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Abstract

We study the impact of an increase in permanent labor income inequality on the
transmission of monetary shocks on the real economy. In a Heterogeneous-Agent New-
Keynesian model with standard preferences, we show that the distribution of perma-
nent labor income is neutral with respect to monetary policy shocks. However, this
model cannot account for the observed relationship between permanent income and
consumption-saving behavior. Including a non-homothetic taste for wealth allows us to
match this relationship, and breaks the neutrality result. The direct substitution effect
from a monetary policy shock is weakened while indirect effects are stronger. The rise
in permanent labor income inequality makes households hold wealth more for a present
motive rather than for an intertemporal-substitution motive. As a result, the aggregate
elasticity of intertemporal substitution is weakened while the aggregate static MPC is
strengthened. In a realistic two-asset HANK model, we quantify the change in the
composition of a monetary shock. We observe a rise in the magnitude of a monetary
policy shocks as the increase in indirect effects more than outweighs the fall in the
direct effect.
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Introduction

In the US, labor income inequality has increased steadily since the 1980s, with the share of
pre-tax total labor income earned by the top 1% doubling from 6% in 1980 to 12% in 2020
(Saez & Zucman/[2020). Existing empirical literature suggests that the surge in labor income
inequality is predominantly attributable to an increase in the permanent component of labor
income inequality (DeBacker et al.|2011} Bloom et al.||2017, [Braxton et al.| 2021} (Guvenen
et al.[2022)) —a term we use to denote the variance in initial outcomes for new cohorts
entering the labor market (Straub [2019). In this paper, we explore the implications of rising
permanent labor income inequality for monetary policy. We ask two questions. What is
its effect on the strength of a monetary policy shock? How does it change the transmission

channels of monetary policy?

In a simple textbook IS-LM model, an increase in permanent labor income inequality de-
creases the output response to monetary policy, if rich households have a lower marginal
propensity to consume than poorer ones. Indeed, assume two households — a low income and
a high income — with population shares w and (1 —w). The low type receives a share 1 — z of
total income and has a high marginal propensity to consume m; while the high type receives
a share z and has a low marginal propensity to consume mj < mj. The static Keynesian
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An increase in permanent labor income inequality z will thus redistribute income towards
low MPCs households, decreasing the multiplier, and hence the output response to a mone-
tary policy shock. This simple model is useful to motivate why the distribution of permanent
income might matter for monetary policy, but it misses a few core features of modern macroe-

conomic models: it lacks dynamics and ignores the endogeneity of the consumption-savings

decision to permanent income.

In this paper, we explore this question using a HANK model with rich household-level het-
erogeneity and featuring an intertemporal Keynesian cross a la |Auclert et al. (2024). We
introduce a decomposition of the impact of rising permanent labor income inequality on

monetary policy between three channels. First, an increase in permanent income inequality

1p; is the sensitivity of aggregate consumption to the interest rate.
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Figure 1: Change in equilibrium output in an IS-LM model after a monetary policy shock

Note: The red full line shows the IS curve with low inequality, while the red dashed curve shows the IS curve with high inequality.

redistributes income between households with potentially different responses to income and
interest rate shocks. We call this channel the composition effect, which is the only channel
present in the simple IS-LM model we presented. Secondly, households might further change
their response to shocks as they observe an increase or a decrease in their permanent income.
We call this the policy function effect. Finally, as the behavior of households changes, their
position in the distribution of wealth might change as well, changing the aggregate reaction

to interest and income shocks. We call this channel the wealth distribution effect.

Our paper starts with a neutrality result: in a model with preferences only on consumption,
those three channels are exactly equal to zero. In this setting, consumption is a linear
function of permanent income. As a result, whatever the distribution of permanent income,
the aggregate response of consumption following a monetary shock will remain the same,
consistently with Straub| (2019). This neutrality result is useful as a benchmark, but largely
unrealistic. Indeed, a large empirical literature has shown that households with higher levels
of permanent income have a higher marginal propensity to save out of permanent income
than the rest of the distribution (Carroll 1998, Dynan et al. 2004, Kumbhof et al.[2015| |Straub
2019, Mian et al.|2020).

A growing literature has been solving that issue by adding wealth to the utility function as a



luxury good (Kumbhof et al.|2015, [Straub| 2019, Mian et al.|2020)). By doing so, they are able
to match the relationship between consumption-saving decisions and the level of permanent
income. We show that this type of preference breaks down our neutrality result and ex-ante
heterogeneity in permanent income matters for the output response to a monetary shock.
The rise in permanent labor income inequality observed in the US from 1989 to 2019 changes

the transmission channels of monetary policy and raises the output elasticity to an interest

shock by 12.5%.

We first study the effect of a rise in permanent labor income inequality in a zero-liquidity
HANK model. By doing so, we are able to analytically characterize the contribution of the
composition effect and the policy function effect on the transmission channels of monetary
policy and its aggregate effect. We show that, at the household level, a rise in permanent
labor income raises the sensitivity to an income shock — the marginal propensity to consume
— while it dampens the sensitivity to an interest rate shock — the elasticity of intertemporal

substitution.

In order to capture the wealth distribution effect, we then relax the zero-liquidity assumption.
We show that the rise in permanent labor income inequality decreases the relative share of the
direct effect — the effect of a change in the interest rate on consumption, keeping household
disposable labor income constant — while raising the share of indirect effects — the effect of
the change in household disposable income keeping the path of the interest rate constant.
Indeed, the rise in permanent labor income inequality pushes the equilibrium real interest
down which increases the income share going to hand-to-mouth households. The increase in

the general equilibrium multiplier raises the aggregate effect of a monetary policy shock.

The paper concludes that a simple application of the IS-LM model is misguided: an increase
in permanent labor income inequality increases the output response to a monetary policy

shock through a rise in the general equilibrium multiplier.

Literature. Our paper belongs to the old and large literature that investigates the trans-
mission channels of monetary policy on aggregate variables. Over the last two decades, this
literature has gradually moved away from a representative-agent framework to explore the
interactions between distributions of income and wealth, and monetary policy. The wealth
distribution matters for monetary policy as it determines the share of direct and indirect

effects in the transmission of shocks. Micro survey data on household portfolio reveals that a



large portion of households do not hold liquid wealth (Kaplan et al.|2014]). Those households
do not react to interest rate changes but are very sensitive to changes in their disposable
income. When including that heterogeneity, Kaplan et al.| (2018) shows that most of the
transmission of monetary policy goes through indirect general equilibrium effects (mainly
through the change in labor demand). The composition of a monetary shock matters for
policymakers as Holm et al.| (2021) shows that indirect effects take time to materialize. As a
result, if most of the effect of monetary policy goes through indirect effects, monetary policy

is not capable of raising aggregate output in a short time frame.

Monetary policy has also a feedback effect on the wealth and the income distributions
(Coibion et al.|2017, Mumtaz & Theophilopoulou|[2017)). Those papers show that contrac-
tionary monetary policy is usually procyclical while expansionary monetary policy tends
to dampen income inequality. This feedback effect from the monetary policy on the in-
come distribution not only matters from an equity standpoint but also since it is one of the
transmission channels of monetary policy on aggregate variables. Indeed, by redistributing
income from low-MPC households to high-MPC households, expansionary monetary policy

is amplified compared to the representative-agent benchmark (Auclert|2019).

While the interactions between wealth distribution and monetary policy have been extensively
studied, the way the distribution of labor income shapes monetary policy has remained
partially under the radar. The main reason is that the drivers behind the increase in labor
income inequality were not well understood until recently. The macro implication of a rise
in the variance of shocks over the lifetime is vastly different from the rise in the variance of
initial outcomes. Both Bloom et al. (2017) and [Braxton et al.| (2021)) show that temporary
earning risks have declined. |DeBacker et al.| (2011) and |Guvenen et al. (2022) show that
most of the increase in labor income inequality has come from an increase in the variance of
initial outcomes. Our contribution is to study the implications of that increase on the way

monetary policy shocks are transmitted.

Our paper uses recent theoretical and methodological advances made by |Auclert et al. (2024]).
They show that modern micro-founded heterogenous-agent New-Keynesian models feature
an “intertemporal Keynesian cross”, characterized by the sequence-space Jacobian of the
consumption function. Our paper extends this methodology to monetary policy, and we

recover a similar intertemporal Keynesian cross for monetary policy shocks.



Our paper also belongs to the growing literature that uses a non-homothetic taste for wealth
to solve various puzzles. |Carroll (1998) proposes wealth as a source of social status to explain
why rich households have such high saving rates compared to the rest of the population.
Straub (2019) shows that non-homothetic preferences capture the saving behavior along the
distribution of permanent income and explain how variations in permanent labor income
inequality increase wealth inequality and decrease the equilibrium interest rate. [Kumhof
et al. (2015)) also uses a non-homothetic taste for wealth to match the saving behavior of
richer households, in a model that captures the accumulation of debt in the U.S. in the
years preceding the Great Recession. In their literature review, De Nardi et al.| (2016]) also
mention non-homothetic bequest motive to explain why a large number of households die
with significant amounts of wealth. Within the New-Keynesian literature, [Michau (2018)) and
Mian et al.| (2021)) also include bonds in the utility to study the over-accumulation of savings
in modern economies. Lastly, in |Gaillard & Wangner| (2021)), the non-homothecity in the
taste for wealth allows to match the thicker tail of the income distribution compared to the
consumption distribution. This finding is consistent with the concavity in the consumption

function with respect to permanent income generated by this non-homothecity.

Our emphasis on the interactions between non-homothetic preference in the saving behavior
and monetary policy is shared by Michaillat & Saez (2021) and Melcangi & Sterk (2020).
Consistent with Michaillat & Saez (2021]), the presence of bonds-in-the-utility solves the
forward guidance puzzle, even in the absence of idiosyncratic shocks. |[Melcangi & Sterk
(2020)) is also concerned by the change in the policy channels and in the aggregate effect of
monetary policy. The paper also finds out that, in the US since 1980, the power of monetary

policy has strengthened following the rise in the stock market participation channel.

In section [} we study the impact of an increase in permanent labor income inequality in
a one-asset HANK model. We focus on the limit case of zero-liquidity. By doing so, we
are able to analytically characterize the effect of the permanent income distribution on the
transmission of monetary policy. We then relax that assumption and show that the perma-
nent labor income distribution also changes the transmission of monetary policy through a
wealth distribution effect. In section [2] we calibrate a two-asset HANK model and measure
quantitatively the effect of the change in the labor income distribution on the transmission

of monetary policy and on its aggregate effect.



1 Permanent income inequality and monetary policy

in HANK

This section studies the impact of a change in the distribution of permanent income in a
heterogenous-agent New-Keynesian model, with and without non-homothetic preferences for
wealth. We first focus on the zero-liquidity case to gain tractability. The stylized nature
of the model allows us to characterize clearly when the distribution of permanent income is
non-neutral with respect to the transmission of monetary policy. In the last section, we then

relax that assumption by having positive liquidity.

1.1 Setup

Households. The economy is composed of a continuum of high-productivity households of
mass 1 —w denoted by h, and a continuum of low-productivity households of mass w, denoted
[. Households face idiosyncratic productivity shocks. They have access to financial markets
and can smooth their consumption over time by holding government bonds. A household of

permanent type i € {l, h} solves the following maximization problem:
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subject to

Cit+ g1 = (1 —71)ziei Ny + (1 +1)a;, and a; 41 > 0.

a;¢ denotes the wealth position of the household at the beginning of period ¢, ¢;; is the
consumption choice, V; is the labor supply, e; ; is the idiosyncratic productivity type, z; is the
level of permanent productivity, and 7; is the linear tax rate. The labor supply of households is
infinitely elastic. In this framework, an increase in labor income inequality means an increase
in z;,. We normalize total productivity to 1 which implies that wz; + (1 —w)z, = 1. Whenever
the level of inequality increases, z; also decreases to keep total productivity constant. The
idiosyncratic productivity shock e;; follows an AR-(1) process that we discretize using the

Tauchen method.

We define the measure p;¢(a, e) as the mass of household of permanent type ¢ holding wealth
a with idiosyncratic type e at time ¢ and ¢;+(a, e) as the policy function for consumption for

an agent holding wealth a with idiosyncratic type e at time t. Aggregate consumption is



given by:
Cy = cu/cm(a, e)du(a,e) + (1 —w) /chyt(a, e)dun(a,e).

Firms. A representative firm uses labor to produce a final good according to the following
production function Y; = (zjw + 2z,(1 — w))N; = N;. Firms are in perfect competition and
subject to complete rigidity on the real wage (normalized to one). The representative firm
maximizes its profits Y; — N; subject to the technology and the demand constraint Y; = C;.
Due to the wage rigidity, the firm is demand-constrained and any variation in effective demand
C; generates a one-to-one relationship with the labor demand N;. This wage rigidity thus

translates into a complete price rigidity.

Government. The government funds the service of public debt B with a linear tax rate 7; on

labor income so as to keep its budget balanced:

TtNt = T'tB.

Central bank. The central bank fixes an exogenous path for the nominal interest rate. As
prices are rigid, any variations in the nominal interest rate translate into variations in the

real interest rate r;.

Definition 1. A competitive equilibrium is defined as policy functions for consumption
{cit(a,e)}ir and savings {aiti1(a,e)}is; sequences for labor demand {N;}, the real inter-

est rate {r¢}, the linear tax rate {1}, and output {Y:}; a measure {p;+(a,e)}; such that

1. Households solve their problem given prices and labor demand,
2. The representative firm maximizes profits;

3. The government maintains a balanced budget;

4. Markets clear:

(a) The asset market clears:

w [ apesi(a,e)dp(a,e) + (1 —w) [ apsri(a, e)dupi(a,e) = B, Vt

(b) The goods market clears:
}/t =w f Cl,t<a7 e)dﬂl,t(av 6) + (]- - w) fch,t<a7 6)7 Vit



1.2 The intertemporal Keynesian cross and permanent labor in-

come inequality

The output response of this model following a monetary policy shock can be described by an
intertemporal Keynesian cross as in |Auclert & Rognlie (2020). Indeed, note that aggregate

consumption at time ¢ = 0 can be written as

Co = Co({% Nt}tzo)

where N, = (1—m73) Ny is the net labor income and Co({r+, Nt}tZO) is the aggregate consumption
policy function that depends on all the future paths of real interest rate and net labor
income. We assume that the function C; : £ x {*° — (*° is Fréchet-differentiable. Totally

differentiating the aggregate consumption function, we obtain

- oC, oC,
dCo({r+, Ni}i>0) = [arood?“o + Wlodrl + ]
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We can rewrite this expression more succinctly by writing it in vector forms

dN, +] .

dC({r, N;}i50) = M"dr + M"dN,

where M" and M" are aggregate sequence-space Jacobians (infinite-dimensional matrices)
which characterize the reaction of aggregate consumption facing shocks on the real interest

rate and on net labor demand at different periods, as in |Auclert et al. (2024, |2021)):

gco gco 0Co  0C
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Note that we can also define the aggregate consumption function as the sum of the consump-
tion functions for each permanent type by unit of permanent income:
Co =wzCrp+ (1 —w)zpChyo.
The change in aggregate consumption is thus given by
dC = (1 — w)zpdCp, + wzdC,
= (1 — w)zp(MFdr + MPN) + w2 (Midr + M"dN)
= ((1 — w)zuMj, + wzM})dr + (1 — w)z, M} + wzMJ)dN .

direct effect indirect effect from net labor demand




With MY the sequence-space jacobian of permanent type ¢ per unit of permanent income.
The aggregate-level sequence-space Jacobian can thus be written as the following weighted
average:

Ve e {r,n}, M®=wzM] + (1 —w)z,Mj.

Imposing that, in general equilibrium, dY = dN = dC, dr = Bdr — rBdN, and dN =
(1 — 7)dN — d7, we can compute the aggregate effect of a monetary shock dr which is given

by Proposition [1}

Proposition 1. The aggregate effect of a monetary shock dr is the product of the general

equilibrium multiplier and of the direct effect:
dY = M(M" — BM")dr, (1)
with M = [K(I - M?]7'K, K = — 32, (1 +r)7'F?, and F the forward matriz.

Proof. Appendix O

Proposition [1| shows the output response in our model as a function of the sequence space
Jacobians. We can recover from this expression the traditional channels of monetary policy.
M" captures the direct effect of monetary policy, the change in consumption plans induced
by a change in the real interest rate, keeping {Nt} constant. A change in the path of the
real interest rate has two direct effects: an intertemporal substitution effect and an income
effect. By changing relative prices of consuming at different time periods, the new path of
the real interest rate induces a change in consumption today. The change in the path of
the real interest rate also changes households’ financial income, implying a further change in

consumption.

A change in the path of r also affects the budget constraint of the government, which will
imply a direct change in the path of taxes 7, further changing the consumption path. This
second effect is captured by the —BM" in the IKC. The total change in the consumption
path of households changes aggregate demand, which changes the firm’s labor demand and
hence the labor income of all households. This second change in consumption, in turn,
has a feedback effect on aggregate demand, which is the traditional Keynesian multiplier

effect. This general equilibrium amplification is the indirect effect from labor demand, and



is captured in the IKC by the matrix M, which is itself a function of the intertemporal

marginal propensity to consume matrix M".

Using the IKC as an ordering device, we ask: what happens when permanent labor income
inequality goes up? We compare the output response following a monetary shock of two
economies, one characterized by a low level of permanent labor income inequality (z = (2, 25,)
while the other one is characterized by a higher level of permanent labor income inequality
(z' = (z],2,)). A bold z indexes economies with different levels of permanent labor income
inequality. Proposition [2| shows that we can decompose this change in the output response
to a monetary shock between three effects: a composition effect, a Jacobian effect and an

amplification effect.

Proposition 2. The difference in the output response following a monetary policy shock in
two economies with different levels of permanent income inequality can be decomposed between
three terms: (1.) a direct and an indirect composition effect, (2.) a direct and an indirect

Jacobian effect, and (3.) an amplification effect:

direct indirect

dY(7) = dY(z) = [(1 - w)Az,M;,(2) + wAz M ()] dr+ (1 — w)Az, Mj(2) + wAz M} (2)| dN(2)

composition effect

direct indirect

+[(1 = W)z AM;,(2) + wa AM; (2)] dr+ [(1 — w), AM} (7)) + wz AM] (2)] dN(2)

Jacobian effect

+ M (2) <dN(z’) - dN(z)> .

amplification effect
With AM®(z') = M*(z') — M*(z) and Az} = 2z} — 2.
Noting that dY(Z) — dY(z) = dN(Z) — dN(z), we can write

dY (z") — dY(z) = M(composition effect + Jacobian effect).

Proof. Appendix O

The composition effect captures the fact that even if the response of consumption per unit

of permanent income for each type does not change, the increase in inequality will put more

10



weight on the response of the high type compared to the low type.

The Jacobian effect captures the change in the coefficients of our sequences-space Jacobians
keeping the weights on each matrices constant. The change in coefficients comes from three
factors: (1) both types change their consumption-saving decisions as their income increases,
(2) in general equilibrium prices adjust, and this change in prices also affects the consumption-
saving decisions of households, and (3) the distribution of households also changes across the

two economies.

More formally, the change in the type-7 Jacobian’s now depends on the change in the policy

function and in the distribution of wealth ;;. Indeed, the definition of M, ., the element in

Z7t7j )

line ¢, column j of the sequence-space Jacobian M?F, can be written asE]

M, )_/801-7,5(@, e;z)

ii(2) = o, duit(a,e; z).

Using this definition of a sequence-space Jacobian we can compute AM}, the change in the
Jacobian of an agent of type ¢ in period t following a shock on the aggregate variable x in

period j as

AM

Z’7t7j

Oci(a,e;2')  Ociyla,e;z)
(z) = ( ’ S )d,ui, (a,e;2)
/ 8.73]' 3xj ¢

policy-function effect (1)+(2)

+ / W(W%,t(@ae%z,) - d“ivt(a’e;z)>
axj

wealth-distribution effect (3)

Finally, in general equilibrium, the amplification effect magnifies the first two effects. It acts
a multiplier of the sum of the composition and the Jacobian effect. Thus, even small Jacobian
and composition effect might end up having a large impact on the output response, since
they will be amplified by the general equilibrium matrix M. Both the composition and the

Jacobian effects can be decomposed into a direct and an indirect effect.

1.3 HANK with Zero-Liquidity

In this section, we focus on the particular case of zero-liquidity B = 0 which allows us

to compute analytically our sequence-space Jacobians. Using those analytical forms, we

2Note that the path of distribution duy(a,e; s) itself depends on the derivative of the policy functions.
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compute the aggregate effect of a monetary policy shock. We also perform a decomposition
between the direct effect of the real interest rate shock and the indirect effect coming from
the change in labor demand. In this framework, we can analytically characterize the effect
of the distribution of permanent labor income as well as the effect of the taste for wealth on

the transmission of a monetary policy shock.

1.3.1 Analytically solving the Sequence-Space Jacobians

We first derive the analytical expressions for the sequence space Jacobians that compose
Equation[A.T under the zero-liquidity assumption. Note that those expressions do not depend
on the particular preferences we assume in the household problem, and thus apply to both

the case with homothetic preferences and non-homothetic preferences. We will distinguish

the impact of those different preferences in the Sub-sections|1.3.3|and [1.3.4]

In the presence of zero liquidity, all households with an idiosyncratic type lower than the
maximum idiosyncratic type e will be against the borrowing constraint. Those households
behave as hand-to-mouth households and will not react to variations in the real interest
rate, while their consumption will react one-to-one to variations in labor income. Defining

the saving policy function of permanent type i, a;(a,e), we have that, at the steady state,
%‘;i( ,e) =0, Ve < .

At the steady state, households with the highest idiosyncratic type e are on their Euler equa-

tion, and hence, are indifferent between savings and dissavings. The slope of the steady state

saving function of a permanent type 7 is given by \; = %‘Zi (0, e)/11zz, with Iz the probability
of staying a high-idiosyncratic type tomorrow conditional on being a high-idiosyncratic type
todayﬂ. For clarity, we define 1 — u = l%i as the effective share of unconstrained households

within permanent type i.

Proposition 3. a) The sequence-space Jacobian of the consumption response following a

3See appendix for formal derivation.

4See appendix for formal derivation.
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labor demand shock of permanent income type i is

L- 1)4\:1" 1)4\:1" (1 - 6)\1)

N(1- ) (1- ) (1 (- M))
(1= 20) A (1- 2 (1 (- mi))

M} = I+ (1 — p)

where I is the matriz of intertemporal marginal propensities to consume (iMPCs) of con-
strained households and the second matriz is the iMPCs of unconstrained households of per-

manent type 1.

b) The sequence-space Jacobian of the consumption response following an interest rate shock

of permanent income type i is

0 _ 1 _ BN
1+7r 1+7r

l A 0 1_1>¥r 6)\1'(1—1/}:?)—17}#
ollzz |0 N(1—20) (14 8A2)(1 — 2o

M; = (1 — p)Bep(e)

1+r 1+7r

where p(€) = > e (%’)70
Proof. For M}, see Appendix and for M?, see Appendix O

The interpretation of those two sequence-space Jacobian is intuitive.

Jacobian with respect to the labor demand. Starting with the sequence jacobian of the con-
sumption response following a labor demand shock, the first column of M gives us the
intertemporal marginal propensity to consume (iMPC) out of a one-time income shock of
households of permanent type ¢. It is a weighted average of the iMPCs of the constrained
and unconstrained households among a permanent type i. Note that the MPC of constrained
households is 1, and that the MPC of unconstrained households is 1 — A;/(1 + r). In the
absence of a taste for wealth and idiosyncratic shocks, A; = 1 and we recover the standard

MPC in a representative agent model, /(1 + r).

Aggregating over both permanent types, we obtain the aggregate sequence-space Jacobian

M" = W zM} + wp 2y M7 a weighted sum of the Jacobian per permanent-type. The contem-

13



poraneous aggregate iMPQﬂ is given by the first element of the first column of this infinite

matrix:

1

Ai

——
income share of constrained  income share of unconstrained

The rest of the first column gives the path of intertemporal marginal propensity to consume

out of an income shock:

by
G t ( M);UJZ z( 1+T>

The income shock is spent down at a rate A;.

Jacobian with respect to the interest rate. The sequence space Jacobian M describes the
consumption response to a shock on r,. It is characterized by two different elasticities:
the elasticity of intertemporal substitution and the intertemporal marginal propensity to
consume. The elasticity of intertemporal substitution determines to which extent households
want to exploit differences in relative prices while the intertemporal marginal propensity to
consume determines the speed at which additional incomes are consumed. The strength of
that intertemporal substitution is determined by the Elﬂﬂ of the unconstrained household:

p(e)s < i >_ E[e'|e] 1+
EIS — (1 -
5 o )\Z[ 1+r et 1+ | eEle’|e]llz’

which is an increasing function of )\ﬂ When r increases in the future, consuming today is
relatively more expensive. Today’s consumption falls while future’s consumption increases.
Households postpone part of their consumption to later periods by increasing their savings,

and then consume a fraction A{{1 — A;/(1 + r)] at period ¢ of this additional incomdf]

Interpretation of ;. The variable \; determines the contemporaneous MPC, the persistence

of the iMPC, and the EIS of unconstrained households. The MPC is a decreasing function of

5The classic MPC in the literature.
6Notice that, in the absence of taste for wealth and idiosyncratic shocks, the formula simplifies to 1/c.
“Indeed, recall that ); is between 0 and 1. The negative second-order term of this polynomial will thus

be neglectible and dominated by the positive linear term.
8Since there is no wealth in our model, interest rate shocks have no initial income effects and an unexpected

change in r has no impact on consumption. The first column of M is thus zero.
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A; while the EIS is an increasing function of A;. It is thus key in understanding the behavior

of households as in it pins down the degree to which households are forward-looking.

When A\; = 1, unconstrained households behave as forward-looking, permanent-income house-
holds in a riskless world. Their consumption response to an income shock is perfectly
smoothed and they consume at every period a fraction r/(1 4 r) of that income shock.
In that case, the indirect effect is low as the consumption response of unconstrained house-
holds does not move much with transitory income shocks. Conversely, the consumption of
unconstrained households is very sensitive to changes in the real interest rate as it controls
the relative prices of consumption at different time periods. As households put a large weight
on future consumption, their consumption response is very sensitive to a change in relative

prices of future consumption. As a result, the direct effect of a monetary shock is high.

When A; < 1, households are less forward-looking. There is now an extra discounting of
future consumption flows. Their contemporaneous MPC is higher than future iMPC. In that
case, the indirect effect is high as the consumption response of unconstrained households
largely moves with a contemporaneous income shock. Conversely, the consumption of the
unconstrained household is less sensitive to changes in the real interest rate as the EIS

decreases.

1.3.2 The aggregate effect of a monetary policy shock

Combining Proposition (1| and the analytical solutions for our two sequence-space Jacobians,
we compute the aggregate effect of a monetary policy shock rq < 7% with persistence p. We

also compute the direct and the indirect effects.

Proposition 4. The aggregate effect of a monetary policy shock rq is given by:

P ir,. (2)

1
dYp = —50(6)51 _

The direct effect of a monetary policy shock is given by:

Direct effecty = —(1 — p)p(e) T7ro : wizimdro.
The indirect effect of a monetary policy shock is given by:
Indirect effecty = dNo — (1 — j1)—— (1 ) AN
ndirect effect, = —(1—p)—(1 - w;zi————dNy.
0 0 H 117 P i 1— Bap 0
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The direct effect is an increasing function of \; while the indirect effect is an decreasing

function of ;.

Proof. s

The structure of preferences and the level of ex-ante heterogeneity matter for monetary
policy as they jointly determine the value of A\; and the equilibrium r. At the aggregate level,
A; determines the relative weight of the direct and indirect effects of a monetary shock on
output. The larger \;, the higher the direct effect and the lower the indirect effect. This is
consistent with the fact that the static MPC is a decreasing function of \; while the EIS is
an increasing function of \;. In the next section, we are going to study what happens when
ex-ante heterogeneity rises (1) in the absence of a non-homothetic taste for wealth (y = 0)

and (2) in the presence of a non-homothetic taste for wealth (y > 0).

1.3.3 Benchmark: monetary policy without a taste for wealth

We first study this model in the benchmark case without a taste for wealth by setting ~ to
0.

Proposition 5. In the HANK model with zero-liquidity, when v = 0 (no preference for
wealth), the Jacobians M and M do not depend on z:

Vi e {l,h},z € {r,n}, AM?(2') =0 and Mj = Mj.

1. There is neither a composition effect nor a behavior effect.

2. A change in permanent labor income inequality does not affect the magnitude of a

monetary policy shock.
Proof. Appendix C n

Without a taste for wealth, the slope of the steady-state savings function \; does not depend
on the level of permanent income. Vi, \; = A. Thus, the share of constrained households
across types is the same, and the sequence-space Jacobians per unit of permanent income
are equal across types. The distribution of permanent income is neutral on the transmission

of monetary policy.
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Indeed, without a non-homothetic taste for wealth, differences in permanent productivity
scale linearly consumption and savings functions across permanent types (Straub|[2019). As
the slope of the saving function of the highest idiosyncratic type evaluated at the steady
state is constant across permanent types, the sequence-space Jacobians per unit of perma-
nent income are equal across types. As a result, the total, direct, and indirect effects do
not depend on the distribution of permanent productivity. A change in the distribution of
permanent income thus does not affect the output response to a monetary policy shock, nor

the transmission channel of monetary policy.

1.3.4 Accounting for the non-homotheticity in saving behavior

We now study the impact of an increase in permanent income inequality in the zero-liquidity
model under non-homothetic preferences. In the presence of a taste for wealth, all low
permanent income types are constrained, \; = 0 and A = A} A rise in permanent labor
income inequality changes the transmission channels of monetary policy, leaving the aggregate

effect constant.

Permanent income and behavior effect. Under non-homothetic preferences, \ decreases with
permanent income because r is itself a decreasing function of permanent income. Thus, an
increase in permanent labor income inequality increases the MPC, decreases the persistence
of the iIMPC, and decreases the EIS. In Proposition [2| this change in A and r determine the
behavior effects AM,, which is the change in the coefficients of our sequence-space Jacobians

per unit of permanent income.

When permanent labor income increases under non-homothetic preferences, the Euler equa-
tion is more "discounted” in the terms of McKay et al.| (2017) and Michaillat & Saez| (2021)).
Indeed, as the high-productivity households become richer, their consumption increases, de-
creasing their marginal utility from consumption. For their Euler equation to hold at the
steady state, the real interest rate has to fall, since

1 - dr
B(@) [1 - (Zféw] o =V

9The Euler equation now depends on z; and the real interest rate will adjust so that the Euler equation

14+7r=

will hold with equality only for the high permanent income type with the highest idiosyncratic type. See
Appendix for details.
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Outside of the steady state, unconstrained households now put a lower weight 5(1+7:41) < 1

on future consumption since the Euler equation writes

;7 = (L+re1) BE[G 4] + (e + )7

As a result, a change in the path of real interest rates, i.e. a change in relative prices
of consuming at different time periods has a lower effect on consumption today (as future
consumptions are more discounted). Unconstrained households would like to hold wealth
relatively more for a present motive due to the non-homothetic nature of the taste for wealth
rather than for an intertemporal substitution motive. At the micro level, unconstrained
households become less sensitive to variations in the real interest rate, their EIS falls. At the
same time, they frontload their consumption reaction to an income shock, their MPC rises.

At the macro level, the direct effect is weakened while the indirect effect is strengthened}

Composition effect. A change in permanent income also redistributes a higher share of income
towards households with a lower MPC and a higher EIS, since all the constrained households
have a MPC of 1 and an EIS of 0. Formally, it changes the weights on each sequence-space

Jacobian AM;, which increases the direct effect and decreases the indirect effect.

To sum up, an increase in permaneent labor income inequality entails both a composition
and a behavior effect, and both those effects impact the transmission channels of monetary
policy:

dIndirect effectg
th

= composition effect, + behavior effecty,

<0 >0
d|Direct effecto|
th

= composition effect, + behavior effecty .

>0 <0

Furthermore, with zero liquidity, the change in the permanent labor income distribution has
no effect on the incidence of monetary policy on outputf} The “as-if” result of[Werning| (2015)
holds in this framework. The change in the income share of constrained and unconstrained
households generates no aggregate amplification since, in the absence of government bonds,
the elasticity of the net income of hand-to-mouth households to aggregate income is one

(Bilbiie[2008). In a simulation exercise done in Section , the composition effect dominates

10We prove this formally in Appendix XXX
"Note that Equation [2| depends neither on 7 nor on .
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the behavior effect. The rise in permanent labor income inequality hence leads to a rise in

the indirect effect and a fall in the direct effect. The results are displayed in Table [2|

1.4 HANK with positive liquidity

We now relax the zero-liquidity assumption and allow for a realistic level of liquid wealth.
The distribution of wealth is no longer degenerate, with a mass of agents bunched at zero
wealth. An increase in permanent income inequality changes the distribution of wealth, which

in turn impacts the aggregate consumption response to a monetary policy shock.

1.4.1 Calibration

For the distribution of permanent labor income, we set w to 0.1 and chose z, so as to match
the labor income share held by the top 10% in 1989 and in 2019. We follow |Straub (2019)) to
calibrate the CRRA parameter on wealth in order to match an elasticity of consumption to
permanent income of 0.7. The last two remaining parameters ~, the strength of the taste for
wealth, and (, the Stone-Geary parameter, are calibrated with 2019 level of permanent labor
income inequality so as to match a static aggregate MPC of 0.51 and a one-year intertemporal
MPC of 0.18 as in Auclert et al. (2024). When we decrease the level of permanent labor
income inequality to its 1989 level, we keep the rest of the calibration constant. Table

summarizes our calibration.

1.4.2 Results

The introduction of positive liquidity results in a non-degenerate distribution of wealth that
can endogenously vary with the distribution of permanent labor income. This shift in the
distribution of wealth alters the results obtained in the zero-liquidity case. The rise in
permanent labor income inequality increases the size of the indirect effect and decreases
the size of the direct effect (see table [J). The increase in the indirect effect outweighs the
reduction in the direct effect, leading to a larger overall impact of a monetary shock on output

following the rise in permanent labor income inequality.

Indirect effect. The rise in the indirect channel comes from an increase in the aggregate MPC
(see table |3) which ultimately stems from three effects: the change in policy functions, the

change in the wealth distribution, and the composition effect.
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Table 1: Calibration of the one-asset HANK model

Parameter  Description Value Source

Household

B Discount factor To match r = 5%

o CRRA on consumption 1 Auclert & Rognlie (2020)
y Strength of the taste for wealth 0.03 Internally calibrated

¢ Stone-Geary shifter 0.4 Internally calibrated

D CRRA on wealth 0.7 Straub (2019)

Labor income

Pe Autocorrelation productivity shocks 0.92 Straub| (2019)

Oc s.d. productivity shocks 0.2 Straub| (2019)

w High permanent labor income type 0.1 Internally calibrated

Zn High productivity type {2.8,3.4} |Piketty et al.| (2018)
Government

Tss Steady state interest rate 5%

Or Autocorrelation of monetary shock  0.15 Kaplan et al.| (2018)

o s.d. of monetary policy shock 0.01 Kaplan et al.| (2018])

B Government debt 0.23 Auclert & Rognlie| (2020))

First, the rise in permanent labor income inequality leads to a change in policy functions.
For a given level of wealth, high-permanent income households have higher MPC after the
rise in their permanent income (see Section which tends to increase the aggregate MPC.
This is shown in the left panel of Figure [2|

Second, the rise in permanent labor income inequality leads to a change in the wealth distri-
bution. In particular, we observe a significant rise in the share of hand-to-mouth households.
Indeed, when permanent labor income inequality rises, high-permanent income households
put a relatively higher weight on the taste for wealth, as wealth is a luxury good. They want
to increase savings everything else equal. For the asset market to clear, the real interest rate
has to fall. However, at the bottom of the income distribution, households put a relatively
lower weight on the taste for wealth. Their savings decision is hence driven mostly by the

precautionary and intertemporal substitution motives so that the decrease in the real interest
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Table 2: Change in total output elasticity and partial effect

Partial effect Total effect
r N Tax Y

Zero liquidity 0.28 -0.27 -0.01 0
Positive liquidity -1.91 2.74 -0.83 7.75

Note: The three first columns of this table describe the change in the percentage of total output explained by the partial effect
in an economy with a high and a low level of permanent labor income inequality in the first period. For example, the first
number means that in the zero liquidity model, the share of output change explained by the direct effect 'r’ decreased by 0.27%.

The last column shows the percentage change in the elasticity of total output to a monetary policy shock.

rate pushes them to dissave. As a result, the share of hand-to-mouth households increases,
as shown in the left panel of 2] This wealth distribution effect tends to increase the aggregate
MPC.

Table 3: Change in the MPC

Low type High type Aggregate

Low inequality 0.38 0.3 0.37
High inequality 0.41 0.3 0.4

Lastly, the composition effect tends to dampen the rise in the aggregate MPC. Indeed,
as the average MPC is higher among low permanent-income households than among high
permanent-income households, the rise in permanent labor income inequality decreases the
aggregate MPC. Quantitatively, the sum of the first two effects largely dominates the last

one leaving the aggregate MPC higher after the rise in permanent labor income inequality.

Direct effect. The change in the direct effect occurs in the opposite direction of the change
in the indirect effect. First, the change in the policy function reduces the EIS, as it decreases
with rising permanent income (see Section , leading to a lower aggregate EIS. Second, the
change in the wealth distribution further diminishes the direct effect, as a larger proportion of
households are now hand-to-mouth and thus unresponsive to interest rate changes. Finally,
the composition effect reallocates income towards households with a higher EIS (see the first

two columns of Table , increasing the aggregate EIS. However, quantitatively, the combined
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Figure 2: MPC and EIS along the wealth distribution

Note: This figure plots the marginal propensity to consume out of a one-time income shock (on the left) and the elasticity of
intertemporal substitution (on the right) for different levels of wealth (x-axis) and for different levels of permanent income (in
orange, the permanent labor income of the top 10% in 1989, in dotted orange the permanent labor income of the top 10% in
2019; in blue, the permanent labor income of the bottom 90% in 1989, in dotted blue the permanent labor income of the bottom
90% in 2019. We also plot the wealth distributions of the two permanent income types normalized (in blue, the low-income
type, and in orange, the high-income type) before and after the rise in permanent labor income inequality (in dark color before

and transparent after the rise).

impact of the first two effects outweighs the third, resulting in a lower aggregate EIS following

the rise in permanent labor income inequality (see the last column of Table |4]).

Amplification. The aggregate neutrality of the permanent labor income distribution no longer
holds with a realistic level of wealth. The rise in the share of hand-to-mouth households am-
plifies the output response to a monetary shock. Indeed, the elasticity of hand-to-mouth net
income to aggregate income is greater than one. In the case of a fall in the real interest rate,
the net income of hand-to-mouth households increases both from the rise in labor demand
and from the fall in the labor tax rate (Bilbii¢|[2008). Moreover, even if the change in policy
functions and distributions might be small quantitatively, the overall impact on the out-
put response to a monetary shock remains economically significant since those composition,

behavior, and wealth effects are amplified by the change in labor income (see Proposition .
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Table 4: Change in the EIS

Low type High type Aggregate

Low inequality 0.59 0.68 0.6
High inequality 0.55 0.68 0.57

1.4.3 Impact of an increase in the variance of idiosyncratic shocks

Does the nature of the rise in labor income inequality matter for monetary policy? In other
words, what would have happened if the rise in labor income inequality were to be driven by
an increase in the variance of shocks happening over the lifetime. The results are displayed

in Figure [ in the appendix.

In the zero-liquidity case, an increase in the variance of shocks decreases A\ and raises p(é).
The fall in A\, through a rise in the aggregate MPC, increases the indirect response. At
the same time, the rise in p(€) magnifies the intertemporal substitution effect. As high
idiosyncratic type households earn more, a change in the relative price of consumption has
a higher effect on their aggregate consumption. Combining the rise in indirect and direct
effects, an increase in the variance of shocks unambiguosly increase the effect of monetary

policy in the zero-liquidity case.

This property no longer holds when households have access to a sufficiently-large stock of
government bonds. Indeed, there is now an additional effect. When the variance of shocks
increases, more households end up at or close to the borrowing constraint. The EIS of
those households is low and so the direct effect is weakened. On top of that, there is an
aggregate dampening of a monetary shock as the equilibrium r decreases when labor income
inequality increaseﬂ. The lower interest rate means that the equilibrium tax rate is lower
and the elasticity of the disposable income of hand-to-mouth households to aggregate income
decreases (but remains above 1). There is less amplification and a monetary shock has a

lower aggregate effect after the rise in the variance of idiosyncratic shocks.

We see that the predictions of the effect of a rise in the variance in initial outcomes compared

to the effect of a rise in the variance in idiosyncratic shocks are largely reversed. The nature

12 As households now want a higher buffer stock of savings, everything else equal.
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of the rise in labor income inequality does matter to understand the change in its aggregate

effect and its composition.

2 A quantitative two-asset HANK model

Our previous model featured only one endogenous variable, N;. It also abstracted from a
realistic supply side, investment and inflation, in order to represent the entire path of the
economy through an intertemporal-Keynesian cross. In this section, we extend our previous
analysis to a quantitative environment that features a two-asset choice on the household side

and includes the previously omitted elements.

2.1 Environment

Households. The problem of a household of type 4 in labor union H™|is given by:

71 ng” N (az+ 0+ )2 =1

Vielle, a e0) = max { =
b a,e0) mc?x{ 1—0c  “1+v " >

+ ﬁEt[Vi,tH (at+1, £t+1, €t+1) |€t] },
subject to the law of motion,

ct+ Ll = )\t(zietwktnkt)l_T +(1+ Tf)ft + dy,

a1 = (L+r{)a; — di(ay).

We follow |Auclert et al. (2020) and assume that flows from and towards the illiquid are
determined exogenously by the following rule

T _
di(az) = : ;;a 1+rHa+Q((1+rf)a — (1+72)a;)

where a; is a target level of illiquid wealth determined exogenously, and €2 is a number close to
zero. This rule implies that, at the steady state, households receive a fixed income 7¢,a; from
their illiquid account and that the total supply of illiquid assets is Y, w;a;. In the transition,
they will transfer the excess or missing returns toward the liquid account. The evolution of

the idiosyncratic productivity shocks follows a log AR(1) process given by

log(e;) = plog(es—1) + €f,

13See next section.
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with ¢ ~ AN(0,02). Finally, notice that the number of hours supplied is not a control
variable as it is chosen by the labor union. This household block gives rise to the aggregate

consumption and the aggregate asset supply functions

Lt - Lt({rs, N57 As}sZta ,ut)a
At = At({TS7NS7 )\S}Sztalut)a
Ct = Ct({rsza )\s}sztnut)a

where p,; is the distribution of households over idiosyncratic states, asset positions, and

permanent types.

Unions. Every worker belongs to a union k. Each union k£ aggregates efficient units of work
into a union-specific task Ny; and sells those union-specific tasks at price Wy, to a competitive
labor packer with an elasticity of substitution of € between union-specific tasks. The problem
of the union is specified in the Appendix. Solving the union problem yields the following

non-linear New-Keynesian Phillips curve on wage inflation:
w v 1 —0 w
T =k (N)" — " (L= A)we (Co) 7 | + By

Central bank. The central bank follows a Taylor rule
i =T+ ¢ + €,

where r is the steady-state interest rate. The innovations to the nominal interest rate set by
the central bank follow an AR(1) process with persistence p,. The ez-ante real interest rate

is given by the Fisher equation
1414
L+ mgy
Firms. The firm block of our model follows Auclert & Rognlie (2020)). The supply side is

1+Tt:

composed of two sectors. A final goods producer that uses a basket of intermediate inputs
x;; with an elasticity of substitution pu,/(u, — 1), and a continuum of intermediate firms in
imperfect competition, which produces the intermediate goods using capital and labor with a
Cobb-Douglas technology production function. Intermediate goods are produced by a mass
one of identical monopolistically competitive firms, whose shares v; are traded, with price p;
and dividends d; at time t, and owned by households. Intermediate firms own the stock of

physical capital, make investment decisions subject to convex adjustment, and make pricing
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decisions subject to Rotemberg adjustment costs. The intermediate’s firm problem can be
found in Appendix This setup yields a standard non-linear New-Keynesian Phillips curve
on final-goods price inflation[}

Yin
1 .
1+Tt7Tt+1( + Tt1) Y,

Nt
Y’

m (14 m) = kP (WP -mey — 1) +

where the marginal cost is given by, mc; = ﬁwt with w; the real wage, kP the parameter
governing the Rotemberg cost, and p? the markup of intermediate firms. The investment
decision is governed by the usual marginal Tobin’s Q equations

1 K,
=14 — —1
Qt + (56[ (Ktl > )

K K K
(14 7o-1) Qs = mer - Fie (K, Ny) — ( (1 5)) - <,0( Igl) F o

Finally, the price of the firm p; is given by the non-arbitrage condition between owning equity
in the firm and government bonds:

_ dip+ Py
Tt+1

Dt

Financial intermediary. There is a financial intermediary that receives liquid and illiquid
deposits from households and invests them in equity and government bonds. It performs
this liquidity transformation at a fixed cost £ so that r, = r® = r? — £, We assume that the

financial intermediary is in perfect competition so that it makes no profit in equilibrium.

The flow-of-fund constraint at the beginning of period ¢ states that the value of liabilities

must be equal to the liquidation value of the intermediaries portfolio:
(L+78) A+ (1+7)) Lo = (14 710) By + (e + di)vy — L.

At the end of period ¢, new investments in bonds and shares should be equal to intermediary

liabilities (or aggregate savings):
Pvrr1 + Bipr = Avpr + L

Finally, returns on the illiquid assets are subject to capital gains following a one-time un-
expected shock. The return on illiquid assets in period 0 following an unexpected shock is
given by
T,a — Dss dl +p1 + Bss r
0 B +pss Po B +pss v

4 Appendix G.1 in|Auclert et al.| (2024)
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The firm term of this expression captures the fact that following an unexpected shock, the
price of the firm might jump (or fall) unexpectedly, increasing (or decreasing) the real return
on equity compared to what households expected to receive the period before the shock, at
the steady state. Due to perfect foresight, the usual non-arbitrage condition holds for all the

remaining transition periods.

Government. The government imposes a progressive tax on labor income, determined by the

HSV coefficient 7 and the rate A\;. The budget constraint is
Nywg = N Zwi /(wtetSiNt)l_TdMi,t +rB.
Market clearing. Market clearing implies that

1. Asset market: A; = p; + B;

2. Labor market: N = N¢;

3. Goods market: Y; = Cy + I, + G+ ELy + o (522) + s, (22Y)).

2.2 Calibration

Calibration of permanent types

Our quantitative model has four types of households, each belonging to a group of the
distribution of permanent income: the bottom 50%, the next 40%, the next 9% and the
top 1% of the distribution of permanent income. We calibrate the corresponding z; to match
the distribution of labor income described in Piketty et al.| (2018). We then associate each
of those groups to a target of illiquid asset a;, as in |Auclert et al. (2020). We set those
targets to match the unconditional distribution of illiquid assets in the Survey of Consumer
Finance, and to match a share of liquid assets to output of 0.23, as in Kaplan et al.| (2018]),
Auclert & Rognlie (2020)). The final distribution is described in table XXX. In our main
computational exercise, we compute the impact of a monetary policy shock in an economy
where the (Sps, Sna0, Sno, St1) and (aps, Gnao, Gn, az1) are calibrated to match the distribution

of income in 2019 (high inequality) and 1989 (low inequality).

Calibration of the taste for wealth
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Table 5: Calibration of the quantitative model

Parameters Description Value Source

Preferences

6] Discount factor 0.85 Internally calibrated
o CRRA coefficient on consumption 1 Auclert et al. (2024)
¥ Strength of the taste for wealth 0.7 Internally calibrated
E CRRA coefficient on wealth 0.7 Straub (2019)

¢ Stone-Geary parameter 0.25 Internally calibrated
Productivity

0. Variance of idiosyncratic productivity shocks 0.2 Straub (2019)

Pz Autocorrelation of shocks 0.91 Straub (2019)

Union

Kuw Slope of NKPC 0.03 Auclert et al. (2024)
i Markup of the union 1.01 Auclert et al. (2024)
Firm

a Cobb-Douglas coefficient for capital 1/3

o Depreciation rate 8% Auclert et al. (2024)
Lp Markup of the firms 1.01 Auclert et al. (2024)
1 Investment cost parameter 4 Auclert et al. (2024)
KP Rotemberg cost parameter 0.23 Auclert et al. (2024)
Portfolio choice

Q Flows from illiquid account 0.005  Auclert et al. (2020)
¢ liquidity premium 2% Auclert et al. (2024)
Tss Steady-state interest rate 5%

Government

G Government spendings 0.2

T Progressiveness of labor tax 0.181  Auclert et al. (2024)
B Public debt 0.7 Auclert et al. (2024)
Monetary policy

Tss Steady state interest rate 5% Auclert et al. (2024)
bx 1.5

Pr 0.15

28



We calibrate internally only two parameters: the strength of the taste for wealth ~ and
the Stone-Geary shifter (. We set those parameters to match the distribution of wealth in
our model in 2019, given a distribution of permanent labor income (sp5, Sn40, Sng, S¢1) and a
distribution of illiquid wealth (aps, an40, Gng, as1). Table 7?7 describes the total distribution
of wealth in our economyﬁ. Our model also does a fairly good job at reproducing the
distribution of wealth in 1989, which we do not target in the calibration of the taste for
wealth (overestimating the wealth share of the middle 40% and underestimating the top 10%

wealth share).

Notice that, when calibrating, we do not target the path of iMPC, only the wealth distribu-
tion. However, we do get quite close on the aggregate MPC from [Fagereng et al.| (2021), but
we undershoot the iMPC one year after the income shock estimated in |Auclert et al.| (2024]))
(from 0.16 to 0.18 depending on the data source).

Due to the two-asset structure, the share of hand-to-mouth aggregates both poor hand-
to-mouth households that have no liquid and illiquid wealth and wealthy hand-to-mouth
households that have no liquid wealth but have positive illiquid wealth. The later are reluc-
tant to dissave their illiquid wealth. As a result, they feature high MPC out of any labor

income shock even if they have positive weealth.

Table 6: Distribution of wealth in the model and the data

Bottom 50% Middle 40% Top 10% Top 1%

Data PSZ 2019 0 28 71 34
Model 2019 1 28 69 38
Data PSE 1989 1 33 64 28
Model 1989 3 37 99 29

2.3 Results

We now investigate the impact of rising permanent labor income inequality in this quantita-

tive framework. In our main experiment, we study the impact of an expansionary monetary

15We use the extended series available on https://gabriel-zucman.eu/.
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policy shock in two different economies: one where the distribution of permanent labor in-
come and illiquid wealth is calibrated on the U.S. economy in 1989, and one where those

distributions are calibrated on 2019

Table 7: Decomposition of the effect of a monetary policy shock

Low inequality High inequality Change
Elasticity of Y -2.13 -2.4 12.4 %
Elasticity of C -1.46 -1.92 31.4%
Elasticity of T -3.36 -3.19 -4.86%
Elasticity of C, part. eq. -0.5 -0.37 -25.7 %
Component of % change of C due to
Direct effect of r® 36 20 -16 p.p.
Indirect effect of N 28 42 14 p.p.
Indirect effect of taxes 33 36 3p.p-
Indirect effect of p 3 2 -1p.p.

Note: Average response over the first year. The first column reports the number in the economy with low permanent labor
income inequality, calibrated on 1989. The second column reports the number in the economy with high permanent labor income

inequality, calibrated on 2019. The last column reports the % change of the elasticities, and the p.p. for the partial effects.

Table [7| reports the main results of this quantitative exercise. We find that the increase in
permanent labor income inequality increases the output elasticity to a monetary policy shock
by 12.4%, a result in line with our findings in the previous section. This increase is mostly
driven by a higher sensitivity of consumption to changes in labor income, as reported by the
second part of Table [7], and attenuated by a lower sensitivity of consumption to changes in
the interest rate. Indeed, the partial elasticity of consumption decreases by 25% in our model,

while the share of total change in consumption, explained by the indirect effects, increases

significantly.

16We run the same exercise as in Section but keep the distribution of illiquid wealth constant. Looking
at Table |§| and [T0] we get similar results as before.
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Figure 3: Effect on output of a monetary shock

Note: The left figure plots the output response following a monetary shock. The right figure plots the difference in the

decomposition between the high-inequality economy minus the low-inequality economy.

What are the implications of an increase in permanent labor income inequality on the trans-

mission of monetary policy with a realistic wealth distribution?

Our results remain consistent with the findings from Section [I.4] An increase in labor per-
manent income inequality increases the effect of a monetary shock. Looking at the decompo-
sition in Figure 3| (b.), the contribution of indirect effects (from taxes and the labor demand)
increases while the contribution of the direct effect is slightly lower. Consistently with Sec-
tion [I.4] the rise in indirect effects comes from the increase in the income share going to
hand-to-mouth households as the wealth-distribution effect dominates the composition ef-
fect. The endogeneous rise in the mass of hand-to-mouth among low-permanent income
types dominates the fall in the income share going to low-permanent income households.
The wealth distribution effect is reinforced by the policy function effect. Indeed, the rise in
permanent income increases the marginal propensity to consume of high-permanent income
households. Not surprisingly, in Figure [4] (a.), we see that the aggregate MPC goes up while
the subsequent iMPCs decrease.
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(a.) IMPC (b.) Consumption response
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Figure 4: iMPC and decomposition of a monetary shock

Note: The left figure plots the iMPC. The right figure plots the decomposition of a monetary policy shock in the high-inequality

economy.

At the same time, the rise in permanent labor income inequality tends to dampen the ag-
gregate elasticity of intertemporal substitution. Similarly as in Section the composition
effect tends to raise the aggregate EIS by giving a higher income share to households that
have on average a higher EIS. However, the composition effect is largely dominated by the

sum of the policy function effect and the wealth distribution effect.

Conclusion

In this paper, we have shown that the rise in permanent labor income inequality changes the
composition of a monetary shock by decreasing the share of direct and increasing the share of
indirect effects. Decomposing the effect of the rise in permanent labor income inequality on
monetary policy, we show that our main result is attributable to the combination of the policy
function effect and the wealth distribution effect which outweigh the composition effect. The
change in the permanent labor income distribution also generates amplification of monetary

policy through the change in the income share going to hand-to-mouth households.
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A Deriving the Intertemporal Keynesian Cross

A.1 Intertemporal Keynesian Cross following a monetary shock

In the goods space:

Y = (1-w)Ci({rs, No}) + wCi({rs, N})
Differentiating:
dY = (1 —w)zyMPdN + (1 — w) 2z, Midr + 2woMPdN 4 wz M/ dr

In general equilibrium, dY = dN = dC, dT = Bdr—rBdN, 7 = rB and dN = (1—7)dN—dr.
Hence, dN = (1 — rB)dY — Bdr +rBdY = dY — Bdr

We have that
dY = (1 —w)z, M} (dY — Bdr) + (1 — w)z, M} dr + 20wM}(dY — Bdr) + wz M dr
Solving for dY:
(T— (1 = w)aMj = 2wM]) dY = ((1 - w)zyM}, + wzMjdr — B(1 - w)zMj, — BzwM7 ) dr
Using that Vo € {r,n}, M?* =wzMJ + (1 — w)z,M7,
(T-M")dY = (M’ — BM") dr

Mutiplying by K = —¥2,(1 4+ r)"*F* on both sides with F the forward matrix. Then

inverting, we have that:

aY = (K (I-M")) " K (M — BM") dr

A.2 Decomposition of the effect of a change in the permanent

labor income distribution

In a economy characterized by a permanent labor income distribution, the effect of a monetary

shock dr is given by
dY (z) = (1 — w)zyMj(z) + wz M} (z))dr + (1 — w)2,M}(2) + wz M} (z))dN(z)
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Taking the difference between the effect of the same monetary shock in two economies char-

acterized by two different permanent income distribution z’ and z:

dY (z') — dY (z) =((1 — w)z, M, (2) + wz M (2))dr + (1 — w)2,Mj(2') + w2 M (2'))dN(2')
— (1 — w)zpM(z) + wz M (2))dr — (1 — w)2,M7(z) + wzM?(z))dN(z)

dY(z') — dY(z) =((1 — w)(z, — zp)M}(2") + w(z — 2)M](z))dr
+ (1= w)(z, — 20)M}(2) + w(z] — 2)M](2))dN(2)
+ (1 = w)zn (M} (2') — M(2)) + wa(M](z') — Mj(z)))dr
+((1 = w)za(Mj(2') — Mji(2)) +wz(Mj(2') — M}(2)))dN(z)
+ M (z)(dN(Z') — dN(z))
Defining Az = 2/ — 2 and AM”(z') = M”(z') — M*(z), we get

dY (') — dY(z) = [(1 — w)Az,M] (z") + wAzM](z")] dr + {(1 —w)Az, M) + wAzl’M?(z’)} dN(z)
+[(1 = W)z AM}(2') + wz AM (2)] dr + |(1 - w)2,AM(2) + wz AM](2)| dN(Z)
+ M(2) (dN(z') - dN(z)).

B Appendix to HANK zero-liquidity

Solving the zero-liquidity model

This section shows how to derive analytically the main sequence space Jacobian of the zero-
liquidity model. This proof follows closely the appendix D.4 of |Auclert & Rognlie| (2020)),
but extends it to the case of monetary policy shocks, with different permanent types and a

non-homothetic taste for wealth.

B.1 Notation

Let ¢;+(a, e) and a; 411 (a, €) be the policy functions for consumption and savings at time ¢ of a
permanent income type i. ¢(a,e) and a(a, e) are the steady-state policy functions. Similarly,
Vit(a,e) is the value function at time ¢ of a permanent income type ¢ during a transition

following an aggregate shock, while V;(a, e) is the steady state value function.

We denote:
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e d(a,e) and a}(a,e) the derivative of the steady state policy functions with respect to a

o dcii(a,e) = &%tiéj’@dxs, da;(a,e) = %@}S(a’@dxs the change in the policy function at

time t when there is a shock to a variable at time s
o V/(a,e) is the derivative of the steady state value function with respect to a
o dV;i(a,e) is the change in the value function at ¢t when there is a shock to z at s:

dV, = 22 g,

B.2 Solving for the steady-state interest rate

The main idea of the proof is that, in the zero-liquidity limit, all households except the highest
productivity type of the high-permanent type will be constrained. Thus, the equilibrium
interest rate at the steady state will be such that only this high idiosyncratic type, high

permanent productivity type household will be on its Euler equations.

First, recall that the Euler equation in the zero-liquidity model of an agent ¢ with idiosyncratic

productivity e; can be written as

(zieeNy) 77 > B(1 4 1y) Z Heer (zierr1Np1) ™7 + ’7672

€

Focusing on the steady state, we can write

1> B(1+7)ple) +7¢ ()" (3)

where p(e) = Yo e (%)ﬂ. We assume that Il is such that p(e) is a strictly increasing
function of e, and that € = argmax p(e) is the highest idiosyncratic productivity typelﬂ. Let

us first focus on the case with homothetic preferences, when v = 0. In this case, we have
1> B +r)p(e).

Assume that there exists an € < e such that
1= B(1+7)p(e).

Since p(€) < p(e), this implies that

1< B(1+7)p(e),

17This is the case if 1./, approximates an AR(1) process.
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which violates[3] Since this holds for all € < e, if there exists an r such that Equation [3 holds
with equality, it must be that

1= (1+7%)8p(e).

However, since there is no liquidity in the economy and we assume that a; > 0 for all
households, there exists an infinity of interest rate » < r* such all households are constrained
and the asset market clears. However, as shown by Werning| (2015), all those equilibria
disappear if we introduce an £ amount of liquidity in the economy. We thus discard them

and focus on a steady-state equilibrium where r = r*.

When v > 0, note that Equation (3| is an increasing function of both e and z;. By the same
argument, if there exists an r* such that Equation [3| holds, it must be that it holds for e = e
and ¢ = h. Thus, the equilibrium interest rate is given by

1= (zpe)”
b= Bple)

Note that this is a strictly decreasing function of zj, and the steady-state interest rate will

thus decrease when permanent income inequality increases.

B.3 Computing the sequence-space Jacobians M" and A"

We now move on to solving for the main object of interest of this paper, the sequence-space
Jacobians for consumption and savings following an interest rate shock M", A" and an

income shock M", and A".

First, recall that the budget constraint of the household can be written in terms of policy
functions as

cirla,e) + a;1(a,e) = Nezie + (1 + 1) ay. (4)

Note that, at the steady state, the market clearing equation implies that we have a = 0 for
all households. Taking the derivative of Equation 4| with respect to a and evaluating it at

the steady state yields
Oci

da

We define as A; . the slope of the savings policy function of an agent with permanent type ¢

(0,6)"‘/\7;’@: 1+T

and idiosyncratic productivity e:
oa;
)\i’e = 87012(07 6).
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Note that, for any sequence of shock on r;, we can take the derivative of |4| with respect to

time and evaluate it at zero wealth to obtain
dc’i:t(ou 6) + dai,t+1 (07 6) =0

This means that any change in the policy function for consumption at time ¢ following a
shock on the interest rate must be perfectly compensated by a change in the policy function
for savings. This is intuitive: since there is no wealth in the economy, an interest rate shock

has no income effect. If households want to save more, they will have to consume less.

To characterize the consumption response following a sequence of shock, we will study the

response of the policy function to each shock separately, and aggregate them at the end.

1. First, let us start with a shock that happens at t = s. Since the shock happens only at
t = s, the value function tomorrow will be equal to the steady state value function. Since
an interest rate shock has no income effect, and future wealth is valued at the same rate
(dV;i(a,e) = 0), we must have

de; s(0,e) = 0.
This implies that the first column of the Jacobians M" and A" will be only zeros.

2. When shock happens in the future, that is, when ¢ < s, the envelope condition is
Vii(0,€) = (14 r)u'(cia(0, €))
Totally differentiating this expression and evaluating it at the steady state yields
dV;,(0,e) = (1 4 r)u"(ze)dciy (0, e) + u'(ze)dr,. (5)

Evaluating this expression at the period of the shock ¢ = s, and since dc; 5(0,e) = 0, this
simplies to

dl/zs(O, e) = u'(ze)drs.
Using the fact that (see derivation in appendix D1 in |Auclert et al| (2024))
d‘/iit(()’ €) = BAie Z Hee’d‘/z’ft—&-l(oa e)

We thus have
u'(z€)

dCi’t<O, 6) = 6>\i,6’ ; Hee’ |:dci,t+1 (0, 6) + deﬂ
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Note that
' (z€) B (")~

u"(ze)  —o(e)ol

But since \;. = 0 (constrained households consume all marginal additional unit of wealth)
for all e # e, we have

i B u'(e)
dei(0,e) = BAiede11(0,€) + z; ; Hée/m

driyi.

Let us define

p(e) = XL () )

e

Note that, when the variance of shocks tends to 0 and the auto-correlation of shock tends to

1, K" — 1.
We can then write

_ _ € _ 1
de;(0,€) = BAiede;+1(0,€) — Zi—H plé)——
ée U(

d .
1+7) s

Solving this equation forward, we obtain that for any shock at s > ¢ (using the fact that

driy1 = 0 except when ¢t + 1 = s):

(&

1
deig(0,€) = — (B ellee)™ (Ziliéép(é)a(lm> drs for s >t.

Summing for all potential shocks, we get

1
2(0,8) = = S (Bhiellee)™ (2 p(6) ——— f
dcl,t<07 6) (6)\1,6 ee) (Zz Héép(e)O'(l T 7’)) dT’S or s >t

s>t

And using the fact that day1(0,€) = —dc(0, €), we obtain

. e) = L TT__\s—t ) e — 1
daz,t-i-l (07 6) - Z(ﬂ)\z,enee) (Zz ,0(6) 0_7<1 n 7“)) dry for s >t

s>t Héé

which we can rewrite as

_ . e _ 1
da;t11(0,€) = ;(5%’) ! (Zil_lgép(@a(l—i—r*)) dr, for s >t

where \; = \; gllze.

Aggregation.
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We compute the aggregate supply of savings of permanent type i at time ¢. The savings at
time ¢ for an unconstrained household of permanent type i that has been unconstrained for

the last 7 — 1 periods is:
Qirt+1 = Qip41(Qir—14, €)

Where we define a; _; o = 0 the wealth holdings of all constrained households whatever their

permanent types.

Totally differentiating the expression yields

da; 41 = da;;+1(0,€)  +Nig dai-—14
—_———
change in policy function change in wealth holdings

Aggregating with weights 7z(1 — ITg)IIZ, and

Z 7Te - ee H dam—t—i—l Z 7Te - H (daz t+1(€ O) + /\z edazr 1t)

using that A; 41 = 220 o7z (1 — Ize) IZa; r 441, wWe get

dAi,t—i—l Z 7Te H (daz t+1 (0 6) + /\z edaz T—1 t)
dAi,tJrl = dai,tJrl (07 é) Z Te (1 - ee HT + Z 7Te - ee HT )\1 edaz‘r 1.t
7=0

dA; 111 = meda;141(0,€) + Z e (1 — Hee) I\ eda -1 4

=0

Noting that da; _1, = 0, we get

dA; 141 = meda;111(0,€) + Z e (1 — Ilge) IIZ N\ eda -y

7=0

Note that that second term can be written as
Z 7Te - HT >\z edai,T = HéeAi,édAi,t
so that we have

dA; 141 = da;141(0,€)ms + N ellzed As g
= dai7t+1<0, é)’ﬂ'é + )\idAi,t
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From the previous subsection, we have
_ . e .1
dai’t+1<0, 6) = SZN(BAJ t (Zil_leep(e>o'(]_—|—7’)> dT’s for s >t
Combining with the law of motion, we get

e 1
dAi’t+1 = Tlg Z(ﬁ)\,L')Sit (Zl]:[——p(e)(f(l—l—T)> dTS —+ AidAi,t

s>t

et Tee
— lee”

Defining the effective share of unconstrained household 1 —

dAl 1 = ( )Z(ﬁ)\ ) ( (6)0(11M> d?"s + )\idAi,t

s>t

For an unexpected shock at s = 0, we have
dAi1 =0
the first column is only zero.

For a shock at s = 1, we have in t =0,

Ay = (1= j)BA (p(e)g(ll_’_qn)%) dry

And,
1
dAl ZdeAZ 1= 1 — BZ(UZ i ( 0'(]_~|>7“)ZZ> drl

Zwlzz (ay)Ti(a)

1 0 0 0 1+r o 1+r o
A 10 N
Ti(ay) = \ and T;(a-) =
2 ) 1 0 0 0

B.4 Solving for )\;

The key parameter that determines the behavior of households is A;. To solve for it, we use
the Euler equation of the highest permanent type h with the highest idiosyncratic type e at
the steady state

cpla_,e) 7 =p(1+r) Zﬂée/ (cn (ap (a_,e),e)) " +~(an (a_, &) +¢)~=

43



Differentiating with respect to a_ and evaluating at a_ = 0:

ach _ 8ch aah
D (0,e) = B(1+4r) Zﬂee/u (zn€') — 9ar (0,e >8a

e’

(0,€)=7S(an (0,€)+¢) 7"

u"(zpe) —

Using that 2%-(0,€) = (1 + r)mpe and 92:(0,€) = (14 7)(1 — mae), at the steady state
ap (0,€) =0 and,

u"(zp€)mpe = (1 +r) ZHee/u zne)mp e - (1 —mpe) —y3S(1 — mhg)c_z_l

—J(zhé)_”_lmmé = —oB(1+47)? ZHée/(zhe')_”_lmh’e/ (L =mpz) —yE(1 — mh,é)C_E_l

e/

e

1\ —o—1
by S
mpe = B(1+7)? ZHEE/ <é> Mpe - (1 —mpz) + 7;(1 — mpz)C > lze)T
Using that Ve’ #e, mpe =1,

—o—1
b
mh 1 + T’ (Z Hee (_) + Héémh’é) . (1 — thg) + 7;(1 — mh75>C_E_1(Zh€)U+1
’756

—o—1

g )y _
1-— mhﬁ o' Ae g

This is a quadratic equation that pins down the MPC my, ¢ of the highest permanent type

with idiosyncratic type €. Notice that, when there is no taste for wealth, v = 0, the equation

no longer depends on zj, and Vi, m;e = me. From my, ¢, we recover )\ since:
)\h = Héé(l + T)(]_ — mh7é)

Since there is always one unique A whatever the preference, we can drop the type subscript

and have A = \,.

B.5 Rewritting the sequence-space Jacobians

Writing the sequence-space Jacobian of the savings reponse following an interest rate shock:

B
IL+r

AT = (1 - ppe) 222 ZWZTT at)T;(a-)
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1 00 0 1 B\
A 10 .- 00 1
T (ay) = and T} (a_) =
’ A2\ 1 ’ 00 0

When there is no taste for wealth, there is always a unique A common across permanent

types, we can get rid of the 7 subscript in the T matrices and: A

AT = (1= @) L ST ()T (0) = (1= p)pE) o ST (0 T (e )

When there is a taste for wealth, there is still one A for the highest permanent type, all other

As are 0, and:

A1
AT = (- p)pl@) {2 Lo T (0 T a )
01 B\
0o X\ 1 A2
A" = (1-p)p(e) i L non o7

l+ro 0 A2 A2BA+ A

day = BAdry, dcy = —PBAdr
das = (1 + BX)drs
cotas=(1+r)a;+N <= dcy = (1+71r)day —day = (1 4 r)BAdry — (1 + BN)drs
< deg = [(1+7)BX — (14 BA)]dry
From A", we recover M" using the vectorized budget constraint:

M’ + A" = (1+7r)LA" < M’ = ((1+7)L —T)A”

Starting from the non-homothetic case:

-1 0 0 ---\{o 1 BA
_ AN1|1+7r =1 0 <[]0 X 1+pA
M = (1 - 2)p(@)non2

Ltro| 0 147 —1 ---|]0 A2 A2BA+2
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0 ~1 —BA
A 1[0 T+r—=A (14+7r)BA—1— A
Ltro (o (T4+7)A=X2 (14+7)(1+8X2) = X2B6A -\

M" = (1 — p)p(€)znwp

Finishing with the homothetic case:

0 —1 — B
BA 10 147—2 (1+7)8A—1—BA

MO0 o A x4 Ay — a29a -

B.6 Computing the sequence-space Jacobians M" and A"

We follow closely Auclert et al. (2024)), appendix D4, with the introduction of permanent
types. Differentiating the budget constraint, we have that:

dC@t(O, 6) = mezidNt

We have that
dVift(Ov e) = B Z Hee’d‘/;ft+1 (0, e/)

Computing the Envelope condition
Vi (asse) = (141l (e (as )
Differentiating and evaluating it at the steady state,
dV},(0,e) = (1 +r)u" (ez:N)dei4(0, €)

Plugging it in the equation above:

(14 r)u"(ez;N)deit(0,€) = A Y Tee (1 + 7)u" (¢ 2N )de; 141 (0, €)

e

€N\

o—1
dci,t(oa 6) = B %: L (ezJV) dci,t—i—l (07 6/)
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!/

—o—1
e
dCLt(O, 6) = ﬁ)\e Z Hee/ (e) dCi7t+1 (0, 6/)
e/
The change in the policy function for consumption of permanent type ¢ at time t due to

shock on N

_ N\ —(o+1
(BAellee)® ' (Ze';éé rr[I’ (%) S e + mi’ge> zidNg s>te=e
de; (0, e) = m; gez;d Ny s=te=e
0 s<t

Adding up across all shocks {N,},

ng/ N\ —(e+1) 0o
dCiﬂg(O, é) = mi,éézidNt + (Z I <e> . 6/ -+ mi’gé Z (ﬁkéﬂéé)s_t Zist
ee \ €

e'#e s>t

D

oI

-, 1\ —9 00
daz’,tJrl(Ov é) = (1 - mz’,é)ézidNt —e (Z Hee ( ) + mi,é) Z (ﬁ)\éﬂéé)s_t 2;d N,

el4e €€ s>t

B.7 Aggregation

As before, we have that,

dA; 141 = da;141(0,e)mz + NidA;

Combining the last two equations and defining K = Y./ Lees (%)70, we get:

'#e Tz
dA; 1 = me(1 —myg)ez;dN, — mee (K + myg) Z (5)\5Héé)s_t 2 dNg 4+ NidA;
s>t
Summing across permanent types given that dA;y1 = > ; widA; 11, we get the following
aggregate sequence-space Jacobian:
A" = 7ree Zwlzz (ay )T} (a")
1 0 0
Ao 10
With T7 (a )
ED VI |

DY

2 = (it = 2 BN = (e = 25) OV
0 1)4\:7« (ﬁ(llJrr B 1+r) (6)\ )

0 0 ﬁ;«
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B.8 Rewritting the sequence-space Jacobian for income shocks

As before, when there is no preference for wealth, the sequence-space Jacobian is given by:

mze 1
An_ € Tn Tn
1 T )T ).

When we have preference for wealth,

Tz€ Wh2H

A" = Héél+rT (ay)T™(a_).
1 00
With T () = | - °
1 a =
i A1

and T"(a_) = A B (% B )\> (B2)
0 A
S LY - (5= oy
W T wz | N A (5=2) (B +A “A(B =2 (B2 = (5= 2) (BN
Hee L7 { X3 =22 (5= 2) (BA) + 22 =22 (5= A) (BA2 = A (5= A) (B) + A

From A} = A" /(wpzp), we recover M} using the vectorized budget constraint:

M + AP = (14 7)LA} +1 < M} = (1+7r)L-D)A} +1

Defining
= (5=2) (BN (£=2) (BA)?
wrp = | (FHPAZX (- (T+r) (3= A) (BN =& (BN = (1+7)8A+1) (3 =) (BN)
(1+7~))\2_)\3
. Tee 1 Loy
A TEE e
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And:
n n Te€ WhZh ~rem
M :whthh—i—wlle: H561+TM —|—I

The first line, first column of M7}, is the static MPC :
Te€ A Te€ Te€ A
T T =) Lot o (=1
e Lt T ce MPC HtM Ny 1
share of Ricardian within high type MPC Ricardian

share of constrained within high type

While the following elements on the first column give us the iMPC:

et At (1 - A )

Héé ~ 1 —+7r

~—~— rate of decay ———— —_—
static MPC

share of Ricardian
B.9 Aggregate Intertemporal Keynesian Cross

Differentiating the goods market clearing condition, we have that:

dY = (1 —w)zyMpdN + (1 — w)z, M} dr + wzMjdr + zwM]'dN

In the non-homothetic case, we have that:
dY = (1 —w)zyMpdN + (1 — w)z, M} dr + zwIdN

And the IKC is:
(I—(1—w)zpMj — zwI)dY = (1 — w)z, M} dr
= dY = [K(I— (1 — w)z,M} — 2wI)] 'K(1 — w)2, M dr
= dY =[(1 —w)z,K{I - M})] 'K (1 — w)z,Mdr

Direct effect

GE amplification
Notice that, with non-homothetic preferences, an increase in permanent income inequality

increases the direct effect and decreases the indirect effect. However, at the aggregate level,

those two effects cancel out.
— dY = [K(I- MZ)]_lKMZdr

In the homothetic case, sequence-space Jacobians do not depend on permanent types and we

can drop the subscript for types:
dY = M"dN + M"dr

dY = [K(I - M")] 'KM"dr
With homothetic preferences, an increase in permanent income inequality has no effect on

the weight of the direct and indirect effect and so no effect at the aggregate level.
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B.10 Aggregate effect of monetary policy shock (proof 4)

To compute the aggregate effect of a monetary policy shock on output, we need to start from

the vectorized asset market clearing condition:
A({ry, N;}) = 0.
Totally differentiating the equation, we get that:
A'dr + A"dN =0
In equilibrium, dN = dY and the aggregate effect of a monetary policy shock is given by

dY = —(A™)"'A"dr. (6)

Remember that those two aggregate sequence-space Jacobians can be written as the product

of two Toeplitz matrices (all diagonal elements are equal):

n Te€ WhZh rom n
A" = Héél+rT (a4)T"(a-),
1 00 - A=A 6N = (52 6
(1 _
With T"(ay) = :\2 i (1) and T"(a_) = g ;)\ (5 )\/\) (BA)

And:
r ﬂ-éé — r r
A :Héép<€)mCUh2hT (CL+)T (a/_),
With:
1 00 --- 0 1 BA
| A0 ey | 00
a — an a_) =
! A2 AL 00 0

Using that Toeplitz structure to solve the aggregate effect of a monetary policy shock in

equation [0

4y — —ﬁkip(e)T”(a)1T”(a+)1TT(a+)TT(a)dr.
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Noticing that T"(a;) = T" (a4 ), we get that,
dY = —fA— p( e)T"(a_) ' T"(a_)dr.

Notice that any Toeplitz matrix can be summarised by its symbol. For T"(a_), its symbol
is given by:
1 Bzt

— 1 —1\k N\ _ (=
Z)ZA—;(B—A)(B/\Z )" = gn(2) = (5 )

The symbol associated to T"(a_) is given by:

0 B 5}\ —1
g9r(2) = kz:l(ﬁ)\z HE = 1_5)\2_1

Computing the product of the symbols of the two Toeplitz matrices gives us the symbol

associated to the product of those two matrices:

w5 () = (A= G0 s) s = s e

1—5)\2*1_1—2*1:

B

Using that symbol, we compute the first element of the dY vector

¥ = B ple)

o

dry with p(e ZH% (_) .

C Direct and Indirect Effects

C.1 Direct effect

The direct effect of a monetary policy shock is given by:

(BA)! 1 1 oA

Te€
pdro = —(1—p)p(e )thhlJrr;l_pw

- P(e)whzh* Z

Direct effect = —M'"dr = —
irect effec r I o2ty

d?“o.

Computing the derivative of the direct effect with respect to the level of inequality,

dr

d|Direct effect| Direct effect _ 1 dA 14 pB(1—A) .
- 1 2 pBdry |2 _
dzp, 2n - ,u)p(e)whzhapﬁ "o dzp, (1 — pAp)? (1+17)2
| —

composition effect>0 behavior effect <0

Controlling for the composition effect, the direct effect is negative.
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C.2 EIS high permanent/idiosyncratic type

To compute the EIS, we need to compute the expected ratio of the consumption of the high
p/i (permanent/idiosyncratic) type in ¢ = 1 over the consumption of the high p/i type in
t = 0 conditional on the household being a high p/i type in ¢ = 0 when there is an expected

shock on the real interest rate in ¢t = 1.

Starting with the change in the policy function of the high p/i type in ¢t = 0 given that there

is a real interest rate shock in ¢ = 1:

deno(0,8) = — (BAns) <zhm> dry

And, given that the shock has just been announced, the consumption at ¢t = 0 is just given

by the change in the policy function in ¢t = 0:

cho = €zp — (BAne) (Zhg(élpf)r)> dry

Computing the savings of the high p/i (permanent /idiosyncratic) type:
ap1 + Cho = (14 r)a;’ + zpeNy

Which simplifies to:

ap1 = —Cpo + 2p€ = —dch,O(O, é)

There is no change in policy function at ¢ = 1 since the shock is contemporaneous, and we
thus have

dchjl(O, é) =0

However, conditional on staying unconstrained, the actual consumption level of the household
will change since it has accumulated some wealth at the previous period. The increase in

consumption dep, ; will be

depy = me(1+ 1+ dry)dap1(0,€) = —ma(1 + 7 + dri)deno(0, €).
Taking into account the expectation with respect to idiosyncratic shock, we obtain
]E[Cthe = é] = E[e'zh — me/(l +r+ drl>dch,0(0, é)]
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Noting that m. = 1 if €’ # e, we can rewrite this as

Elcnile = &) = 2rE[e'[d] — (1 + 7 + dry) <Hm (- Hee)>dch7o(0, &)

We can then compute the ratio of the two consumption levels as

Elcna] Ele'|e]z, + (1 +r + drq) <H€em6 +(1— H)) (BAne) (Zh Uez(fl)) dry

Ch0 ezn — (BAne) ( 1+T ) drq

Getting rid of the second-order term, we obtain:

Elcp1] _ Ele|e]zp, + <Heeme +(1— Hee)> (BAng) (zh > ) dry
Ch0 ezn — (BAne) (20555 ) dry

Taking the derivative with respect to dry, we obtain

d% <Heeme +(1 - Hee)) (BAne) (ZhépT(é)) cno + Elen] (BAne) (Zh Ui’jfl))

dr (e2n — (BAne) (222 ) dry)?

Which simplifies to

dry e (21 — (Bne) (2n im)dﬂ

Now, taking the limit as dr; — 0, we get

=Ll &0(?) (Heeme +(1- Hee))ch,o + Elepa]/(1+7)
o — (BAng) | 2 P

dry a(l+r)

Which simplifies to

(€zp)?

E[Ch,l] — (Heeme + (1 - Hee))ch,o + E[Ch,l]/(l + 74)
Ch,0 )\ IO e)
dr (5 h,é) o éz
1 h

Computing the EIS:

1 +r d%}‘;] é/)(é) (Héémé + (1 — Héé))Ch’O + E[Ch,l]/(l + 7“)
B = spr g, -~ L H7)8Me ( - ) eonE[e]] |
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A

Plugging the values for consumptions and given that m; =1 — (i)

e [ P P e 2

Notice that, in the absence of taste for wealth and idiosyncratic shocks, the EIS collapses to

1/o.

The sign of the derivative is given by:

Z;{“ﬁ_1i”>a+MdMAl+ﬂ]_1ir%:ié;Mﬁ_1ir%”jm?i;A

<0 >0

< 0.

The elasticity of intertemporal substitution is a decreasing function of permanent labor in-

come.

C.3 Indirect effect

The indirect effect of a labor demand shock is given by :
Indirect effect = M"dN.

Taking the first element of the vector:

wpzn M1 = p)
14+7r1—038Mp

Indirect effecty = dNy — (1 — p) dNy.

Taking the derivative of the indirect effect with respect to zj:

dIndirect effectq
th

wp  dNp
=—(1- 1—
( M1+r1_ﬁM)( p)

composition effect<0

A (1 — BAp) + BpdA N 1 1
—u—m%%u—mw)mx BAs) ?m__w
1+r (1—BAp) dzpn 1+r1—pNp
dIndirect effectg wn  dNy
=—(1-p) - (1—0p)
dzp, 14+r1—738M
composition effect <0
wpzp 1—p d\ 1 dr X
—(1— dNy | — ——— — —
( #)1+r1—ﬁ)\p O<dzh1—ﬁ)\p dzp 1+

behavior effect >0
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D Matrices Summary

D.1 Sequence-space Jacobians in zero-liquidity HANK
D.1.1 With homothetic preferences and no idiosyncratic risk

The Euler equation holds with equality for all households. The aggregate sequence-space

Jacobians are

1 —(1-58) -(1-88 -1-8)p - 01 B
ar—g| ! po —A=8) —Q=pB | B 1[0 1 145
1 s 32 —(1-p% . L+ro|o 1 145

With element ¢, s of A" being a(fftj)lw and element ¢, s of A" being ﬁg%l.

r r r O -1 1

1+r  (147r)2  (1+4r)3 T 14
T r T 1
I O e e e N TS o LU A ==
r (1+r)20 g , r2

1+r 1+r

With element ¢, s of M™ being ﬁ and element ¢, s of M" being g—jz.

D.1.2 With non-homothetic preferences and no idiosyncratic risk

The Euler equation holds with equality for all high-permanent type households. The aggre-

gate sequence-space Jacobians are

e L - (5-2) 6
oo |2 ANV A=) 0= (-2 o)
Lr 23 =22 (L= X) (BA) + A2 =22 (5= 2) (BA2 = A (3= 2) (B + A

- CRECY (5-2) Bv°
cwnmn | AEPDA=AE = () (B A) (BN = (BN - (14 1)BA+1) (5 - A) (BN

L+r [ (14 7)A2 =3
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0 1 BA
BA 110 A 148X
Ar:Zhwhif
Ltro o A2 ABA+ A
0 ~1 —BA
B 1|0 1+7r—2A (L+7)BA—1—BA
L+7o [0 (141N =N (1+7)(1+ 8N — A28) — A

M" = ZhWhpT—
D.1.3 With homothetic preferences and idiosyncratic risk

The Euler equation holds with equality for all high idiosyncratic type households. The

aggregate sequence-space Jacobians are

Ve (1) o
ool B G- (5 o
14 1_ 2 )2 (1_ 2 _ 2 (1
+ —2 (4 - ) BA) + A2 =X (L= X) (B2 = A (5 =) (BN) + A
) (5-2) 6By (5-2) (83?2
Co T [ A= A=) (5N BN = (B =B+ 1) (5 -A) (BN - 1

M" =

1+7 | (1+r)A2 =23

0 1 BA

AT = (1 BA 0 X 148N
= _M)U(HT) 0 A2 A28A+ A

0 —1 —BA
M= (1 ) BA |0 14r—2A (1+7)8A—1— A
U5 o (T4+7)A=X2 (1+7)(1+BX2) — A28\ — A
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D.1.4 With non-homothetic preferences and idiosyncratic risk

The Euler equation holds with equality for the high-idiosyncratic type households that have

the highest permanent-income type. The aggregate sequence-space Jacobians are

O A G2 — (5 =A) (BN
A”:whzhl_“ A2 —/\<——/\) BAY+A A =N BV = (5-2) (BN
L+r 2 (4 - ) (BA) X =22 (5= X) (BN = A (5= 2) (BN + A
- (5-2) 6y (5-2) B2
M gy L8 | AFPA= A= +m) (5=2) (BN = A (B2 = (1 +naA+1) (5-A) (BY) -+ ol
1+r [(@+r)A2-X
0 1  BA
. O Bx [0 X 148N
A" = (1—,U)wh2hp(e)o_(1+,r) 0 /\2 )\25/\+)\
-1 —BA

0
B\ 0 14+r—2A (L+7)BA =1 = BA
M" = (1-

( “)whzhp(e>g(1—|—r) 0 (T4+m)A=X (1+7)(1+8A2) = NBX -\

D.2 Some useful matrices

010 00 0
001 - 100
F = and L =
000 --- 010
0 1/(1+7r) 0 00 1/(1+7)?
K i F 0 0 1/(1+7r) - 00 0
= (1+r) 0 0 0 0 0 0
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0 1/(1+7r) 1/1+7r)? 1/1+7r)?
0 0 1/(1+7r) 1/(1+7r)?

K=—-1]0 0 0 1/(1+7)
0 0 0 0

E Additional Material for One-asset Model

E.1 Decomposition of a monetary policy shock

(a) Zero liquidity (b) Low liquidity 03 (c) High liquidity
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Figure 5: Decomposition of the effect of a monetary shock on output

Note: This figure plots the aggregate effect and the transmission channels of a monetary policy shock for different levels of
government bonds (from zero on the left, to a low level in the middle, and to high a level on the right). On top, the aggregate
effect and the transmission channels are computed with non-homothetic preferences for wealth while at the bottom they are

computed without non-homothetic preferences for wealth.
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E.2 Rise in permanent labor income inequality with homothetic

preferences

We set v = 0 and study the effect of permanent labor income inequality on the transmission
of a monetary policy shock. We find that an increase in permanent labor income has almost
no effect on the output response to a monetary policy shock, even in the presence of a

positive supply of liquidity. Indeed, as shown by |Straub (2019)) in Lemma 1, steady-state

policy functions in a model with homothetic preferences are linear in permanent income.

MPC EIS
07! 1.0
) —— MPC low 7
06! MPC high 0o 106
B Distribution low  [08 i/
0.51 [0 Distribution high 08 05
065 07 04§
© 044 =N — EISlow =
S g B EIShigh | &
031 z 06 8 L0337
) 045 A
02{ f 05 02
\ 0.2 04 s
0.3 L
0.0 3 " z 0.0 0 3 " : 0.0
Wealth Wealth

Figure 6: MPC and EIS along the wealth distribution

Note: This figure plots the marginal propensity to consume out of a one-time income shock (on the left) and the elasticity of
intertemporal substitution (on the right) normalized by the level of permanent income for different levels of wealth (x-axis) and
for different levels of permanent income (in orange, the permanent labor income of the top 10% in 1989, in dotted orange the
permanent labor income of the top 10% in 2019; in blue, the permanent labor income of the bottom 90% in 1989, in dotted blue
the permanent labor income of the bottom 90% in 2019. We also plot the wealth distributions of the two permanent income
types normalized (in blue, the low-income type, and in orange, the high-income type) before and after the rise in permanent
labor income inequality (in dark color before and transparent after the rise). B is fixed at the low-liquidity value (0.23). Notice

that the two normalized distributions are perfectly equal to each other.

Figure [6] gives us a visual representation of this neutrality result. In the presence of ho-
mothetic preferences, the MPC and the EIS are still functions of permanent income. But
they are now linear functions of permanent income. The EIS and the MPC normalized by
permanent income are hence equal across permanent income types. Redistributing perma-
nent income across households leaves the aggregate MPC and the aggregate EIS constant.

Similarly, wealth distributions normalized by the level of permanent income are equal across
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types.

This neutrality result on both the aggregate effect and the transmission channels of the

permanent labor income distribution is confirmed in Figure [7]

(a) Zero liquidity 03, (b) Low liquidity (c) High liquidity
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Figure 7: Decomposition of the effect of a monetary shock on output
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E.3 Rise in the variance of idiosyncratic shocks

(a) Zero liquidity (b) Low liquidity 04 (c) High liquidity
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Figure 8: Decomposition of the effect of a monetary shock on output

F Additional Material for Two-asset Model

F.1 Intermediate firm’s problem in two-asset HANK

Intermediate firms choose prices, labor, and capital next period so as to maximize their

Ji (k) =

W,
max {RF (kt, nt) — —tnt - it -

K1
Pekerine | Py P, ¥ < ) ke =& (Pta Pt—l) Y, +

Tt Jt-‘rl (kt-i-l)} )

L+ 7

with investment 7, = k; 1 — (1 — 0)ky,

subject to the final-goods firm’s demand: F' (k;,n) = (

Given the Rotemberg adjustment costs: & (P;, Pi_1) =
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Year bottomb0 next4d0 toplO topl00

1989 20% 51%  28% 8%
2019 18% 48%  34% 11%

Table 8: Distribution of permanent income used to calibrate the model

Year Bottom 50% Next 40% Next 9% Top 1%

1989 3% 28% 37% 33%
2019 2% 20% 38% 40%

Table 9: Distribution of illiquid wealth in the Survey of Consumer Finance used to calibrate

the model

k
And the quadratic capital adjustment costs: ¢ (;{:ﬂ) k, with o(2) = ——(z — 1)
t

With e, the sensitivity of gross investment to the Tobin’s Q.

F.2 Distribution of permanent income and illiquid wealth

Tables [§ and [0] describe respectively the distribution of labor income from [Piketty et al.
(2018)) and the distribution of illiquid wealth in the Survey of Consumer finance that we use
to calibrate our parameters (S50, Sna0; Sn9, Stop1) and (@p50, Anaos Ang, Atop1 ). To move from the
labor shares to the parameters s, we divide them by the weight of each household type. For
the illiquid wealth, we divide them by the share of illiquid wealth and multiply them by the

total amount of illiquid wealth in the economy.
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F.3 Two-asset with constant portfolio

(a.) Output response (b.) Consumption response (high - low)
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Figure 9: Output reponse and Decomposition

Note: The left figure plots the output response following a monetary shock. The right figure plots the difference in the

decomposition between the high-inequality economy minus the low-inequality economy.
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(a.) IMPC (b.) Consumption response
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Figure 10: iMPC and decomposition

Note: The left figure plots the iMPC. The right figure plots the decomposition of a monetary policy shock in the high-inequality

economy.

F.4 Computational details

We solve the HANK model of Section 2 and the quantitative model of Section 3 using the

Sequence-Space Jacobian method of |Auclert et al.| (2021)), and their package available online.

To solve for the steady-state, we fix the interest rate at r = 5% and find a  to clear the
asset with a bisection method, using the endogenous-grid method to solve the problem of the

household.

In the one-asset HANK model, we solve the problem of the household on a grid of 500
assets points and discretize the AR(1) process for idiosyncratic shock using the Rouwenhorst

method with 11 points.

In the two-assets HANK model, we solve the problem of the household on a grid of 50
points for the illiquid assets and 50 points for the illiquid assets. The productivity process is

discretized on a grid of 5 points.
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