recent discussion.
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Progressivity-dependent irf: wages and hours worked Notes: Impulse response functions after a spending shock.
Responses are estimated by local projection method; data: quarterly
1947-2006 (wages), and 1939-2006 (hours); confidence intervals: 68%.

D. U.S. tax progressivity: a brief historical discussion

In this section, we discuss the main changes in the U.S. federal income tax code since its creation in 1913. We argue
that our simple tax progressivity measure tracks these changes remarkably well. Importantly, we argue that virtually all
changes to the tax code are the result of political events and emergencies, predominantly wars.

D.1. Income taxes 1913—1932: Wilson and WWI, then Andrew Mellon and Hoover

The 16th Amendment adopted on 3 February 1913, set the legal benchmark for Congress to tax individual as well as
corporate income.3¢ The RA of 1913 determined personal income tax brackets for the first time, with a modest but
progressive structure: the lowest marginal tax rate was 1% for income below $20, 000 and increased steadily, reaching
a 7% marginal rate for income above $500, 000. The tax was progressive because of its structure and because only
wealthier households actually paid.

The entry of the U.S. into WWI greatly increased the need for tax revenues, which were largely obtained by expand-
ing income taxes in a progressive fashion. The RAs of 1916, 1917, and 1918 drastically increased top marginal tax rates
to a 60-77% range, 10 times more than they were 3 years before. Although tax rates also increased at the bottom, includ-
ing a temporary 4% tax for income over $4, 000 for 1919 and 1920, the RA of 1918 included exemptions that dampened
the effect for lower-income tax payers. By the end of WWI, personal income taxes quickly became a substantial source
of tax receipts, representing about 25% of total revenues. The fraction of households paying taxes also grew consider-
ably: 7.3 million tax returns were filed in 1920, which amounts to roughly 30% of households (average household size
of 4.3 and population of 106 million).

86. The amendment specifies the following: “The Congress shall have power to lay and collect taxes on incomes,
from whatever source derived, without apportionment among the several States, and without regard to any census or
enumeration.” The text is particularly vague on its definition of income, which opened the possibility of several types of
individual income. Previously, income taxes had temporarily been adopted during the Civil War, but a permanent legal
framework had not been established. See Brownlee (2016).



Ferriere & Navarro THE HETEROGENEOUS EFFECTS OF GOVERNMENT SPENDING 59

The decade that followed WWI observed a decrease in and recovery of tax progressivity. The end of WWI reduced
the need for tax revenues, and with Republicans assuming control of the presidency and a Congress majority, there was
a partial reversal of tax progressivity. Under Secretary of Treasury Andrew Mellon, the RAs of 1921, 1924, 1926, and
1928 successively declined top marginal tax rates on individual income back to 25%, roughly one-third of what it was
during war time.37 Later, under the belief that budget deficits were crowding out the private sector, President Hoover
promoted the RA of 1932, which increased top marginal tax rates to 56 to 63%, restoring rates to WWI levels.

Our simple tax progressivity measure y in Figure 12 captures remarkably well the previously discussed increase,
decline, and recovery of tax progressivity during the first 20 years of the federal income tax system. The early increases
are in 1917 and 1918, where the RAs drastically increased taxes at the top. Similarly, the decline in the early 1920s
corresponds to the RAs of 1924 and 1926, which brought back top marginal taxes to pre-WWI values. Finally, the
increase in the early 1930s corresponds to Hoover’s RA of 1932, which reinstated high top marginal tax rates.

D.2. Income taxes 1933—1945: Roosevelt regime

Tax progressivity increased significantly during the presidency of Franklin D. Roosevelt, initially as a continuation of
President Hoover’s last tax reform and later because of the financial needs implied by WWII. The RAs of 1934, 1935,
1936, and 1938 were popularly known at the time as the “Soak the Rich” tax.88 The acts of 1934 and 1936 kept top
marginal tax rates fixed but increased tax rates at the top by lowering the thresholds above which higher marginal tax
rates brackets started. Furthermore, top marginal tax rates increased from 63-79% with the RA of 1936, which pushed
top marginal tax rates to the 66—79% range.

A more drastic increase in progressivity came with the U.S. participation in WWIIL. The RAs of 1940, 1941, 1942,
1943, and 1944 repeatedly increased top marginal tax rates, reaching a 90-94% range by 1945, which was slightly
reduced with the RA of 1945. The RA of 1942 was perhaps the most important because it broadened the base of
taxpayers while simultaneously increasing tax rates. Although taxes increased for all income levels, the reforms shifted
the burden of new revenues significantly toward top-income households. Importantly, these changes established public
expectations that any significant new taxes would be progressive.89

Again, our progressivity measure y in Figure 12 captures well the changes previously discussed. In particular, the
last half of the 1930s exhibits a mild increase in progressivity, which reflects the changes implemented in the RAs
of 1934, 1936, and 1936. Although these changes were not trivial, they were small relative to the tax modifications
introduced by the RAs of 1942 and 1945, a massive increase in progressivity that our y measure clearly captures.

D.3. Income taxes 1945—1980: the era of easy finance

The tax regime that emerged from WWII proved more resilient than the one that emerged from WWI. There were
only few legislative changes to the tax code during the 25 years that followed WWII, especially when compared to the
inter-war period. The Korean War, and partially the Vietham War, were the only events that induced significant—albeit
temporary—changes in the tax code. Economic growth in a progressive tax system, as well as inflation in a non-indexed
tax code, substantially grew tax revenues, which allowed governments to increase spending without substantial tax
reforms. Furthermore, this period observed the first substantial deductions and credits from tax liabilities. Appropriately,
this period is often referred to as the era of easy finance.

With the end of WWII, individual income taxes decreased with the RAs of 1945 and 1948 by a range of 5-13%,
with a higher decline at the top. For instance, the RA of 1948 imposed a 77% upper bound to effective tax rates, which
was effectively a decrease in tax progressivity. However, these adjustments did not last long, and higher taxes were
temporarily reinstated to finance the Korean War. The RAs of 1950 and 1951 removed the Tax Acts of 1945 and 1948 as
well as temporarily increased corporate taxes. By the end of the Korean War, some of these measure were reverted with
the Internal Revenue Code of 1954. As a result of all these changes, the effective tax rate on the top 1% was around 25%
by the end of the 1950s, which was high relative to pre- WWII values but still lower than the peak observed during the
wars (Brownlee, 2000).

The next significant change came a decade later with the Revenue Act of 1964 from the Kennedy—Johnson Admin-
istration, which was also known as the Tax Reduction Act. It essentially decreased marginal tax rates across the board,
particularly at the top, pushing down top marginal tax rates to a 60—70% range from the previous 80-91% range. Further

87. However, corporate income tax rates did not decline as much.
88. See Blakey and Blakey (1935) for instance.
89. See discussion in Brownlee (2016, p. 142).
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tax cuts were probably prevented because of the increased participation of the U.S. in the Vietnam War.%0 In order to
afford the war expenses, the Revenue and Expenditure Control Act of 1968 included a temporary 10% income tax sur-
charge on individuals and corporations for 1 year as well as a decrease in domestic spending. By the end of the decade,
President Nixon signed the Tax Reform Act of 1969, which implemented a minimum tax rate on top-income earners.

Although there were no legislative changes to tax rates for most of the 1970s, two important components affected
personal income effective tax rates during the decade. First, because the tax system was progressive, (real) economic
growth during these years effectively increased tax rates and thus tax revenues. At the same time, the high inflation of
this decade, jointly with a non-indexed tax code, also resulted in higher tax rates and revenues. This “effortless” increase
in tax revenues is the reason to label these years as the era of easy ﬁmmce.91

Again, our progressivity measure y in Figure 12 captures well the changes previously discussed. Progressivity
decreased after WWII and temporarily recovered during the Korean War, reflecting the measures implemented during
the Truman and Eisenhower presidencies respectively. Progressivity remained reasonably flat for almost a decade and
decreased in 1964, reflecting the Tax Reduction Act of the Kennedy—Johnson Administration. Finally, progressivity
increased in the 1970s because of growth and inflation.

D.4. Income taxes 1980-1988: Reagan tax reform(s)

The latest significant changes to the U.S. tax code were implemented during the Reagan Administration. The first of these
changes was the Economic Recovery Tax Act (ERTA) of 1981, which reduced tax rates across the board. Top marginal
tax rates were drastically reduced from 70% to 50%, which implied a significant drop in the overall progressivity of the
tax system. It also decreased taxes on capital gains and corporate profits. Additionally, tax brackets started to be indexed
by inflation for the first time.

The tax reduction of the ERTA, added to the increased defense spending and the 1981 recession, induced large fiscal
deficits. The Reagan Administration responded by increasing taxes other than personal income statutory taxes. The Tax
Equity and Fiscal Responsibility Act (TEFRA, 1982) and the Deficit Reduction Act (DEFRA, 1984) increased several
taxes and reduced tax expenses, while the Social Security Amendments (SSA) of 1983 also increased payroll taxes.
Overall, the TEFRA, DEFRA, and SSA are likely to have decreased progressivity even further.

After a year-long debate in Congress and public spaces alike, the TRA of 1986 was the second (and last) substantial
change to federal income taxes during the Reagan Administration. It essentially implemented changes along three lines.
First, it massively simplified the tax code, reducing it to only five brackets (an 11/15/28/35/38.5% structure), which was
further simplified to three brackets in 1988 (a 15/28/33% structure). It also eliminated many tax deductions and credits
looking for more “horizontal equity.” Second, it significantly reduced tax rates, especially at the top. Top marginal tax
rates decreased from 50 to 28%, while taxes at the bottom virtually did not chamge.g2 Third, it notably expanded the
Earned Income Tax Credit (EITC), which effectively moved many low-income households into negative tax rates.

The overall effect of the Reagan “tax cuts” on progressivity is not entirely obvious. On the one hand, both the ERTA
of 1981 and the TRA of 1986 significantly decreased taxes at the top without largely affecting taxes at the bottom. On
the other hand, the increase in credits and reduction in deductions—the latter of which typically benefited high-income
taxpayers—may have compensated for some of the decrease in top marginal tax rates. As a rough approximation, overall
progressivity decreased during the Reagan Administration but by less than what was implied by the change in statutory
tax rates. Nevertheless, a clear group that undoubtedly benefited from Reagan tax reforms was the top 1%, whose
effective tax rate declined from 28 to 23% during the Reagan Administration.?

Our progressivity measure y in Figure 12 clearly reflects the decrease in progressivity during the Reagan Admin-
istration. It also captures the quantitative importance of these changes, which were never fully reverted and are only
comparable in size to the ones implemented during the Roosevelt Administration.

90. U.S. involvement escalated following the 1964 Gulf of Tonkin incident, after which the President authorized
an increase in the U.S. military presence. Regular U.S. combat units were deployed beginning in 1965.

91. See the discussion in Brownlee (2016, ch. 6.)

92. There was a 33% bubble marginal tax rates for intermediate levels of income. However, because of the
maximum effective tax rate of 28%, the marginal tax rate returned to 28% after a certain level of income.

93. See Brownlee (2016, p. 207), for a similar opinion. Also see Feenberg et al. (2018) for a more quantitative
evaluation of the change of progressivity during the 1980s.
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D.5. Income taxes 1988-2001: Bush and Clinton

“Read my lips, no new taxes”, George W.H. Bush
“It’s the economy, stupid”, Bill Clinton

The decade that followed the Reagan Administration saw many changes to the tax code, although all of much smaller
magnitudes. After fulfilling its promise of “no new taxes” for a year, the Bush Administration passed the Omnibus
Budget Reconciliation Act (OBRA) of 1990, which increased top marginal tax rates from 28 to 31%. It also substan-
tially increased the EITC, which combined with the higher top marginal tax rates, implied a substantial increase in the
progressivity of the tax system.

Two important tax reforms were implemented during the Clinton Administration, both simultaneously aimed to
reduce fiscal deficits and increase tax progressivity. The first one was the OBRA of 1993, which added two higher tax
brackets with marginal tax rates of 36 and 39.6%—relative the previous top marginal tax rate of 31%. It also expanded
the EITC, which made the system even more progressive. The second reform during the Clinton Administration was the
Tax Payer Relief Act of 1997, which did not change statutory tax rates but included new tax credits such as the child and
education credits.

Overall, the tax reforms implemented during the administrations of George H.-W. Bush and Bill Clinton implied
an increase in the progressivity of the tax system not only because of its increase in top marginal tax rates, but mostly
because of the expansion in tax credits. Our progressivity measure y in Figure 12 captures this increase in progressivity
and also show the small magnitude of these changes from a historical perspective.

D.6. Income taxes 2001-2010: Bush and Obama

Three months after his inauguration, President George W.H. Bush fulfilled his campaign promise of cutting taxes with
the Economic Growth and Tax Relief Reconciliation Act (EGTRRA) of 2001. The act implied a decrease in marginal tax
rates across the board, with the largest declines at the top bracket (39.6-35%) and at the bottom with the creation of a new
bracket that paid a 10% rate (relative to the 15% in the next bracket). While top-income earners probably benefited the
most from the EGTRRA, the change in progressivity was small from a historical perspective. The Jobs and Growth Tax
Relief Reconciliation Act (JGTRA) of 2003, which decreased capital taxes and accelerated the phase-in implementation
of the EGTRRA, decreased progressivity further but also did not substantially alter the tax code. Interestingly, the Iraq
War, which began in 2003, did not cause any substantial tax reform, and it was the first time in American history that a
large military expenditure was permanently financed by increasing deficits.

The Obama Administration passed two reforms—the Tax Act of the ARRA of 2009 and the Tax Relief, Unem-
ployment Insurance Reauthorization, and Job Creation Act of 2010—that increased tax credits (such as the EITC) and
temporarily decreased payroll taxes but did not change the structure of statutory tax rates on personal income. Actually,
the American Taxpayer Relief Act of 2012 made permanent the Bush tax cuts of the JGTRA of 2003, which were ini-
tially meant to expire in 2013. These small changes are captured in our measure y of Figure 12, which shows only minor
fluctuations in these years.
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