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Abstract

Who are the winners and losers from monetary policy? This is a key question
in macroeconomics. Yet, state-of-the-art models miss two crucial aspects of the
data that shape the answer: Large wealth inequality and strong pass-through of
aggregate returns to the rich. I add heterogeneous returns to a Heterogeneous
Agent New Keynesian (HANK) model to match both. The rich gain dispropor-
tionately from easy monetary policy in this model, with the top 0.1% gaining
11% of the income from monetary policy—an order of magnitude more than
in standard models. The difference arises because the rich are wealthier due
to earning higher returns, and because capital income created by lower inter-
est rates benefits them more due to the heterogeneous pass-through of returns.
Instead, fiscal policy is more equal. Thus, poor and rich households disagree
about policy: Poor households prefer fiscal expansion to stabilize the economy in
recessions and monetary tightening in booms, while the rich prefer the opposite.

Policymakers concerned about inequality should consider this.
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1 Introduction

Who are the winners and losers from monetary policy? This question has received
increasing interest in the last decade, both because it can shape the aggregate effects of
monetary policy and also because it is important if policymakers care about inequal-
ity. This highlights the need for models that take the interaction of inequality and
monetary policy seriously. Heterogeneous Agent New Keynesian (HANK) models do

this by adding heterogeneity to the New Keynesian model with nominal rigidities.'

However, these models miss two aspects of heterogeneity that shape monetary
policy’s distributional effects. First, they severely understate top wealth inequality. In
benchmark HANK models, no one has more than $10 million in wealth despite these
households owning almost 1/3 of US wealth. Second, they assume that everyone
earns the same return on their wealth. I show that this is at odds with the data by
building a panel dataset of returns for US households in the Panel Study of Income
Dynamics. Here, (i) returns are dispersed, (ii) the rich earn higher returns, and (iii) the
returns of the rich co-move more with the aggregate. I show that both shortcomings

matter because they shape sufficient statistics for monetary policy’s effects on income.

For this reason, I build a HANK model with heterogeneous returns and calibrate it
to the data on households’ returns. I have three main takeaways. First, heterogeneous
returns significantly improve the micro fit of the model. In particular, the model
matches top wealth inequality, as some households get persistently high returns on

their wealth. Additionally, the returns of the rich co-move more with the aggregate.

This shapes the second result: Monetary policy mostly benefits the rich. To see
why, consider a central bank that cuts the interest rate. This increases capital income
and thus returns as the interest rate is used to discount profits. With heterogeneous
returns, this mainly benefits the rich as (i) they hold more assets and (ii) the pass-
through of returns to them is stronger. In particular, the top 0.1% gain 11% of income

due to monetary policy—an order of magnitude more than in standard models.

Third, households disagree about policies. In particular, consider a policymaker
who wants to stimulate the economy in a recession. The rich like monetary policy,
while the poor favor fiscal expansion as it mostly boosts labor income, which is more
equal. However, this reverses in booms. Thus, both favor an asymmetric approach

over the business cycle, using one policy in recessions and the other in booms.

1. Kaplan et al. (2018), Auclert et al. (2024b), Bayer et al. (2024), and many more.
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The key to the results is heterogeneous returns. Heterogeneous returns have
received significant interest in the household finance literature, but this paper is the
first to add them to a HANK model.” T add heterogeneous returns to the model by
letting households’ returns follow a Markov chain that averages to the aggregate
return in the economy. I then let the pass-through of aggregate to households’ returns
be heterogeneous and depend on wealth. This is often done for labor earnings instead
of returns on wealth in the HANK literature, so my approach is a generalization.

I calibrate the returns to a panel dataset of returns across US households from 2000
to 2018 in the PSID. I use the data to establish a new empirical fact: The co-movement
over time between the average return and households’ return is increasing in the
households” wealth. This means that in periods when returns are high, returns for
rich households are even higher, while returns for poor households tend to stay the
same. Numerically, the returns of the rich rise almost twice as much as average
returns, while the returns of the poorest do not rise at all.

In addition to this new fact, the data also reveals strong heterogeneity in returns
across the wealth distribution. In particular, rich households earn higher returns
than poor households: The bottom 20% by wealth earn returns of —1% per year on
average, while the top 20% earn around 2.5%. In addition to the PSID, I corroborate
my results using two alternative datasets: The Survey of Consumer Finances and the

Distributional National Accounts.

Using my HANK model calibrated to match the heterogeneous returns in the data,
I show three main results. The first result is that adding heterogeneous returns to
a standard HANK model improves the fit of the model to the microeconomic data.
This is important not just for empirical realism, but because it matters for the winners
and losers of monetary policy. In particular, I show that four variables shape the
distribution of income in response to monetary policy. These are sufficient statistics
in the sense that any model that matches these will yield the same distribution of
income in response to monetary policy. The components of the sufficient statistics
are: (i) The wealth distribution, (ii) the income distribution, (iii) the pass-through
of aggregate returns to households’ returns, and (iv) the pass-through of aggregate
earnings to households’ earnings. This motivates that the model should not just
match the cross-sectional dispersion in returns, but also the heterogeneous pass-
through of returns over the business cycle. The model with heterogeneous returns fits

2. See for instance Fagereng et al. (2020) and Bach et al. (2020).
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all four components. Crucially, standard HANK models struggle with fitting these
components. In particular, they feature much too little wealth inequality at the top

and a common pass-through of aggregate returns to households’ returns.

The key mechanism that makes the model with heterogeneous returns fit the
microeconomic data is that returns are increasing in wealth. This occurs endogenously
in the model with persistent heterogeneous returns: Households who earn high
returns are wealthier both directly because they get more capital income, but also
because they choose to save more as they know the return will tend to be high next
period. This is a multiplying effect that makes some households very rich, so the
model replicates the concentration of wealth at the top. This is a well-known fact that
remains elusive to standard HANK models, which understate the wealth of the richest
households by several orders of magnitude. The model with heterogeneous returns
replicates the wealth concentration despite featuring no permanent heterogeneity, no

preference heterogeneity, and only a single asset.

The model with heterogeneous returns also matches a key moment in business
cycle analysis: A high marginal propensity to consume (MPC). The MPC has been
emphasized in the literature as a key moment when studying business cycles due to
its role in shaping the Keynesian multiplier. Despite this, standard HANK models
with common returns struggle with matching a realistically high MPC without other
additions to the model. In particular, these models face an MPC-wealth trade-off
(Kaplan and Violante 2022): Replicate a high MPC but have a wealth level an order
of magnitude lower than in the data, or replicate the wealth in the data but have an
MPC well outside the range of empirical estimates. A model with heterogeneous
returns simultaneously matches both: Some households earn high returns and are
very rich, increasing the average wealth. Other households earn low returns and are

close to the borrowing constraint, increasing the average MPC.

Having shown the micro fit of the model, I turn to the second result: The benefits
of monetary policy mostly accrue to the rich. To show this, I ask: For each $100
generated by monetary policy, how much goes to the top x%? I find that the richest 0.1%
gain 11% of the total increase in income on impact when monetary policy is eased. In
the standard HANK model, the top 0.1% gain less than 2% from monetary policy. On
the other hand, fiscal policy is similar to standard models and much more equal.

The rich gain so much when returns are heterogeneous because of the interaction
between the concentration of wealth and capital income among the rich and the
increase in capital income induced by expansionary monetary policy. Expansionary

monetary policy increases capital income for two reasons: Directly through lower
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discount rates on firm profits and indirectly through higher profits, which are pro-
cyclical. In other words, a lower interest rate implies higher returns on wealth on
impact. The increase in capital income almost entirely goes to the top of the wealth
distribution. In the standard HANK model, both top wealth and capital income at
the top are significantly understated. Thus, the capital income gains at the top are

missing or severely understated.

While the effects on income are intuitive, what households ultimately care about
is welfare. For this reason, I compute the equivalent variations of monetary policy for
different households. This answers the question: How many dollars should a household
be given to be indifferent between facing the monetary policy shock and not facing it? This
welfare measure takes into account the full dynamic path of the shock. The results
from this exercise are very similar compared to when looking at income. In particular,

rich households prefer monetary policy while poor households prefer fiscal policy.

Having studied the unequal effects of policies, I turn to the third result: Poor
households prefer stabilizing recessions with fiscal policy and booms with monetary
policy, and vice versa for the rich. To elaborate on this, consider a policymaker who
wants to stabilize business cycles. If the gains of monetary policy are very uneven,
while fiscal policy is more evenly distributed, one might be tempted to conclude that
poor households prefer using fiscal policy to stabilize business cycles. However, the
argument is symmetric over the business cycle: Poor households dislike tightening
fiscal policy in booms just as much as they like easing fiscal policy in recessions.
Likewise, for rich households with monetary policy.

For this reason, I study asymmetric policies over the business cycle. In particular,
I estimate three shock series such that the model generates business cycles like those
in the US. I then simulate the economy facing these shocks under two policy regimes:
One using fiscal policy to stabilize the economy in recessions and monetary policy
in booms, and one doing the opposite. I find the poor prefer the first policy, while
the rich favor the second. This shows that both groups prefer asymmetric policy over
the business cycle, but they prefer different ones. This makes clear the advantages
of asymmetric policy, but leaves open the optimal policy as a normative question
weighing the preferences of different groups of households.

Ultimately, this highlights the importance of taking seriously the fit to microeco-
nomic data in macroeconomics. A policymaker who cares not only about aggregate
stabilization but also who gains from different policies should consider this.



1.1 Related Literature

My paper contributes to three strands of the literature. First, my paper contributes
to the literature on HANK models. A seminal paper in this literature is Kaplan
et al. (2018), who introduce the concept of a HANK model and study the transmission
of monetary policy. This is expanded further upon in Kaplan and Violante (2018) and
Alves et al. (2020). Several other papers study the transmission of monetary policy
in other HANK models, including Broer et al. (2020) and Auclert et al. (2020). Fiscal
policy has also received a lot of interest in the HANK literature, with contributions
counting Hagedorn et al. (2019), Auclert et al. (2023), and Auclert et al. (2024a).

Other papers study aspects such as the transmission of foreign shocks (de Ferra
et al. 2020), emphasize the importance of labor markets (Ravn and Sterk 2021), or
estimate a HANK model (Bayer et al. 2024). Common to all these papers is that they
assume common returns.” On the other hand, my key contribution here is to add
heterogeneous returns to the model, which allows me to take the distributional effects
of shocks more seriously due to replicating the microeconomic data. Lastly, an early
key paper in the HANK literature is Gornemann et al. (2016). This paper is close to
mine in studying the distributional effects of monetary policy. The key differences
of my paper compared to theirs are adding heterogeneous returns and comparing
monetary to fiscal policy instead of comparing monetary policy hawkishness.

Second, my paper contributes to the literature on the distributional effects of
shocks and, in particular, monetary policy. Key contributions are Coibion et al. (2017),
Holm et al. (2021), Andersen et al. (2023), and McKay and Wolf (2023a). My contribu-
tion to the theoretical literature is to replicate the empirical distributions, which is key
to understanding the distributional effects of shocks. My contribution compared to the
empirical literature is to study welfare and policy. Additionally, my contribution is to
emphasize the importance of the very top of the wealth distribution, say the top 0.1%.

Third, my paper contributes to the literature on heterogeneous returns. Heteroge-
neous returns are often used in household finance. The literature on heterogeneous
returns can be split into two: Theory and evidence. Key theoretical contributions
include Benhabib et al. (2011), Benhabib et al. (2015), Gabaix et al. (2016), Benhabib
et al. (2017), Jones and Kim (2018), and Guvenen et al. (2023). These papers show
how heterogeneous returns help explain wealth concentration and dynamics. There

have also been a number of empirical contributions building datasets of heteroge-

3. At least within an asset class.



neous returns. This literature includes papers based on register data such as Bach
et al. (2020) for Sweden, Fagereng et al. (2020) for Norway, and Smith et al. (2022) for
the US. Other papers use survey data, such as Xavier (2021), who uses the Survey of
Consumer Finances, and Snudden (2021) and Daminato and Pistaferri (2024), who
use the PSID. My contribution is to embed heterogeneous returns in a HANK model
and to study the implications for business cycle dynamics and welfare.

2 Empirics

In this section, I present two key aspects of the microeconomic data that standard
Heterogeneous Agent New Keynesian (HANK) models miss: The concentration of
wealth at the top and the heterogeneity in returns. The goal of doing so is to build a
HANK model that replicates these aspects and then study the distributional aspects

of monetary policy in this model.

2.1 Concentration of Wealth

I start by discussing the concentration of wealth at the top of the wealth distribution.
It is well known that wealth is highly concentrated among the wealthiest households.
For instance, the top 0.1% of households hold 14% of all wealth in the US. HANK
models in the literature usually do not match this, as I show in Appendix A.1.

Furthermore, data shows that the wealth distribution is “fat-tailed”. In particular,
it has been shown that the right tail of the wealth distribution is well approximated
by a Pareto distribution, which has a fat right tail. Mathematically, I note that if a
variable X is Pareto distributed, it holds that

logP(X > x) ~ —alogx as x — oo, (1)

where « is the Pareto tail index and log P(X > x) is the log counter-CDF (CCDF).
The tail index then controls how “fat” the tail is, i.e., how concentrated wealth is

at the top. In particular, a lower tail index, a, corresponds to more concentrated

4. Another paper that studies the interaction of monetary policy and heterogeneous returns is
Menzio and Spinella (2025), which is contemporaneous with my paper. Compared to the literature and
my paper, their paper is about what microeconomic foundations generate the dispersion in returns. In
contrast with my paper, they do not fit the top of the wealth distribution and do not emphasize MPCs.
Additionally, their model does not feature nominal rigidities and is therefore not a HANK model.
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wealth. An estimate of the Pareto tail index in the US is 1.52. This implies a significant
concentration of wealth at the top. For instance, this means that the variance of wealth

is undefined. HANK models in the literature usually are not fat-tailed and therefore
do not have a tail index, cf. Appendix A.1.

To get at this visually, Figure 1 shows the Pareto tail in the US data. The figure also
shows the right tail in two HANK models from influential papers in the literature
(Kaplan et al. 2018 and Auclert et al. 2024b).” 1 first note that the HANK model of
Auclert et al. (2024b) provides a poor fit to the right tail of the wealth distribution
Consider next the two-asset model of Kaplan et al. (2018), which provides the best fit
to top wealth shares of the models considered in Appendix A.1. Despite providing a
better fit to the top than the other models in the literature, this model also does not
match the right tail. In particular, the richest households in these models have little

more than 10 million USD in wealth, while the richest households in the data have
several orders of magnitude more.
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Figure 1: Wealth Concentration at the Top

Note: The figure shows the distribution of wealth in the model from Kaplan et al. (2018) and the “HA-hi-liq” model from
Auclert et al. (2024b). It does so by plotting the counter-CDF against the level of wealth in USD. Both axes are log-scale. The
figure also shows the counter-CDF for the US based on data from Guvenen et al. (2023) and Vermeulen (2018).

5. These papers were chosen based on being highly influential in the HANK literature, being
calibrated to a high level of wealth, and having replication packages publicly available.
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2.2 Return Heterogeneity

Having studied the concentration of wealth at the top, I now turn to the degree of
return heterogeneity. To study heterogeneous returns, I take two different approaches
using different datasets. First, I study return heterogeneity in two datasets: The
Survey of Consumer Finances (SCF) and the Distributional National Accounts due to
Piketty et al. (2018) (PSZ). In both datasets, I compare the joint distributions of capital
income and wealth. Second, I directly construct a dataset of heterogeneous returns
across US households using the Panel Study of Income Dynamics (PSID). The two
approaches complement each other. The advantage of the first approach is that it is
straightforward, using readily available data, and is less prone to measurement error.
The advantage of the second approach is that it gets directly at the heterogeneous
returns, which allows me to study additional aspects.

2.21 Capital Income in the SCF and PSZ

I start by studying heterogeneous returns in the cross-section. I do this using two
datasets: The SCF and the Distributional National Accounts due to PSZ. The details
of the data are provided in Appendices A.2 and A.3. This approach requires neither
measuring returns directly nor a panel. The approach starts by computing shares of
wealth and capital income. To do so, note that capital income is defined by

_ a
Xit = Tip@it—1-

If returns are common across households, r{, = r{, capital income can be written as
x;t = r{a;_1. Consider now looking at the bottom p% of households in the wealth
distribution. Denote these households by i € . How large a share of total wealth
and capital income is held by these households? In the case of common returns, the
bottom shares of wealth and capital income are given by (neglecting time subscripts):

S(a) = Yicp@i " Yiepai  YiepXi = 5(x).

Y4 rty a; Y x;

Intuitively, if returns are common, the share of wealth and capital income held by
the bottom p% is the same. If returns are heterogeneous, they can be different. This
allows me to test if returns are heterogeneous. Figure 2 plots this. In particular, the
tigure shows the share of wealth held by the bottom p% in the wealth distribution and
their share of capital income. The figure clearly shows the shares of capital income



as a function of the shares of wealth lying below the 45-degree line, i.e., S(x) < S(a).
This implies that returns are heterogeneous. Not only this, it implies that wealthier
households earn higher rates of return on average.

1.0
—— Common returns

SCF

—-== PSZ 7
0.8

0.6

0.4

Cumulative capital income share

0.2

0.0 0.2 0.4 0.6 0.8 1.0
Cumulative wealth share
Figure 2: Shares of Wealth and Capital Income
Note: The figure shows the shares of wealth and capital income held by households in the 2019 SCF and the 2019 Distributional

National Accounts due to PSZ. Households are sorted by their level of wealth. The x-axis shows the share of wealth held by the
bottom p% of households, while the y-axis shows the share of capital income held by the same group.

Figure 2 also makes an additional point: Assuming common returns across house-
holds will understate the income of the rich, as they earn higher returns. Thus,
assuming common returns is also likely to understate wealth inequality. Gaillard
et al. (2023) make a very similar point theoretically, arguing that scale-dependent
returns are necessary to match the tops of the distributions of wealth and income. Gu-
venen et al. (2023) find a similar result. Thus, I conclude that matching the degree of
return heterogeneity—and, in particular, that rich households earn higher returns—is

crucial for matching the degree of wealth inequality, particularly at the top.

2.2.2 Heterogeneous Returns in the PSID

Having looked at the cross-sectional data, I now take a different approach: Con-
structing data on heterogeneous returns directly using panel data. In particular, I
use the PSID conducted from 1999 to 2019.° The panel is biennial, and the unit of

6. The resulting data is for every other year from 2000 to 2018, see Appendix A.4.1.
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measurement is households. I detail the data construction in Appendix A.4.”

The main outcome is the return on wealth for household i at time t, which is

Xit

Tir = P (2)
where a;;_1 is wealth and x;; is the income generated from this wealth, both realized
and unrealized. Crucially, the return is measured net of investment. This is often
not possible in other studies because net investment is unknown. For instance, the
seminal contribution of Fagereng et al. (2020) uses Norwegian register data, which
does not include net investment. While register data has clear advantages, such as
high quality, without data on net investment, the measure of return is potentially
biased. Consider, for instance, a household that buys a large amount of stocks in
between measurements of wealth. The increase in wealth is then falsely counted as
capital gains, biasing upward the measure of returns incorrectly. Fagereng et al. (2020)
employ approximation methods to minimize the bias from this source. In the PSID,
households are asked directly about net investments for many asset categories, so I
avoid this potential source of bias.

Capital income, x;;, can be split into eight sources: Trust fund and royalties,
interest, dividends, primary housing, other housing, businesses, stocks, and other. I
discuss how I measure these in Appendix A.4.3. Total wealth, a;;, can be split into eight
asset categories: Primary housing, other housing, business, stocks, private annuities
or IRAs, checking/savings accounts, vehicles, and other assets, cf. Appendix A.4.4. 1
annualize the returns from the biennial panel. Thus, the resulting measure of returns
is real pre-tax annual returns. For wealth, I normalize by the average level of wealth in

the year. I report descriptive statistics of the data in Appendix A.4.5.

Having constructed a dataset of heterogeneous returns, I start by plotting a his-
togram of these in Figure 3. As the figure shows, there is significant dispersion in
returns. In particular, the standard deviation of returns is 13.3%. This is perfectly
consistent with the literature, which finds standard deviations in the range of 7-31
pp- across settings, approaches, and datasets (Bach et al. 2020, Fagereng et al. 2020,
Smith et al. 2022, and Snudden 2021). One might ask if the heterogeneity in returns is
explained by the types of assets held by households. I show that this is not the case in

7. I am thankful to Stephen Snudden for making his replication files for Snudden (2021) publicly
available. My return measurements take a starting point in his work but are different for numerous
reasons, so any errors are purely mine.
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Appendix A.4.6: Almost all heterogeneity in returns is within asset categories.

0.30

0.25

0.20

0.15

Fraction

0.10

0.05

0'00—30 -20 —-10 0 10 20 30 40

Return (%)

Figure 3: Distribution of Returns

Note: The figure shows a histogram of the returns of US households in the dataset constructed from the PSID.

2.3 Heterogeneous Returns Pass-Through

One thing is the cross-sectional dispersion in returns. Another is how returns change
in response to aggregate shocks. To get at this, I estimate the following regression:

where 7{ is the average returns across households in year t and superscript (g)
indicates different deciles of wealth. This is very similar to the idea of measuring the
“B” of earnings, i.e., how much households’ earnings change as aggregate earnings or

GDP changes—see, for instance, Guvenen et al. (2017). However, to the best of my
knowledge, I am the first to do this for returns.

Figure 4 plots the estimated fB’s at different points in the wealth distribution.
The figure clearly shows that the pass-through of average to households’ returns is
stronger for richer households. In particular, the pass-through is nonexistent for the
poorest 40% of households, while it is almost 2 for the richest 30%.

How robust are the results in Figure 4? I consider robustness of this in Appendix
A.4.7. 1 find that the results are robust: The returns change more for wealthier
households than for poor households when the average return changes. Additionally,
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Figure 4: Pass-Through of Average to Households’” Returns by Wealth

Note: The figure shows estimates of 8 from eq. (3) by wealth, a;;_;. The standard errors are clustered by year. Confidence
intervals are at the 95% level.

I find that the results are robust to clustering the standard errors by household. Finally,
I find that results are robust to excluding housing and vehicles and only looking at
financial assets, cf. Appendix A.4.8.

In addition to Figure 4, I plot the time series of returns for the bottom 20% and
top 20% as well as the average return in Figure 5. The figure clearly shows that the
returns for the bottom 20% are mostly flat over the business cycle, while the returns
for the rich move more than 1-for-1 with the average return.

What could be driving the different exposure of household levels to the aggregate
returns found in Figures 4 and 5? Appendix A.4.9 shows that wealthier households

(i) hold riskier assets but (ii) still earn a higher return adjusted for risk.

I explore a different approach to measuring the co-movement of returns in Ap-
pendix A.5. Here, I use portfolio shares in the SCF and aggregate returns measured
by Jorda et al. (2019). With this different approach in a different dataset, I confirm that
the returns for rich households co-move more than 1-for-1 with the average return.

3 A Model of Heterogeneous Returns

Having established that returns are heterogeneous using two different approaches
with two different datasets, I now introduce heterogeneous returns in an otherwise

13
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Figure 5: Time Series of Average Returns

Note: The figure shows a time series of average returns based on the PSID data.

standard HANK model. The goal of doing so is both to match the degree of hetero-
geneity in returns, but also to fit the concentration of wealth at the top.

The model economy consists of households, firms, and a public sector. Households
consume and save in an asset that pays back heterogeneous returns. Labor supply
is set on behalf of households by a union subject to adjustment costs. Firms use
only labor to produce goods under monopolistic competition and flexible prices. The
government issues bonds, raises taxes, pays transfers, and consumes. The central bank
sets the real interest rate on bonds. The key innovations compared to the literature
are how to incorporate heterogeneous returns in the New Keynesian framework. This
amounts to changing both the asset demand and supply sides.

I write and solve the model with perfect foresight over aggregates. For small
shocks, this is equivalent to solving the model with aggregate risk. I discuss the
solution method in more detail in Appendix B.1.

3.1 Households

Time is discrete and the horizon is infinite: t = 0,1, ... There is a continuum of house-
holds indexed by i € [0, 1]. Each household chooses the sequence of consumption,
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(cit)7> o, and wealth, (a;)2 ), to maximize

Eo io B [u(ci) — v(my)],

where u and v are the instantaneous utility of consumption and the disutility of labor
supply, respectively. B € [0,1] is the common discount factor for all households.
I give the recursive formulation of the problem in Appendix B.2. Labor supply is
identical for all households and is not chosen directly by the households, n;; = N;.
Instead, it is chosen by the union as I describe later. Thus, the disutility of labor does

not affect household behavior. I consider a standard CRRA utility function,

where 0 > 0 is the inverse elasticity of intertemporal substitution and u(c) = logc

when ¢ = 1. Each household is subject to a budget constraint in every period,
cit +aip = (L4 riy)an—1 + zig + Ty — Ly, (4)

where 7}, are the heterogeneous returns, z;; is the real pre-tax labor earnings, T; is
lump-sum transfers, and ¢;; is the tax bill. With this budget constraint, let me already
discuss what determines the distributional effects of aggregate shocks to motivate
the rest of the model. In particular, I derive sufficient statistics for the distributional
effects of shocks, in the sense that any model that matches these will yield the same
distribution of income in response to the shock. The components of the sufficient

statistics are given in Proposition 1.

Proposition 1. Consider an agqregate shock affecting returns and labor income. Let dX; ~
Xt — X denote the perturbation around steady state of any variable X. The share of income
generated by this shock going to household i on impact is

di; zidlogz; aj _qdrf
v — %z5 ( - “z) =
a¥ ZdlogZ A_q dr

(5)

where X = [ x;di for any x, o, = dZ/dY¥ is the labor share of monetary policy, p;; =
rhai_1 + zip + Ty is income, and 7 = [r%a; _1di/A_y and Z = [ z;di are aggregate
returns and earnings.

Proof. See Appendix B.3. O
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This shows that one aggregate component and four micro components determine
the distribution of income generated by shocks such as monetary policy. The aggre-
gate component is the capital income share, 1 — «,, which motivates focusing on this
quantity. The four micro components in the sufficient statistics decomposition are:
The wealth distribution, a4; _1, the labor income distribution, z;, and the pass-through
of aggregates to these. For this reason, I emphasize these components both in the
construction and calibration of the model. Let me start by discussing how I specify

the earnings and returns processes for this purpose.

Real pre-tax labor earnings, z;;, depends on an idiosyncratic component and an
aggregate component,

Zjp = e?tzss + e?t,BZZ‘t(Zt - ZSS)/

where [edi = 1and [¢;p5di = 1 such that Z; is the average earnings. The

idiosyncratic component of earnings follows a Markov chain,
e;; ~ Markov(S,, #;),

where S8 is the state space and ; is the transition matrix. 87, measures the elasticity
of households’ earnings to aggregate earnings, i.e., the “worker 8" in the style of
Guvenen et al. (2017), cf. Appendix B.4. It is calibrated to empirical evidence in
Section 4. 37, = 1 nests the standard specification of z;; = eftZt.S

The return on wealth, 7, has idiosyncratic and aggregate components,
r?t = T’ZS + 625 + :B:"t(rltl - 1’?5), (6)

where [e!,di =0and [ B, di = 1 such that r{ is the average return. The idiosyncratic

component follows a Markov chain,
e;; ~ Markov(S,, %),

where &, is the state space and &, is the transition matrix. Thus, the return on wealth is
heterogeneous across households due to the randomness in ¢},. Furthermore, returns
may be persistent: If households earn a high return in one period, they tend to also
earn a high return in the next period. B/, controls the pass-through of aggregate to

8. In this case, the pass-through is common: dlogz;;/dlog Z; = 1.
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households’ returns. I specify the functional form of this in the calibration. A relevant
special case is equal pass-through, i.e., B}, = 1 forall i and ¢.

Households are taxed on both capital and labor income at rate 7;:
tir = T (ripdis—1 + Zit) -
Finally, households are subject to a borrowing constraint:

ajp > 0.

In this paper, I will focus on the case with heterogeneous returns, i.e., e}, # 0.
Let me briefly mention a special case that I will compare the model to. This is the
standard HANK model. This is nested when returns are common, ¢, = 0 and g}, = 1.

3.2 The Rest of the Model

Having presented the household side with heterogeneous returns, let me now present
the rest of the model. For the most part, this is the standard New Keynesian model.
The key difference is where the heterogeneous returns come from.

3.2.1 Firms

Firms produce output Y; using only labor N; with constant returns to scale, Y; = N;. I
consider capital in Section 6.3. They sell this output to households at price P; and pay
households a wage rate W; for their labor, such that real labor income is Z; = w; N},
where w; = W;/P; is the real wage rate. Firms set prices flexibly, P;, at a markup,
i > 1, over marginal costs:

Py = uWr. (7)

Instead of sticky prices, the nominal rigidity is in the form of sticky wages, as is
standard in the HANK literature. I consider sticky prices in Section 6.3. All profits

are paid period-by-period to households as dividends, which in real terms are
Dt = Yt — Zt.

Firms issue a unit mass of shares, which they sell at real price p;.
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3.2.2 Government

The government issues real bonds, B;, which pay real interest rate r;. It uses the bonds
and taxes, J;, to finance government consumption, G¢, and lump-sum transfers to

households, T}, such that the real budget constraint is
Bi = (147r1)Bi 1+ Gt + Tt — F, (8)

where tax receipts are 7; = f tip di.

Shocks to government consumption or transfers are financed by both issuance of
bonds and higher taxes in the short run. In the long run, fiscal policy is passive, in
the sense that the tax rate, 7;, adjusts to ensure that

Bt — Bss + (PB(Bt—l - Bss) + (Gt - Gss) + (Tt - Tss) (9)

following Auclert et al. (2024a). The rule is chosen to ensure that bonds return to
the initial steady state in the long run, i.e., lim;_,o B; = Bss, where “ss” indicates the
steady state of the model.

3.2.3 Central Bank
The central bank sets the real interest rate directly,
Tt = Tss + €4, (10)
where ¢; is a monetary policy shock. The nominal interest rate is then
ip=1+r)(1+m1) - 1,

where 71; = P;/P;_1 — 1is inflation.

3.2.4 Union

In addition to sticky prices, there are also nominal rigidities in the model in the
form of sticky wages. Specifically, a union sets nominal wages subject to Rotemberg
adjustment costs. This yields the following non-linear New Keynesian wage Phillips
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curve (NKWPC) as in Auclert et al. (2024b):

/
W W W v'(Ny) 1w W
1 - .
' (1+m) =« (u’(Ct)(l m—— 1) + T i (14l y) (11)

This NKWPC is written in such a way that heterogeneity does not matter directly as
is common in the HANK literature.” v(N;) = 'yNtl /9 s the disutility of labor with
¢ > 0 measuring the Frisch elasticity of labor supply and < being a scalar parameter.

3.2.5 Asset Supply

Households do not have a portfolio choice but instead choose overall savings, a;;, with
return r,. The savings reflect two assets in the economy: Firm equity and government

bonds. Both assets pay the same return along the perfect foresight transition path:!'’

pr+1 + Dip
pt

—1=rp. (12)

These returns are paid to households according to the heterogeneous returns process
in the household problem. This means that the total capital income coming from
heterogeneous returns for all households equals the capital income in the economy:'!

[fhauadi = Dy (L ra)Big — Ara (13)
%F/ - ~~ >
HH'’s capital income Capital income from bonds and equity

This defines the average return in the economy. Intuitively, the average return adjusts
each period to ensure that capital income in general equilibrium matches the capital

income earned by households, taking into account the idiosyncratic returns.

It becomes convenient to define the wealth-weighted average return,

0 .

o _ fritalt,l di

[ Vi
A

where A; = [ a;; di. Note that the wealth-weighted average return generally differs

9. This simplifies the comparison of different HANK models as only the household side is affected
while the NKWPC is unchanged.

10. The exception is on impact, t = 0, where the shock causes an unexpected revaluation of assets.

11. By capital income, I mean any income generated by holding assets. This could also be called asset
income. I consider physical capital in Section 6.3.
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from the average return since

-~ ajt—1
7 = r{ 4+ Cov (r?t,f; ) :
-1

Scale dependence

The covariance measures the degree of scale dependence in returns: The degree

to which rich households earn high returns on their wealth.!? Intuitively, if rich

households earn higher returns, i.e., Cov (r?t, i{: ) > 0, the wealth-weighted average

return is higher. In the case of common returns, the wealth-weighted average return

. . ~ . A
and average return are identical, 7 = r{, since Cov <rl”-’t, Altt 1) =0asrj =r{.

3.2.6 Market Clearing
Final output is consumed by households and the government,
Y: = Ci + Gy, (14)

where private consumption is aggregated over households, C; = [ cjdi. Asset
market clearing, A; = f a;; di = py + By, follows by Walras’ law, cf. Appendix B.6.

3.2.7 Solution and Equilibrium

Introducing heterogeneous returns makes solving the model non-standard. I discuss

how I solve the model in Appendix B.1, where I also define the equilibrium concept.

4 Calibration

I now present the calibration of the model. I first discuss the calibration of the new
part, the returns process, to the panel of heterogeneous returns in Section 2. I then
proceed with the calibration of the rest of the model, which is quite standard.

12. Others use “scale dependence” to mean that wealthier households earn higher returns because
they are wealthier. I use the term scale dependence more generally to refer to a positive covariance
between wealth and returns. This might occur directly because the returns process is increasing in
wealth—as I consider in Appendix B.5—or it might occur endogenously, as in my baseline.
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4.1 The Returns Process

I start by calibrating the returns process to my data on household-level returns in
the US. There are three key objects to be calibrated: The average return, g, the state
space, &y, and the transition matrix, %,. Let me go through each.

I simply calibrate the average return, r%, to the average return in the data.'® I then
calibrate the idiosyncratic component of returns, ej,. This process is controlled by the
state space, &;, and the transition matrix, &#,. I start by constructing the equivalent
of the idiosyncratic component of returns in the data. In particular, I care about the
component of returns that is not permanent to the household and that is not driven by
aggregate movements in returns. For this reason, I estimate a regression of returns on
a household fixed effect, time fixed effect, and age dummies.'* T use the residual from
this regression as my measure of idiosyncratic returns. I divide the data on residual
returns into 7 bins and compute the median return within each bin. This yields the

stationary distribution shown in Figure 6.
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-
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Figure 6: Histogram of the Returns in the Model

Note: The figure shows a histogram of the cross-sectional distribution of heterogeneous returns, rf,.

Next is the transition matrix. I assume that households either stay in their current

13. The empirical return conditions on a;_1 > 0. Otherwise, the denominator when computing
returns is 0. Thus, I set r; so the average return in the model, conditional on a;;_; > 0, matches the
data.

14. Testimate 7, = ; + ¢ + BDj; + €1, where Dj; is a vector of age dummies and ¢;; is the residual.
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state or increase or drop one state. Additionally, the probability of changing state is
the same whether going up or down. After matching the stationary distribution, this
leaves one degree of freedom. I use this to match the number of billionaires in the
US. The resulting annual autocorrelation is 0.69. I discuss the returns process in more
detail in Appendix C.1. I verify that the returns process is such that the model has a
stationary distribution in Appendix C.2.

Finally, I specify a functional form of B, to match the pass-through of average to
households’ returns in the data.'® In particular, I set

log {1+ (1+60)(1—067"")%}
log(2 + 6p)

A 1 & 2
:B:"t = and 0= arg 1’1’19111 E Z Wg (ﬁflata - IB(rgnodel)

g=1

where wgq are weights equal to the inverse of the standard errors. I estimate 0 =
(230,0.19)’, with the resulting fit shown in Figure 7.'° T consider robustness to the
functional form in Appendix C.3. I find that any functional form that yields a similar

fit yields almost numerically identical results from the chosen functional form.

| g 1_ _
20 = T T
T
]
05 B T |
o

0.0016 0.008 0.04 0.2 1 5 25
Wealth (relative to median)

Figure 7: Pass-Through of Aggregate to Households’ Returns, g,
Note: The x-axis shows a; _; (relative to the median in the model), while the y-axis shows p},. For the data, each point is the

median within 10 sorted buckets of 10% of the wealth distribution. To allow comparing the model and the data, the data has
been scaled such that the median wealth is the same as in the model. Ticks indicate 95% and 99% confidence intervals.

15. I normalize this so [ B} s di = 1. I also add a tiny value to a;_; in the exponent to avoid 0°.

16. I do not condition on a;;_1 > 0in Figure 7. If I did, the model-implied p}, would tend to be higher
than in the data, because f B, di = 1is computed over all households, not just the ones with a;;_1 > 0.
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4.2 The Rest of the Model

I calibrate the model to match the US in 2019 at an annual frequency. For the house-
hold side, I mainly use the 2019 edition of the SCE.'” I start by presenting the internally
calibrated parameters outside the returns process. These are parameters set to match
moments in the data. I calibrate the discount factor to match the asset demand-to-GDP
ratio of [ a;di/Y = 447%, which yields f = 0.950.

Description Value Target Source
B Discount factor 0.950 [a;ssdi/Y = 447% SCF 2019
r? Average return —1.3% E[r4 | aj—1 > 0] PSID
T Transfers 0.17 T /Income = 14% SCF 2019
B Government bonds 1.05 B/Y = 105% US OMB
T Tax rate 0.38 G/Y =17.6% US BEA
U Markup 1.19 AJY =447% SCF 2019
¢ Return mobility parameter  0.024 788 billionaires Henley

o Log earnings std. dev. 0.561 Bot. 80% earnings = 35% SCF 2019

p:  Log earnings persistence 091 Floden and Lindé (2001)
o CRRA 1 Kaplan et al. (2018)
¢B Tax adjustment speed 0.9 Auclert et al. (2024a)

KV NKWPC slope 0.03 Auclert et al. (2024b)

Table 1: Calibration

Note: “Income” refers to ¥y = Z; + f riaj_1di + Ty

I let the earnings process be an AR(1) in logs, which is discretized using the
Rouwenhorst method (Kopecky and Suen 2010 and Rouwenhorst 1995). I calibrate the
autocorrelation of log earnings to p, = 0.91 as in Floden and Lindé (2001). I calibrate

17. The data follows Kuhn and Rios-Rull (2016) updated to the 2019 SCE.
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the standard deviation of log earnings to match the earnings share of the bottom 80%.
This yields o, = 0.561, which is slightly higher than Guvenen et al. (2021).

For transfers from the government to households, I match an average transfer
income share of 14% from the SCF, yielding T = 0.17. For government bonds, I
match the debt-to-GDP ratio of 105% in 2019 by setting B = 1.05. I match the ratio
of government consumption to GDP of 17.6%, which requires setting 7 = 0.38,
essentially matching the estimates in Barro and Redlick (2011). Finally, I calibrate
the markup such that the supply of assets matches the demand for assets, yielding
u=1.19.

Next, I present the externally calibrated parameters, i.e., the parameters set to
values from the literature. Here, I set a CRRA of o = 1, i.e., I consider log utility, which
is standard. I set the tax adjustment speed to ¢p = 0.9 as in Auclert et al. (2024a). I set
the slope of the Phillips curve, ", in accordance with Auclert et al. (2024b).

Finally, let me discuss the calibration of 7,: The pass-through of aggregate earn-
ings to households’ earnings. For this purpose, I calibrate to the “worker p’s” from
Guvenen et al. (2017). In particular, I set 7, as a function of z;; cf. Appendix B.4.
The result is given in Figure 8. The figure shows a U-shaped relationship between
earnings and the pass-through of earnings: The pass-through is largest for the rich
and the poor, while the pass-through is low for the middle of the distribution.

[ J
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e °
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Earnings, z;; (USD)

Figure 8: Pass-Through of Average to Households’ Earnings by Earnings, 7,

Note: The figure shows the log pass-through of Z; to z;; by values of z;;.
In the rest of the paper, I compare the model with heterogeneous returns to the
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standard HANK model. Table 1 is for the model with heterogeneous returns, so let
me discuss the calibration of the standard HANK model. All parameters are the same
except the following. I set ¢}, = 0 and B}, = 1 to get common returns. Additionally,
I consider permanent discount factor heterogeneity: Half of all households have a
discount factor B, while the other half have a discount factor . The first discount
factor is set to match asset demand—as in the model with he?erogeneous returns.
The other discount factor is set to match the same average marginal propensity to
consume (MPC) as the model with heterogeneous returns. As I argue shortly, this is
an important moment to match, which the standard HANK model cannot do without
permanent discount factor heterogeneity (or some other change).

5 Microeconomic Fit

In this section, I show how the model with heterogeneous returns replicates several
aspects of the microeconomic data that standard HANK models do not. To do so, I

start by discussing heterogeneous returns and then turn to the wealth distribution.

5.1 Heterogeneous Returns

I now consider the heterogeneous returns in the model and their fit to the data. As
discussed in Section 4, the returns process is calibrated to match the cross-sectional
dispersion of returns. Thus, the model, by assumption, matches this aspect.

A more interesting feature of the returns in the model is that they exhibit scale
dependence. Scale dependence is the observation that rich households tend to earn
higher returns. This is well-documented in the literature, see Fagereng et al. (2020),
Bach et al. (2020), Xavier (2021), and Daminato and Pistaferri (2024). To show this, I
split up the data sample and the model distribution by the wealth levels of households.
For each group, I then compute the average return. Figure 9 plots this for quintiles
of wealth. The figure shows that households with more wealth tend to earn higher
returns, both in the model and in the data. The relationship between returns and
wealth is slightly stronger in the model than in the data. In this regard, the model is
more consistent with the literature as well as my data when only looking at financial

returns, which both feature stronger relationships, cf. Appendix D.1.

Note that there is nothing in the specification of the returns process that says that
rich households earn higher returns. Instead, the relationship between returns and
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Figure 9: Average Return by Wealth (Scale Dependence)

Note: The figure shows the average return by quintiles of a;;_.

wealth comes about as a result of household decisions: If households earn higher
returns, they choose to save more, creating the relationship in Figure 9. I study this
turther in Appendix D.2, which plots the policy consumption functions for different
rates of returns. The figure shows that households that earn higher returns have a
lower MPC, saving more of income windfalls instead.

To study the congruence of return heterogeneity in the model and the data further,
Figure 10 shows the equivalent of Figure 2 in the models. The figure shows that the
bottom p% of households in the wealth distribution always hold the same shares
of wealth and capital income in the standard HANK model, i.e., the curve is on the
45-degree line. This is due to the model having common returns. This clearly is at
odds with the data, where, for instance, the bottom 95% holds 35% of all wealth but
only around 20% of capital income. In contrast, the model with heterogeneous returns

tits the data well due to heterogeneity in returns and the scale dependence of returns.

5.2 Wealth

I now turn my attention to the wealth distribution and, in particular, the concentration
in the upper right tail. I plot the right tail of the wealth distribution in Figure 11.
Importantly, if wealth is Pareto-distributed, this plot should look like a line according
toeq. (1), as I discussed in Section 2.1. As mentioned in Section 2.1, the two HANK
models in Kaplan et al. (2018) and Auclert et al. (2024b) provide a poor fit to the
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Figure 10: Shares of Wealth and Capital Income in the Models
Note: The figure shows the shares of wealth and capital income at different points in the distribution of households in the 2019
SCE, the 2019 Distributional National Accounts due to PSZ, and the two models. Households are sorted by their level of wealth.

The x-axis shows the share of wealth held by the bottom p% of households, while the y-axis shows the share of capital income
held by the same group.

top of the wealth distribution. In addition to these models, Figure 11 also plots
the “standard HANK” model, i.e., the model with common returns. However, this
model also understates top wealth. On the other hand, the model with heterogeneous
returns replicates the data almost perfectly, displaying a Pareto tail.

To elaborate on Figure 11, I provide key statistics on the wealth distribution in
Table 2. This table highlights the key conclusion: The inclusion of heterogeneous
returns allows the model to replicate the wealth distribution. Particularly, the match
to the top of the wealth distribution is a key innovation, as this is known to be difficult
in standard heterogeneous agent models. This is even though only the number of
billionaires in Table 2 is targeted in the calibration of the model. The improvement of
the fit to the wealth distribution is not at the cost of matching the share of hand-to-
mouth households, which is around 1/3 in both models. In Appendix D.3, I show
the Lorenz curve for wealth along income and earnings. This shows that the fit to
the whole wealth distribution is good. Additionally, Appendix D.4 shows that the
relative ranking of the concentration of wealth, consumption, and capital income is

consistent with the ranking in data, as emphasized by Gaillard et al. (2023).
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Figure 11: Wealth Concentration at the Top

Note: The figure shows the distribution of wealth in several models. It does so by plotting the counter-CDF against the level of

wealth in USD. Both axes are log-scale. The models are the model from Kaplan et al. (2018), the “HA-hi-liq” model from Auclert

et al. (2024b), the standard HANK model with common returns, and the model with heterogeneous returns. The figure also
shows the counter-CDF for the US based on data from Guvenen et al. (2023) and Vermeulen (2018).

Moment Standard HANK Heterogeneous r* Data
Top 20% share 85% 90%  87%
Top 10% share 63% 77%  76%
Top 1% share 14% 33% 37%
Top 0.1% share 2% 13% 14%
No. of billionaires 0 788 788
Top 0.0006% cutoff (mil. USD) 30 986 1000
Table 2: The Distribution of Wealth

Note: The data on the wealth distribution is from the 2019 SCF. The data on the number of billionaires is from

https:/ /www.henleyglobal.com/publications /usa-wealth-report-2024. The values in the model are converted to USD by
multiplying by GDP per household for the US in 2023.

The fact that the model matches the wealth distribution is an attractive property in

and of itself. But it is also an attractive property for another reason: It lets the model
match a realistically high average MPC at the same time it matches a realistically
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high average wealth. This is important because the literature on HANK models
emphasizes that a key object to match is the MPC (Auclert et al. 2024b). However, it
is a well-known issue that standard HANK models struggle to match simultaneously
the MPC and a realistic level of wealth.'® This is the “MPC-wealth” trade-off of
Kaplan and Violante (2022). The intuition for this trade-off is straightforward: A
high MPC is achieved by having a realistic number of households close to or at
the borrowing constraint. In contrast, a high level of wealth is achieved by having
households away from the borrowing constraint.

The model with heterogeneous returns significantly reduces this tension. To
see this, consider Figure 12. Figure 12 recalibrates the model for different levels of
variation in returns.'” As the figure shows, a larger variation in returns is associated
with a higher MPC, keeping the aggregate level of wealth fixed.
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Standard deviation of returns

Figure 12: The MPC as Returns Are More Heterogeneous

Note: The figure shows the average MPC for the model with heterogeneous returns as the standard deviation of returns
changes. The dashed lines indicate the standard deviation of returns and average MPC in the baseline calibration.

The intuition follows from the considerations regarding the wealth distribution.

18. A realistic annual MPC is around 0.35-0.55. For instance, Fagereng et al. (2021) estimate an MPC
of 0.51, while Jappelli and Pistaferri (2014) estimate 0.48. However, Orchard et al. (2025) argue that a
lower MPC is realistic. A standard calibration in HANK models is a quarterly MPC of 0.15-0.25, which
corresponds to around 0.35-0.55 annually.

19. In particular, I multiply the return grid, &, by some varying factor, and keep all other parameters
fixed, except B and r, which are recalibrated to ensure that the asset market still clears and the capital
income of households still adds up to total capital income.
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With a higher variation in returns, the wealth distribution is more spread out. Thus,
it is possible to simultaneously match a high MPC as many households are at the
borrowing constraint, while matching a high level of wealth, as some ultra-rich
households are contributing to a large aggregate wealth. As such, the model with
heterogeneous returns is an alternative—and arguably simpler—method of matching

the level of wealth and the MPC compared to, for instance, a two-asset model.

6 Implications

In this section, I compare the effects of macroeconomic policies when returns are
heterogeneous with a focus on monetary policy. I first focus on the aggregate effects,
i.e., the effects on aggregate outcomes. Next, I focus on the distributional effects, i.e.,
how different households are affected differently.

6.1 Aggregate Effects of Macroeconomic Shocks

I start by considering the aggregate effects of monetary policy when returns are
heterogeneous. To be specific, I consider the economy in the ergodic steady state. I
then consider an unexpected 1 percentage point shock to the real interest rate with
persistence 0.43, consistent with the estimated monetary policy shock in Auclert
et al. (2020). I then report the resulting transition path back to the steady state. I
will compare two models: The model with heterogeneous returns and the standard
HANK model with common returns. The impulse response functions (IRFs) are given
in Figure 13. IRFs for additional variables are given in Appendix E.1.

Figure 13 shows that the effects of monetary policy are very similar in the model
with heterogeneous returns compared to the model with common returns. Thus,
my model extends the (approximate) neutrality of heterogeneity in the aggregate
transmission of monetary policy established in Werning (2015) and Kaplan et al. (2018)
to a model with more elaborate heterogeneity. Why is this? This is because whether
households are ultra-rich or just “rich”, they behave almost according to the perma-
nent income hypothesis. Thus, changing the wealth distribution such that wealth
is more concentrated among the ultra-rich instead of the less rich—as the model
with heterogeneous returns does—does not drastically change the transmission of
monetary policy in the sense that the effects on consumption are very similar. This is
consistent with Bilbiie et al. (2025), who argue that heterogeneity does not change the

aggregate transmission of shocks much.
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Figure 13: The Aggregate Effects of Monetary Policy

Note: The figure shows impulse response functions to a 1 percentage point fall in the real interest rate. The x-axis shows years
after the shock.

While the aggregate effects of monetary policy are similar with and without
heterogeneous returns, there is a small difference. This is because heterogeneous
returns introduce a new redistribution channel of monetary policy that attenuates its

effectiveness. However, this channel is numerically weak, cf. Appendix E.2.

Having understood this, I now turn to capital income. In particular, why does
capital income increase in response to a cut in interest rates? The important thing to
understand is that monetary policy inflates asset prices. It does so for two reasons:
Lower discount rates and higher dividends. To see this, note that eq. (12) implies that
the price of firm equity is the discounted sum of future dividends:

_ Dina Di1p
1+r  (T4+r)(14+7r41)

Pt

The direct effect of monetary policy is clear: Monetary policy lowers the interest rate,
so it decreases the discount rate. This increases the value of any (positive) stream of
dividends. This is the main effect, but there is also an indirect effect through dividends:
Higher economic activity implies higher dividends.?’ This follows from the fact that
wages are more rigid than prices and is consistent with empirical evidence. This
makes the indirect effect of monetary policy on asset prices clear: Easy monetary
policy increases output and hence dividends, boosting asset prices, cf. Appendix E.1.

In Appendix E.3, I compare my models to the benchmark result from Werning

(2015), who shows that monetary policy has the same effects on consumption with

20. This can be seen clearly from the fact that dividends are Dy = ”7_114.
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heterogeneous agents as in a representative agent model under certain assumptions.
While this result approximately holds in my model, it actually does not hold exactly—
with or without heterogeneous returns. However, when making certain assumptions,
it does hold when comparing the model with common returns to a representative
agent model. But—even under these assumptions—the Werning (2015) result still
does not hold in the model with heterogeneous returns, which has slightly differ-
ent effects of monetary policy compared to a model with common returns and a
representative agent model, cf. Appendix E.3.

Having considered the effects of monetary policy, I now briefly turn my attention
to fiscal policy. In particular, I consider two fiscal policies: Government consumption,
Gt, and transfers, T;. For both these shocks, I consider paths that yield an identical
effect on output as with monetary policy in the model with heterogeneous returns.?!
Appendix E.4 discusses how I do this. Doing so is particularly convenient when
considering the distributional effects in Section 6.2, as I am holding the aggregate
effects across shocks fixed.

Figure 14 shows the output responses in the models with heterogeneous returns
and the standard model. The figure shows that the effects of both fiscal policies on
output are very similar. This is because both models are calibrated to the same MPC,
which is a key determinant of the effectiveness of fiscal policy.

Response of Y to G-shock Response of Y to T-shock
1.50 150
’ —— Heterogeneous r*
g 1.25 Standard HANK 1.25
&
£ 100 1.00
£
> 0.75 0.75
s
£ 050 050
k=
g) 0.25 0.25
0.00 0.00 ———
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Years (t) Years (t)

Figure 14: The Aggregate Effects of Fiscal Policy

Note: The figure shows impulse response functions of output to fiscal policy shocks.

21. T use these shocks in both models to compare the effects of the same shock on output.
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6.2 Distributional Effects of Macroeconomic Shocks

Having considered the aggregate effects of macroeconomic policies, I now turn my
attention to the distributional effects. To do this, I consider a policymaker who wants
to stabilize the economy in the face of economic shocks. One tool the policymaker
could use is monetary policy. Other tools are fiscal policy, i.e., changes in government
consumption or government transfers. Any of these tools can stabilize aggregate
demand. However, they might have different distributional effects, i.e., affect house-
holds differently. To study this, I ask the following question: For each $100 generated
by a policy, how much goes to the top x%? This question helps clarify whether policies

favor the poor or the rich.

In Table 3, I ask exactly this question for the top 0.1%. I ask the question in
both models for three different shocks: Monetary policy, transfers, and government
consumption. The table shows a striking result: In the model with heterogeneous
returns, around 11% of all income generated by monetary policy goes to the top
0.1%.%? These numbers are much lower for transfers and government consumption,
at around 1% and 3%, respectively. Furthermore, the number is much larger than in
the standard HANK model, where all policies modestly favor the top 0.1% with less
than 2% of income going to the top 0.1%.

Standard HANK Heterogeneous r*

Transfers 0.1% 1.1%
Government consumption 0.6% 2.9%
Monetary policy 1.8% 10.7%

Table 3: Shares of Income Going to the Top 0.1% In Response to Shocks

Note: The table shows the shares of income going to the top 0.1% on impact in response to three different policies in two models.

Next, I generalize Table 3 from the top 0.1% to any point in the wealth distribution
in Figure 15. The figure shows that transfers are by far the most equal policy: It
benefits households across the income distribution fairly equally, with the bottom

x% getting almost the corresponding share of the increase in income. As an example,

22. Appendix E.5 shows the difference between the models for the whole distribution.
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the bottom 80% get around 70% of the income generated by the policy. This is not
surprising given that transfers are lump-sum in the model, benefiting households
equally. Transfers are not completely equal only due to general equilibrium effects.”®
The second most equal policy is government consumption. Here, the bottom 80% get
around 40% of the income generated. Consistent with Table 3, monetary policy is by
far the least equal policy, with the bottom 80% getting essentially only around 15% of
income. Note that around a third of all households are borrowing-constrained and
therefore have zero assets. These 1/3 of households are the flat segment in Figure 15,

which also explains why the policies lie above the 45-degree line at the bottom.**

1.0

Transfers
Government consumption

—— Monetary policy

o
)

o
o

N
'S

Cumulative share of income gained
=
N
\
\

0.0

0.0 0.2 0.4 0.6 0.8 1.0
Cumulative share of households by wealth

Figure 15: Shares of Income Going to Different Households

Note: The figure shows the composition of income generated by different policies on impact along the wealth distribution. The
plot is smoothed using a Savitzky-Golay filter to smooth out kinks in the solution due to the discretization.

Why is this? The key thing to understand is that monetary policy implies a positive
revaluation of wealth, drj > 0, as argued previously. How does this translate into
income for different households? Note that at the top of the wealth distribution,
income is essentially only capital income, a; _17},. This approximation certainly holds
well for the top 0.1%. The gains from higher asset prices are much higher at the top

23. For instance, higher transfers create a boom, which causes dividends to increase since they are
pro-cyclical. Higher dividends mostly accrue to the rich firm owners.

24. Figure 15 shows the share of income going to households with a; ;; < Px, where Px is the x’th
percentile of wealth. Since Px = 0 for all x < 1/3, the bottom x < 1/3 of households in the figure
is always the bottom 1/3. Alternatively, the figure could use a strict inequality, a; ;s < Px. Then, the
bottom x < 1/3 would be the bottom 0 with a discrete jump around 1/3.

34



of the wealth distribution for two reasons in the model with heterogeneous returns:
Because top wealth is much larger, and because the pass-through of returns is larger.
This is why monetary policy benefits the ultra-rich much more in the model with

heterogeneous returns than the standard HANK model, i.e., the third row in Table 3.

What explains the first two rows in Table 3, i.e., why do transfers and government
consumption benefit the ultra-rich much less than monetary policy? This is quite
simple: Even if the policies induce the same change in output, monetary policy
inflates asset prices more due to lower discount rates, benefiting the ultra-rich more.

One way to see the importance of capital income is in Table 4, which splits the
aggregate change of income into the three sources: Labor income, z;;, capital income,
riair—1, and transfer income, T;. Table 4 shows each of the three income sources for
each of the three policies. The table shows that transfers mostly generate transfer
income, unsurprisingly. In contrast, government consumption mostly generates labor
income: This is because the government buys goods, and firms pay households
to produce these goods. Furthermore, monetary policy mainly generates capital
income. Across the wealth distribution, the income sources are more or less the same
in response to both fiscal policy shocks, while the income sources are uneven in
response to monetary policy: The richest households get capital income mostly, while
the poorer households get labor income, cf. Appendix E.6.

Capital share Labor share Transfer share

Transfers 8% 26% 67%
Government consumption 22% 78% 0%
Monetary policy 83% 17% 0%

Table 4: Income Composition of Different Policies

Note: The table shows the composition of income generated by different policies on impact.

Are the distributional effects I find consistent with the empirical literature? I find
that this is the case. For instance, Andersen et al. (2023) find that the gains of easy
monetary policy are increasing in income. I confirm that this is also the case in my

model, cf. Appendix E.7.
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6.3 Robustness

Let me now consider the robustness of the results. To do so, I present a series of model
changes and their implications for the model. In particular, I consider the following
changes to the model: Adding sticky prices, considering long-term debt, considering
nominal debt, adding capital to the model, and parametrizing the model differently.

All the changes are spelled out in Appendix E.8. I only review the results here.

The results of all model changes are shown in Table 5. As the table shows, the
results are very robust to all changes. In particular, the increase in output remains
in a narrow band. The same is the case for the top 0.1% income share of monetary
policy, with one slight exception: When more liquidity is in the form of bonds, the
top 0.1% income share drops slightly. This is because there is no revaluation of bonds,
as government bonds guarantee some real return by assumption, so capital income
from holding them does not increase as with firm equity. Despite the implausibly

large value of government bonds, however, the top 0.1% income share remains large.

Model Output increase Top 0.1% income share
Baseline 1.45% 10.7%
Capital 1.30% 14.1%
Long-term debt 1.50% 10.9%
Nominal debt 1.46% 10.6%
Sticky prices 1.44% 10.6%
More flexible wages 1.45% 10.7%
More bonds 1.47% 9.1%
Net borrowing 1.37% 12.2%

Table 5: Robustness

Note: The table shows the robustness of the results to various changes to the model.
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7 Welfare

7.1 The Equivalent Variation of Shocks

So far, I have considered how households are affected differently in terms of income.
While understanding the income effects is intuitive and a step to understanding the
welfare effects, the income effects do not necessarily translate directly to welfare. For
this reason, I now focus on the welfare effects of shocks across the distribution.

One of the main issues with considering income is how capital income is affected.
In particular, capital income rises on impact but drops afterward. The importance of
considering welfare instead of asset price revaluations is emphasized by Fagereng
et al. (2025). Whether households would prefer not having their income change
is a complex question. To handle this, I consider a welfare measure of the shock.
In particular, I largely follow the approach from Bardéczy and Veldsquez-Giraldo
(2024). Let Vis(ej, a;) denote the value function at state (e;, 4;) in steady state. Consider
then an unexpected aggregate shock. Denote the value function after this shock by

V*(e;, a;). The equivalent variation, ev;, then solves”

ev;
V*(ei, a;) = Vss (61',!11' + m) :
This answers the question: What is the transfer that would make the household
indifferent between facing the shock and not facing the shock? Positive values,
ev; > 0, indicate that the household needs to be compensated not to face the shock,
i.e., that the household likes the shock, and vice versa for negative values.

Figure 16 re-creates Figure 15 showing income shares by now showing equiv-
alent variations instead. The figure focuses on monetary policy and transfers, as
government consumption is wasteful and therefore is hard to interpret when looking
at equivalent variations. The figure has essentially the same takeaways as Figure
15 based on income: The gains of monetary policy are significantly less evenly dis-
tributed than the gains of fiscal policy. However, the equivalent variation gains of all
shocks are more evenly distributed compared to the income gains. But the ranking
and relative difference between shocks remain the same. If anything, the differences
in how unevenly shocks are distributed are even more pronounced when looking at

equivalent variations than with income.

25. I divide by 1 + (1 — 7)r? since increasing wealth by x increases cash-on-hand by (14 (1 — 7)r7)x.
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Figure 16: Shares of Equivalent Variations Going to Different Households

Note: The figure shows the composition of equivalent variations generated by different policies on impact along the wealth
distribution. The plot is smoothed using a Savitzky-Golay filter to smooth out kinks in the solution due to the discretization.

One disadvantage of looking at equivalent variations instead of income is that the
underlying drivers are less transparent. To get at this, I decompose the equivalent
variation gains observed in Figure 16 in Appendix F.1. This shows that the gains of
monetary policy at the top largely come from the increase in asset prices.

7.2 Policy Implications

I round out the paper by considering the effects of different policies on welfare.
To do so, I do as follows. Over the business cycle, the economy is hit by shocks.
A policymaker can stabilize business cycles by following policy rules. The classic
example is a monetary policy rule for the interest rate, but policymakers could also
use a rule for fiscal policy. Motivated by the different effects of shocks in Section 6, I
study rules for both monetary policy and fiscal policy. I then ask the question: Do
different households prefer if stabilization is conducted using different rules?

To do so, I first add a business cycle to the economy. In particular, I introduce
three shocks to the model: A markup shock, a risk premium shock, and a Phillips
curve shock. I assume that all three shocks follow AR(1) processes with IID normal
innovations. I then estimate these shocks to fit actual US business cycles in the data.
All the details are given in Appendix F.2, but the key point is just to have some

variation in business cycles, which approximates empirical business cycles, for the
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policy to stabilize.

With the shocks estimated, I simulate the economy getting hit by the three shocks
for 1,000,000 years. The goal of the exercise is then to compare different policy rules
used to stabilize the business cycles. Given the results showing that the gains from
monetary policy are the least equally distributed, while transfers are the most equally
distributed, one might think that rich households prefer using monetary policy to
stabilize business cycles, while poor households prefer fiscal policy. But this is not
the case because preferences are symmetric: Just as much as rich households like
stabilizing recessions by lowering the interest rate, they dislike stabilizing booms by
increasing the interest rate. For this reason, I instead propose to look at asymmetric

policies.

In particular, I consider two different asymmetric policies. The first is where
tiscal policy in the form of transfers is used to stabilize shocks that create recessions
and monetary policy to stabilize shocks that create booms, while the second is the
exact opposite. Appendix F.3 gives the details on the simulation. Crucially, both
asymmetric policies are set such that the business cycle is perfectly stabilized at all
points in time, i.e., dYy = dC; = 0. This allows me to compare the distributional
effects holding fixed aggregate stabilization. I then compute welfare—as presented
above—for both poor and rich households in these two scenarios to compare which
households prefer which scenarios. Here, the “poor” are defined as the bottom 90%
by wealth (holding 23% of all wealth), while the “rich” are the top 10% (holding the
remaining 77%). The results are given in Table 6. In particular, Table 6 reports average
equivalent variations for both groups in percent of GDP compared to the steady state

with no business cycles.

Policy Poor Rich

FP in recessions + MP in booms 1.22% —0.24%

MP in recessions + FP in booms —1.22% 0.24%

Table 6: Welfare Gains of Asymmetric Policies

Note: The table shows equivalent variation welfare gains in percent of GDP from two different asymmetric policies compared to
steady state. Fiscal policy refers to lump-sum transfers, while monetary policy refers to the real interest rate.

Table 6 shows that poor households clearly prefer the asymmetric policy using
fiscal policy in recessions and monetary policy in booms. On the other hand, rich
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households prefer the opposite. By construction, the rows are the same with opposite
sign. This is not surprising given the distributional effects of the different policies.
Appendix F.4 shows that the results in Table 6 are robust.

Interestingly, one can argue that the asymmetric policy using transfers in reces-
sions but not in booms is similar to what policymakers have actually done in the last
decades in the US. In particular, the federal surplus has displayed an asymmetry,
dropping sharply in recessions without increasing similarly in booms. Examples of
such policies include various rounds of transfers, including tax rebate checks during
the 2001 recession, similar checks in 2008 during the financial crisis, and finally three
rounds of “stimulus checks” in 2020 and 2021 during the Covid recession. At the same
time as the asymmetric policy has been conducted, monetary policy has been more
symmetrical, with rates decreasing in recessions and increasing in booms. Appendix

E.5 shows examples of the simulated time series in the model.

Let me end this section with two important notes. First, this analysis says nothing
about which policy is optimal. Indeed, stabilizing output and consumption in re-
sponse to all shocks is generally not optimal. Saying something about optimal policy
would require taking a normative stance on how to weight the welfare of different
households and, thus, to what degree the policymaker cares about inequality. For
instance, some papers use a utilitarian objective where all households are weighted
equally (Déavila and Schaab 2023, Le Grand and Ragot 2023), while other papers
weight rich or poor households relatively more or less (Bhandari et al. 2021, McKay
and Wolf 2023b). Instead, my analysis simply positively identifies which policies
different households would prefer, side-stepping the normative issues. Thus, my

results can serve as the basis for informing a normative analysis.

Second, my analysis does not take a stance on how monetary policy or fiscal
policy should be conducted. Instead, it simply compares two rules that achieve the
same stabilization of aggregate output and consumption. In this sense, my paper is
different from Gornemann et al. (2016), who compare how monetary policy should

be conducted, i.e., how hawkish or dovish it should be.
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8 Conclusion

I study the distributional effects of monetary policy when returns are heterogeneous
in an otherwise standard HANK model. I do so by constructing a dataset of hetero-
geneous returns across US households. I have three main takeaways. First, I find
that the model matches micro distributions of returns, wealth, and income. Crucially,
the model matches the concentration of wealth at the top and the pass-through of

aggregate to households’ returns.

Second, I study the distributional effects of monetary policy. I find that income
gains from expansionary monetary policy disproportionately benefit the ultra-rich:
The top 0.1% take 11% of the income increase, more than 100 times their population
share and an order of magnitude more than in standard HANK models. This is
because monetary policy mainly increases capital income, which mostly goes to the
rich. On the other hand, fiscal policy is much more equally distributed.

Third, I study the policy implications. I do this by considering asymmetric policy
over the business cycle. For instance, policymakers can ease fiscal policy in recessions
and tighten monetary policy in booms. I find that poor households prefer this.
However, there is disagreement about the policy: Rich households prefer the exact

opposite, using easy monetary policy in recessions and tight fiscal policy in booms.

My paper thus constitutes new evidence on the distributional effects of monetary
policy. Policymakers who care about distributional effects should consider this when
designing stabilization policies.
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Appendix

A Appendix to Section 2
A.1 Wealth Concentration

Table A.1 shows top wealth shares in the data and selected HANK models in the
literature. I have selected these HANK models because of their prominence in the
literature, their emphasis on matching the distribution of wealth, and their reporting
of top wealth shares. As such, the models in Table A.1 provide the best case of
matching the wealth concentration in standard HANK models, with most HANK

models featuring less wealth concentration.

Table A.1 shows that all four models understate the concentration of wealth at
the top. In particular, Bayer et al. (2024) (BBL) only report the top 10% share, while
Auclert et al. (2020) (ARS) only report top 10% and 5% shares, understating these
compared to the data. Their fit to the top 1% or 0.1% shares is then almost surely
worse. McKay and Wolf (2023b) (MW) fit the top 5% share, but understate the top
1% share and do not report the top 0.1% share. Kaplan et al. (2018) (KMV) clearly do
the best: They fit the top 10%, 5% share, and top 1%. Their fit only fails at the very
top: They do not fit the top 0.1% share, something they are open about in the paper.
However, it is worth noting that they are also the only ones to report the top 0.1%
share.

The models in Table A.1 do not report their Pareto tail index. This is natural, as
the models do not feature a Pareto tail and thus the Pareto tail index is not defined in
the models.
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Data KMV ARS MW BBL

Top 10% share | 76% 82% 70% 82% 67%
Top 5% share | 65% 69% 58% 66% —
Top 1% share | 37% 38% — 27% —

Top 0.1% share | 14% 7% - = —

Pareto tail index | 1.52 — — — —

Table A.1: Wealth Concentration in the Data and HANK Models

Note: The table shows wealth shares and the Pareto tail index of wealth in the US data and selected models. The data is the 2019
SCEF, except the Pareto tail index, which is from Vermeulen (2018). “KMV” is Kaplan et al. (2018), “ARS” is Auclert et al. (2020),
“MW?” is McKay and Wolf (2023b), and BBL is Bayer et al. (2024). The numbers for ARS are for the illiquid wealth distribution.

A.2 Survey of Consumer Finances

I use data from the 2019 SCF. The data is from Kuhn and Rios-Rull (2016), which is
updated to 2019 online. They provide data on earnings, income, and wealth directly.
They also provide data on transfers as a share of income, which I convert to USD

using the income data. I do the same for “other” income.

In the model, income is separated into earnings, capital income, and transfers.
There are two issues to overcome in order to make the data consistent with the model:
(1) What to consider as capital income, and (2) how to attribute “other” income. For
(1), I compute capital income as the part of income not due to earnings, transfers,
or other income. Regarding (2), I distribute other income to the three remaining
components (earnings, transfers, and capital income). The result is a variable for
income identical to the one in the data provided by Kuhn and Rios-Rull (2016), but
which is made up of three components: (1) Earnings, (2) capital income, and (3)

transfers.

A.3 Piketty-Saez-Zucman

I use the micro-files for the distributional national accounts for the US from Piketty
et al. (2018). The data is constructed based on tax, survey, and national account data.
I use the variable hweal (“net personal wealth”) as my measure of wealth and the

variable pkinc (“personal pre-tax capital income”) as my measure of capital income.
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As with the PSID, I drop households older than 65.

A.4 Panel Study of Income Dynamics

In this section, I discuss how I use data from the PSID to construct a dataset of het-
erogeneous returns across US households. The construction largely follows Snudden
(2021).

A.4.1 Data Structure

In addition to the SCF, I use panel data from the PSID. The panel is biennial, starting
in 1999 and ending in 2019. Crucially, the unit of time for flow variables is still years.
Thus, the panel can be thought of as annual with missing data.

The variables I use can be considered as being part of two categories: Wealth stocks
and income flows. For a survey conducted in year ¢, respondents are asked about
their stock of wealth at that point in time, i.e., year t, and about income flows during
the previous year, i.e., year t — 1, see Figure A.1. For this reason, both the numerator
and denominator in eq. (2) are observed, though not in the same survey. Thus, I can
construct returns for year t — 1 for each survey year ¢, but not ¢ itself. Since surveys
were conducted in 1999, 2001, ..., 2019, I can construct returns for 2000, 2002, ...,
2018.%°

a2015 a017 a2019
l Y2016 l Y2018 l

—
! !

2015 2016 2017 2018 2019

Figure A.1: Example of Survey Timeline

A.4.2 Sample Restrictions
I restrict the age of the head to be 18-70. I drop the SEO sample consisting of over-

sampled low-income households. I restrict attention to households that have the
same head. I trim the sample by dropping returns below the 0.5th and above the
99.5th percentiles. When computing returns using the formula in eq. (2), I require
that households have a;;_1 > 1000 USD to ensure that I am not dividing by a number

close to zero. Returns are adjusted for consumer price inflation.

26. I lose the first year due to the lagged wealth in eq. (2).
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A.4.3 Capital Income

I now discuss how I compute the capital income from the eight sources. First, I
discuss income from trust funds and royalties, interest income, and dividend income.
Respondents are asked directly about these three in the survey, so I simply use the

responses. I discuss the remaining five in turn.

* Primary Housing. Income from primary housing can be split into two parts. The
first part is rental income, which is reported directly in the survey, but is not
attributed to primary or other housing. I attribute the rental income to primary
housing if the household is a homeowner and does not own other real estate.
Otherwise, I attribute it to other housing.

The second part is capital gains. Capital gains are computed as

price change — improvements
> .

capital gains =

The price change is the change in the price of the house, which depends on
whether the house was sold or not. If the house was sold, the selling price is
used. If the house was not sold, the self-assessed value is used. Both are net of
an 8% commission. Improvements are reported directly in the survey but are
not attributed to primary or other housing. I attribute improvements to primary
housing if the household is a homeowner, and otherwise, I attribute them to
other housing.

* Other Housing. Income from other housing can be split into the same two parts
as primary housing. The first part is rental income, which is reported directly
in the survey, but is not attributed to primary or other housing. I attribute it to
what was presented when discussing primary housing.

The second part is capital gains. Capital gains are computed as

price change — improvements — net investment

capital gains = >

The price change is simply the change in the price, while net investments are
the difference between the price of real estate sold and the price of real estate
bought. Improvements are as discussed with primary housing.

* Businesses. Business income is split into two types: Realized and unrealized

capital gains. The realized part is the sum of the income associated with owning
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the business—reported directly in the survey—and the income associated with

owning the farm.?’

* Stocks. Income from stocks is given by

stocks

stocks .
AYCH — fit

2
where afttOCks is the value of the stocks and fj; is the net investment into stocks.

¢ Other. In the survey, the respondent is asked for the total capital income of other

members of the family unit. I include this as other capital income.?®

A.4.4 Wealth

The value of wealth can be split into two types in the survey: Assets for which net
investment is reported, and assets for which net investment is not reported. This
distinction is important because it matters for how returns are computed. In particular,
it matters for the measurement of the denominator in eq. (2). When net investments
are reported, I simply use the lagged value of wealth in the denominator. When net
investments are not reported, I use an average of the lagged value of wealth and the
contemporaneous value of wealth. Let me start by discussing the assets where net
investment is reported.

* Primary housing. Respondents are asked about the value of their house. I report

the value net of 8% commission.

o Other housing. Respondents are asked about the value of their real estate, i.e.,
how much it would sell for. Values are kept consistent across waves and
reconciled with reported transactions around survey question changes, so the

measure reflects a market-value concept across the panel.

¢ Stocks. Respondents are asked about the value of their stocks if they paid off
everything owed on them.

27. Farm income is not split into capital and labor, so I do this. If farm income is negative, I attribute
all of it to capital income. If it is positive, I attribute half to capital income.

28. Before 2005, respondents were only asked about the fotal income of other members of the family
unit, not how much of it is labor income. I attribute this income as labor income before 2005, except if
it is negative, in which case I attribute it as capital income.

52



* Businesses. Respondents are asked about the value of their farm /business, i.e.,
how much it would sell for. Reported values are reconciled with buys/sells and
changes in reported net worth between waves (including liability repayments

when reported), so changes reflect both transactions and valuation movements.
Let me then discuss the assets where net investment is not reported.

* Private annuities or IRAs. Respondents are asked about the value of their annu-
ities/IRAs.

* Checking/savings accounts. Respondents are asked about the value of their check-

ing/savings accounts.

e Vehicles. Respondents are asked about the value of their vehicles if they paid off
everything owed on them.

 Other assets. Respondents are asked about the value of other assets if they paid
off everything owed on them.

A.4.5 Descriptive Statistics
Table A.2 shows key descriptive statistics for the PSID data.
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Mean Std. dew. P5 P50 P95

Return 12%  133% —121% —1.7% 21.8%
Assets (USD) 318 954 2 138 1149
— Primary house 141 200 0 92 460
— Other house 32 601 0 0 150
— Business 32 393 0 0 10
— Stocks 29 209 0 0 100
—IRAs 41 175 0 0 220
— Savings 20 85 0 3 83
— Vehicles 16 21 0 10 50
— Other 9 85 0 0 25
Age (years) 43 13 25 42 65

Table A.2: Descriptive Statistics for Heterogeneous Returns and Wealth in the PSID

Note: The values of wealth are in thousands of nominal USD. The age is in years.

A.4.6 Explaining Returns With Portfolio Shares

Consider splitting household wealth into N assets indexed by j = 1,..., N such that
total capital income and wealth are the sum over these assets:

N .
_ ]
Yo=Y % and o= m
J=1

Consider the case where households only earn different returns because they hold

o

different assets, but each asset gives the same return, i.e., X, =, 4. In this case,

the total return for a household is just a weighted average of households returns,

N o

[ it—1 xzt
rip = = wl, 7l (15)
i A 1 ]Zl Ajs_q a B Z it—1"t’
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where the weights are w/

= a?t /aj;. An immediate implication is that a regression

of households’ returns on households” weights should yield an R>—coefficient of
determination—of exactly 1 within each year.

Figure A.2 reports the R? of such regressions.”” The R? is in the range of 0.01-0.06,
far away from 1. Even significant measurement error cannot explain this, suggesting
that household returns are idiosyncratic also within asset categories and years. This
is consistent with Fagereng et al. (2020), who find that returns are heterogeneous also
within narrow asset classes.

0.05

0.04

0.03

R2

0.02

0.01

0.00

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Year
Figure A.2: R? of Regression of Returns on Portfolio Shares by Year

Note: The figure shows the coefficient of determination, i.e., R?, of a regression of household-level returns on their portfolio
shares by year.

29. Iinclude a constant in the regression even though eq. (15) suggests that this should be 0. This
should only bias upwards the R2.
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A.4.7 Return Pass-Through Robustness
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Figure A.3: Pass-Through of Average to Households” Returns by Wealth With Stan-
dard Errors Clustered by Household

Note: See Figure 4. The only difference is that the standard errors are clustered by household. Confidence intervals are at the
95% level.
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Figure A.4: Pass-Through of Average to Households” Returns by Wealth Vigintiles

Note: Figure 4 for vigintiles (groups of 20) instead of deciles (groups of 10). Confidence intervals are at the 95% level.
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A.4.8 Robustness to Asset Types

In this appendix, I consider removing some asset types from the data. In particular, I
consider three alternative return variables: (i) Without housing, (ii) without vehicles,
and (iii) financial assets only. In Table A.3, I report the average return and standard
deviation of returns for these variables. These alternative returns generally have a

larger standard deviation, particularly when looking at financial variables only.

Mean Std. dev.

Everything 1.2% 13.3%
W/ohousing 1.1% 15.1%
W /o vehicles 2.6% 17.4%

Financial 4.1% 26.9%

Table A.3: Alternative Returns Variables

Note: The table shows the average return and the standard deviation of returns with alternative returns variables.

In Figure A.5, I consider two key figures in the alternative return variables. The left
panel shows the average return by quintiles of wealth, while the right panel shows
the return pass-through. Both panels confirm the main results: Both the average
return and the pass-through of returns are increasing in the level of wealth.

Average returns by wealth quintile Pass-through by wealth quintile

2.0 W/o housing T
6 —8— W /o vehicles
15 —®— Financial

@ Everything

1.0

Average return
Pass-through ()

0.5

0_/ 0014

0%-20%  20%-40% 40%-60% 60%-80% 80%-100% 0%-20%  20%-40% 40%-60%  60%-80% 80%-100%
Wealth quintile Wealth quintile

Figure A.5: Robustness of Returns Variables

Note: The figure shows robustness to different returns variables. The left panel shows the average return by quintiles of wealth.
The right panel shows the return pass-through.
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A.4.9 Portfolio and Normalized Returns
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Wealth percentile
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Figure A.6: Portfolio Shares Across Wealth Distribution

Note: The figure shows portfolio shares across the wealth distribution in the PSID.

0.15

0.00 [}

Sharpe ratio

—0.05

—0.10

—0.15

Q,Qo‘o )&010 Q°~° b@[o ;1601" ol ’Q,Qo‘o 9%010 ,\QQ

I o N
Wealth decile

Figure A.7: Average Returns Normalized by Their Standard Deviation

Note: The figure shows the average returns normalized by their standard deviation across wealth deciles.

58



A.5 Returns by Wealth Quintiles in the SCF

I do not measure returns directly in the SCF, but I can still get at returns by wealth
quintiles. I do so in the following way. Using the data provided by Kuhn and Rios-
Rull (2016), I have portfolio shares by wealth quintiles. I then compute returns by
wealth quintile by taking a weighted average of the returns of different asset classes

provided by Jorda et al. (2019). The resulting time series are given in Figure A.8.
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Figure A.8: Time Series of Average Returns in the SCF

Note: The figure shows a time series of average returns based on the SCF data.

While I do not have a panel of returns, I can still produce a figure similar to Figure
A.9. In particular, I simply estimate the following time series regression,

T = w(q) + ﬁ(q)ri(.q) + ggq)’ (16)

(9)

where r," is the return for a particular quintile and r; is the average return. I construct

the average return as the average of the returns for the five quintiles. The resulting
estimates are given in Figure A.9.
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Figure A.9: Pass-Through of Average to Returns by Wealth in the SCF

Note: The figure shows estimates of § from eq. (16). The standard errors are robust to heteroskedasticity and autocorrelation
(HAC) with 3 lags. Confidence intervals are at the 95% level.
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B Appendix to Section 3
B.1 Solution Method and Equilibrium

I solve the households” problem using the endogenous gridpoint method (EGM)
of Carroll (2006). I then use the methods from Auclert et al. (2021) to compute
the Jacobians of the model. Lastly, I solve for the non-linear transition path under
perfect foresight in the sequence space using a numerical equation solver (Boppart
et al. 2018, Auclert et al. 2021).* This is equivalent to linearizing the model without
perfect foresight (i.e., without aggregate risk) when shocks are small due to certainty
equivalence. Note that while households have perfect foresight with respect to
aggregate variables, they do not with respect to idiosyncratic variables, i.e., their labor

income and returns.

Introducing heterogeneous returns changes the solution of the model compared to
a standard HANK model in a few ways. First, it introduces a new state variable: The
idiosyncratic return, ¢},. Furthermore, heterogeneous returns stretch out the wealth
distribution significantly. For this reason, it is important to have (i) a wealth grid with
a very large maximum value, (ii) many grid points, and (iii) a highly non-linear grid.
In particular, I (i) set the maximum wealth to 10", (ii) consider 401 grid points, and
(iii) use the affine-exponential grid from Gouin-Bonenfant and Toda (2023). I have
verified that the model has a stationary distribution, see Appendix C.2.

Despite these differences, the solution of the model is not much slower than the
standard HANK model. This is because the model does not introduce any new choice
variables. Additionally, the grid for returns does not have to have very many grid
points.’! Thus, I can still use the fast EGM method of Carroll (2006) to solve the

household problem with heterogeneous returns.

I define the equilibrium of the model in Definition 1

Definition 1 (Equilibrium). Given sequences for {e;, T;, G}, an initial household
distribution, Dg(a,e*,e"), a competitive equilibrium is a path of household policies

{ct (a,e%,e") ,a; (a,e*,e")}, distributions D (a, €%, e"), prices,

W . a =a
{Pt/ Wt/ Wy, 7t 7Tt s, Tt Pt/ rt/ rt } 7

30. The code is written in Python and based on the GEModelTools package.

31. Tuse 7 grid points for both the labor income process and the returns process, i.e., 7 = 49 grid
points for both in total.
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and quantities,
{Bt, Jt,Yt, Nt, Dy, Z4, 11, At, Ct },

such that all households and firms optimize, monetary and fiscal policies follow their rules

subject to constraints, and the goods market clears.

B.2 Recursive Formulation

Given sequences of aggregates, (7)., (Z:);2, (Tt)i2y and ()52, a household
with state (a,e), where e = (€7, ¢"), solves the following recursive problem:

Vi(a,e) = maxu(c) + BE; [Vt+1(al/ 6/)} ,

c,a
s.t.
c+ad =(1+ra+z+T,—¢,

z=e"2Z+e*B (2t — 2Z),
rt=r"+e + B (ri —1"),
t=7(ra+z),

e* ~ Markov(S,, #,),

e’ ~ Markov(Sy, #;).

I consider two modifications to do with changing the discount factor, . The first
is introducing permanent discount factor heterogeneity, which simply amounts to
adding B as a permanent state.

B.3 Proof of Proposition 1

Since transfers do not change, the change in total income for household 7 at time t = 0

is given by
dio = dxjo + dzj,

where x;; = rf,a;;_1. The change in income going to this household is then

dipio _ dxip +dzig _ dxjo L dzig
d¥ d¥ d¥, d¥,

62



Furthermore, assuming dXy # 0 and dZ, # 0:

din . dX() dxi() dZ() dZi()
d¥, d¥,dX, d¥odZo

Write now x;p = r%.a; _1, such that dx;yp = a; _1dr%,. Thus,
i0 i0%i,—1 i0 i,—1%750

dZiQ

dio _ dXo a; 1 drf, n dZo zio zp
d¥o d¥YoA_1drf, d¥oZ dzﬁ'
0

Using the definition of a, and neglecting the t = 0 subscript yields the result.

B.4 The Elasticity of Earnings

I start by showing that the elasticity of z;; with respect to Z; is 8. To see this, note
the definition of an elasticity:

aZit Zt » hz Zt
L iy 17
0Z; zjt eltﬁltzit 17)

Evaluating this in the steady state yields that this elasticity is £7,.

Let me now discuss how to ground f7, empirically. Here, I turn to Guvenen
et al. (2017). They estimate a regression that recovers something very similar to the
elasticity, p7. The only difference is that their elasticity is of earnings with respect to
GDP and not aggregate earnings. However, these two elasticities are the same in the

model. To see this, note that

1
Zt = tht = %Yt = ﬁYt

Thus, earnings are given by
ez ez
Zjt = ﬁyss + ﬁﬁ?t(yt - Yss)~

Repeating the calculations in eq. (17) for Y; instead of Z; then yields that the elasticity
of z;y with respect to Y} is 8%,. Thus, I use the estimates of g7, from Guvenen et al. (2017).
In particular, I use their estimates of 7, as a function of earnings percentiles for males.
To do so, I ook at percentiles of the 7 grid points for ¢;, in the model and interpolate
between the estimates in Guvenen et al. (2017). Finally, I divide all %, by the same
value such that [ ¢ p% di = 1, which ensures that [ z; di = Z; for all ¢.
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B.5 Robustness to Returns Process

I now consider three alternative specifications for the returns process. The first
specification is that e, follows a mean-zero AR(1), discretized by the Rouwenhorst
method. I set the standard deviation and autocorrelation to match the baseline
specification. This specification has three problems. First, it features a much too low
wealth concentration, cf. Table A.4. Second, it features far too much negative income
compared to the data, where there is essentially no negative income whatsoever. This
negative income occurs because some very rich households get unlucky and earn
negative returns. The baseline process almost entirely avoids this because households
can only transition up or down one state. Third, it features too low scale dependence,
measured as the difference between returns of the top and bottom 20%, cf. Table A 4.

The second specification is that there are 2 permanent returns, i.e., e}, = e} €
{ef s eﬁigh}. The values are pinned down by (i) having a mean of zero, and (ii)
matching the standard deviation of the baseline specification. This specification has
two main problems. First, it features too little wealth concentration as measured by
the top 1% wealth share, cf. Table A.4. Second—and in contrast with the AR(1)—it

features too much scale dependence.

The third specification is a schedule for returns. In particular, I set the idiosyncratic
returns process as a function of wealth: e}, = f(a;;_1). I choose this schedule to match
the schedule in the baseline model. By construction—and in contrast with the other
two specifications—it has a realistic degree of scale dependence. However, this comes
at the cost of too low a standard deviation of returns.

In addition to these returns processes, I also consider one additional change:
Correlated earnings and returns. This is motivated by the fact that there is empirical
evidence that returns and earnings are correlated in the data, see Daminato and
Pistaferri (2024). To add correlated returns, note that &, is the transition matrix for
e, while &, is the transition matrix for returns e},. The main specification obtains the

transition matrix for the joint process under the assumption of independence, i.e., as
opnd — o P,

Instead of doing this, I now use a Gaussian copula (Nielsen 2006) governed by a
single parameter, p € (—1,1), to make the two correlated, yielding a different ™. p
controls the degree of correlation, nesting the independent case, <™ = ®"d when
p = 0. Crucially, this method maintains the marginal distributions of both returns and

earnings. I set p = 0.5, which yields a correlation coefficient of 0.21 between earnings
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and returns. This specification performs reasonably, but has downsides compared to
the baseline. In particular, both the wealth concentration at the top and the 1st income
percentiles are slightly too small. More critically, the scale dependence—which is

already slightly large compared to the data—is even larger with correlated returns.

In conclusion, the baseline specification provides the best fit to the data. However,
let me emphasize that combining the different specifications would probably provide
the best fit and most realistic specification at the cost of parsimony and without

improving the fit much compared to the baseline specification.

Baseline AR(1) Permanent Schedule Correlated

Average return —1.3% —1.3% —1.3% 0.3% —1.3%
Std. dev. of returns 93%  9.3% 9.3% 1.6% 9.3%
Top 1% wealth share 33.1% 15.7% 13.6% 14.6% 31.8%
Scale dependence 49% —0.3% 9.4% 4.1% 6.2%
1st income percentile 0.03 —-1.27 0.18 0.18 —0.03

Table A.4: Alternative Returns Processes

Note: The table shows descriptive statistics from models with alternative returns processes. “Scale dependence” refers to the
difference in returns of the top 20% and bottom 20% in the wealth distribution.

B.6 Walras’ Law

In this appendix, I show that the goods market clearing condition in eq. (14) implies
asset market clearing. To start, note that aggregating households’ budget constraints

in eq. (4) yields
Ci+Ar=(1+7)A 1+ Zi + Tt — ;.
Inserting the government’s budget constraint in eq. (8) gives

Ct + At = (1 + ?ItZ)At—l + Zy + By — (1 + rt—l)Bt—l — Gt.

65



Using eq. (13) implies that
Cit+Ar=pt+Di + Zi + B — Gy
Using Dy = Y; — Z; yields
Ct+Ar=pt+ Y+ B — Gy
Goods market clearing in eq. (14) then implies that
Ay = pr + By,

which is exactly asset market clearing.
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C Appendix to Section 4
C.1 Returns Process

The idiosyncratic part of returns, e}, follows a discrete Markov chain with 7 grid
points. These are set as the median within 7 bins, yielding the grid points for ej,. The

ergodic distribution over these grid points, 77, is taken as the empirical distribution.

What remains to be specified is the transition matrix. I parametrize the transition
matrix as follows. For each of the 7 states, there is some probability of staying in
that state. Additionally, there is some probability of going up one state and the same
probability of going down one state. All other transitions have zero probability. If
I assumed that it was possible to jump multiple steps, some ultra-rich households
would suddenly earn a negative return. This would mean that they get (very) negative
income. This is at odds with the data, where essentially no households earn negative

income. With this specification, the transition matrix can be written as

pir 1—-p1 O 0 0 0 0
L p, B2 0 0 0 0
0 2 op BB oo 0 0
=0 0o LB p B 0 0
0 0 0 LB o LB
0o 0 0 0 S op L
0o 0 0 0 0 1-pr py

There is the following relationship between the transition matrix and the stationary
distribution,

< | —
1 T for 1=1,7

1—2 for i=2,3,4,56

TTi

pi =

for some parameter c satisfying

ey~ 7

0<c§min(nl,%,.. 7;6 )

Thus, a choice of ¢ and taking 7t from the data pins down the full transition matrix, ;.
c is closely related to the persistence of the process: As ¢ — 0, states are permanent.
For higher values of c, the probability of changing state is higher.

In Figure A.10, I consider varying c and reporting different statistics of the model.
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In particular, the figure shows absolute deviations of statistics in the model from their
data equivalent. As the figure shows, there is a trade-off between increasing and
decreasing c from its calibrated level in terms of the fit of the model: Increasing c
improves its fit to the income and wealth distribution Gini coefficients slightly, while
it hurts its fit to the top 0.1% share.

Top 0.1% share Income gini Wealth gini

o3 ——F—mm | o0

0.015
0.02

0.010

0.01
0.005

0.00 0.000
0.023 0.024 0.025 0.026 0.027 0.023 0.024 0.025 0.026 0.027 0.023 0.024 0.025 0.026 0.027
c c c

Figure A.10: Robustness of ¢

Note: The figure shows the absolute deviation of statistics in the model from their data counterparts as a function of c.

In Figure A.11, I consider measuring the riskiness of returns and their Sharpe ratio.
The left panel shows the conditional standard deviation of returns, ,/Var(el, | e}, ,),
by quintiles of wealth. This answers the question: Given what my return is this year,
what is the standard deviation of my returns next year? The second panel shows the
unconditional cross-sectional standard deviation of returns, ,/Var(el,), by quintiles
of wealth. This answers the question: What is the standard deviation of returns? Both
measures of riskiness of returns are increasing in wealth. Thus, richer households
have riskier returns. The third panel computes the Sharpe ratio in a way equivalent to
what I compute in the data, i.e., by dividing the average return by the cross-sectional
standard deviation of returns (the second panel). This is increasing in wealth. All
panels match the PSID data qualitatively. Crucially, this is untargeted.
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Figure A.11: Riskiness of Returns and Their Sharpe Ratios

Note: The figure shows (i) the conditional standard deviation of returns, (ii) the unconditional cross-sectional standard
deviation of returns, and (iii) the Sharpe ratios of returns. All three are computed by quintiles of wealth.

C.2 Stationarity

When adding heterogeneous returns to the otherwise standard incomplete markets
model, it is no longer trivial whether the distribution of households is stationary. For
this reason, I have verified that my calibration of the model is stationary. I have done
so using four different approaches, presented here.

1. I'have iterated on the distribution using the histogram method from various
different initial distributions and verified that the distribution converges to the
same one for all starting distributions.

2. Thave solved the model for different (i) maximum grid points in the asset grid
and (ii) number of grid points. In all cases, I have verified that the resulting
distributions are numerically indistinguishable. In particular, there exists some
asset level (around a;; = 10° independent of the asset grid) for which there is

(numerically indistinguishable from) zero probability mass above this level.

3. Benhabib et al. (2015) show that under certain conditions that ensure a stationary
wealth distribution, the wealth distribution asymptotically has a Pareto tail. I
have verified empirically that my model also has a Pareto tail, which points to a

stationary wealth distribution.

4. T have simulated panels of households and verified that the mean wealth al-
ways converges to and then fluctuates around the expectation of the stationary
distribution of wealth.
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C.3 Returns Pass-Through Functional Form Robustness

In this appendix, I consider different functional forms for the pass-through of average

to household returns, g/,. The baseline specification is

log {1+ (1+6)(1—06,"")2}
log(2 + 6p)

Bir =
I now consider the following four alternative specifications:

Bir = exp {00 [1 — exp(—b1a;—1)]},

B = :
i 1+ exp(Go — 91[11't_1)’
. (1 o gilit—l)z

P14 00(1 — 62

Ooair 1
1.’ = ex ! .
P P { 1+ (61ai-1)? }

where all are normalized to average to 1 in steady state. I estimate all five functional

forms and report the fit in Figure A.12.

2.5 Baseline -
—— Alternative 1 —_
—— Alternative 2
20 Alternative 3 "V T I
Alternative 4 %
15 I Data _ 1, J ®
1.0 _ - o
0.5
- 7
00 3 ——F [
' T It

0.0016 0.008 0.04 0.2 1 5 25
Wealth (relative to median)

Figure A.12: Robustness of Pass-Through of Average to Households” Returns by
Wealth

Note: The figure shows estimates of § from eq. (3) by wealth, a;;_1, for five different functional forms. The standard errors are
clustered by year. Ticks indicate 95% and 99% confidence intervals.

I report the impulse response of output, the top 0.1% income share due to monetary
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policy, and the objective function in Table A.5. I note that the baseline specification
has the best fit, which is why I chose it. However, all other functional forms have
good fits as well. Crucially, they all imply almost exactly identical responses, so my

results are very robust to the functional form of f,.

Model Output increase Top 0.1% income share Objective
Baseline 1.450% 10.67% 0.00013
Alternative 1 1.467% 10.62%  0.00033
Alternative 2 1.480% 10.59%  0.00043
Alternative 3 1.455% 10.65%  0.00022
Alternative 4 1.460% 10.64%  0.00022

Table A.5: Robustness

Note: The table shows the robustness of the results to changes in the functional form of },.

71



D Appendix to Section 5
D.1 Scale Dependence in the Model and the Data

As shown in Figure 9, returns are increasing in the level of wealth in both the model
with heterogeneous returns and the PSID data. This is untargeted in the model
and occurs endogenously. However, Figure 9 also shows that the returns in the
model are somewhat more increasing in wealth than in the data. There are three
reasons I consider this reasonable. First, measurement error in returns will make the
relationship look weaker in the data than it actually is. Second, if the relationship
between returns and wealth was weaker in the model, the fit to Figure 10 would be
worse. Third, the relationship between returns and wealth I find is weaker than most

other papers, as I show in Figure A.13.

8 Model
—— Bach et al. (2020)
—— Fagereng et al. (2020)
6 Xavier (2021)
—:E Data ‘/
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Wealth quintile

Figure A.13: Average Return by Wealth (Scale Dependence) In Model and Different
Data

Note: The figure shows the average return by quintiles of a;;_;. The papers are Bach et al. (2020), Fagereng et al. (2020), and
Xavier (2021).

D.2 Household Consumption Policy Functions

In this Appendix, I show how the policy functions for households depend on their

return. To be specific, the policy function for consumption in the ergodic steady state
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can be written as>?

cit = c(@it—1, €5, €p).-
Instead of plotting directly the policy functions, I plot a more easily interpretable
object: The MPC. I define the MPC as the marginal increase in consumption from a

marginal increase in cash-on-hand:

dc(aj—1, €5, el) 1
0t 1+ (1 —m7)rf’

Z s _
mpc;,(aj_1, €5, e};) =

The factor (14 (1 — 7)r%) ! simply adjusts for the factor that a unit increase in wealth
increases cash-on-hand not by a unit, but by 1 + (1 — 7;)r%,. This ensures that the
MPC is between 0 and 1.

I plot the MPC policy function in Figure A.14. In particular, I fix a value of ¢f, and
then plot consumption as a function of wealth for the 7 different values of ¢}, and the
corresponding returns. The figure shows that households with higher returns have
a much lower MPC, instead saving more of income windfalls. This is what creates

scale dependence.

32. The subscript ¢ refers to variables for households changing even in the ergodic steady state. Only
aggregate variables are fixed at their steady state values. This also explains why there is no subscript ¢
onc(-).
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Figure A.14: MPC Policy Functions

Note: The figure shows the MPC policy function in the ergodic steady state for the model with heterogeneous returns. In
particular, I fix a value of ¢7, and plot consumption as a function of wealth for different values of returns.

D.3 Lorenz Curves

Figures A.15-A.16 show the Lorenz curves for wealth, income, and earnings in the
model and the data.
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Figure A.15: Lorenz Curves for Wealth

Note: The figure shows the Lorenz curves of wealth in both models and the 2019 SCE.
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Income
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Figure A.16: Lorenz Curves for Income

Note: The figure shows the Lorenz curves of income in both models and the 2019 SCE.
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Figure A.17: Lorenz Curves for Earnings

Note: The figure shows the Lorenz curves of earnings in both models and the 2019 SCE.
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D.4 The Concentration of Household Variables

One feature of the distributions of household variables in the data is that they follow

an ordering of concentration. In particular:

g(cir) < glair) < g(xit), (18)

where ¢(-) denotes a measure of concentration (inequality) like the Gini index or the
Pareto tail index. Gaillard et al. (2023) study this in a standard heterogeneous agents
model with common returns and find that the tail index of all three variables is the

same, in contrast with the data.®®

How does my model perform regarding the ranking in (18)? To study this, I
report top shares of the three variables in Table A.6. I find that my model satisfies the
ranking: Consumption is the most equal, capital income is the least equal, and wealth

is somewhere in between.

Variable Top 5% Top 1% Top 0.1% Top 0.01%
Capital income  107% 71% 30% 11%
Wealth 61% 33% 13% 5%
Consumption 25% 10% 3% 1%

Table A.6: The Concentration of Household Variables

Note: The table shows top shares of selected household variables in the model with heterogeneous returns.

33. I do not consider earnings here, as it has a simple 7-point discrete distribution implied by the
Markov chain.
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E Appendix to Section 6

E.1 Additional IRFs to Monetary Policy

é Dividends (D) _ Firm equity price (pP) _ Bonds (B)

o S £ 005

S —— Het. 1 5 15 5

2 02 @» 9]

g Standard & &

[99) S 1.0 o)

g --- RANK & \ £ 000

s 0.1 =1 =

£ £ 05 \\ 2

=1 < <1

g ' =

= 00 5 0.0 8 —0.05

Z 0 2 4 6 0 2 4 6 0 2 4 6
A Years (t) Years (t) = Years (t)

E Inflation (7r) k= Nominal interest rate (i) 8 Taxes (7)

& 0.10 g 000 Z 00 —
X ’ /” 2 : \ ~

< P < = \ /

Z g 025 o \ /

= 0.05 = < —05 \\ /

S g —0.50 & \ /
£ £ e |\ /

g & —o7s £ \/

£ 000 ki £ 10V

& 0 2 4 6 5’ 0 2 4 6 % 0 2 4 6

Years (t) Years (t) A Years (t)

Figure A.18: Additional Aggregate Effects of Monetary Policy

Note: See Figure 13.

E.2 Understanding the Transmission of Monetary Policy

The fact that aggregate outcomes are different can hide a change in the transmission
of monetary policy. To see this, I now decompose consumption into the channels
through which monetary policy works. This decomposition is similar to the one in
Kaplan et al. (2018). The decomposition is in Proposition 2.

Proposition 2. Consider a monetary policy shock. The response of consumption is given by

_ r Z T X Cov a ai,—1
dC = Z\\_/Iﬂ + M*“dZ + M'dt + &j}g + M dCov(rZ,A_l),

1. Direct 2. Labor 3. Taxes 4. Revaluation ~ ~
5. Redistribution

where the M'’s are the Jacobians defined below and Xy = f @i, —1 di.

Proof. The sequence space consumption function can be written as

Cr = Ci({Zs}sZo {rs}520 {Ts )50 { Ts s2o)-
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Linearizing this in the sequence space gives

dC = g—;dz + gTidr” + g—SdT,
ignoring changes in lump-sum transfers, T, as I am considering a monetary policy
shock. The sequence Jacobians of this function are then the partial derivative of the
consumption function at time t with respect to one of the inputs at time s. These are
presented by the matrices g—g, gTCa, and g—f. Figure A.19 shows selected columns of
the sequence space Jacobians for Z; (the i-MPC matrix) and r{ for the model with

heterogeneous returns and the standard HANK model.

Jacobian w.r.t. labor income (Z) Jacobian w.r.t. returns (r?)
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Figure A.19: Sequence Space Jacobians of Household Problem

Note: The figure shows two columns (s = 5 and s = 15) of the sequence space Jacobians of the household problem for real labor
income and returns, i.e., dC;/9Zs and 0C;/dr{. It does so for both the model with heterogeneous returns and the standard
HANK model.

To proceed with the proof, note that
d7® = Ldr + 7,
where L is the lag operator and 1 = (1,0,0, . ..)". Note also that

drf = dr{ 4+ dCov <rft, fit-1 ) .
A

Combining these two expressions yields

dr® = Ldr + 1d7y — dCov (r?, ii’_l) ,
-1
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Inserting this into the consumption function yields

dC = — Ldr +—dZ+—d + —=—1dXy — =—dCov ’t’A
t—1

aC aC aC 1 aC aC a1
ora oZ ot Ags Ora ora '

Rewriting slightly and defining Jacobians, I arrive at the equation:

_ r Z T X Cov a aj,—1
dC = M'dyr + M7dZ + M'dt + M~7dXy + M dCov(rl,—),

1. Direct 2. Labor 3. Taxes 4. Revaluation N ~~
5. Redistribution
where

M = aa—rC;L

oC
MZ = g,
T
MX = A_SSW[’

C
MCOV = _ﬁ

]

I decompose the response of consumption, dCy, into these channels in the two
models in Table A.7. Consider first the standard model with common returns. In this
model, less than half of the response of consumption is driven by direct intertemporal
substitution (channel 1). This channel reflects household pushing consumption
forward in time and is the main channel operating in standard representative agent
models. The remaining effect on consumption is through indirect channels: Higher
labor income (channel 2), lower tax rates (channel 3), and higher capital income due
to a revaluation of wealth (channel 4). Kaplan et al. (2018) make the point that these
indirect channels are strong drivers of consumption in HANK models, which is also

the case here.
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Standard HANK Heterogeneous r*

1. Direct 0.73 1.35
2. Labor 0.18 0.15
3. Taxes 0.47 0.43
4. Revaluation 0.20 0.42
5. Redistribution 0.00 —0.88
Total 1.57 1.48

Table A.7: Decomposition of Consumption in Response to Monetary Policy

Note: The table shows a decomposition of the response of consumption on impact to the monetary policy shock in two models:
The standard HANK with common returns and the baseline HANK with heterogeneous returns.

Consider then the model with heterogeneous returns. Here, a new channel is
active: The redistribution channel (channel 5). The redistribution channel lowers
consumption. This happens because average returns change less. The left panel
of Figure A.20 shows this, plotting the average return. This also explains why the
direct and revaluation channels are stronger in Table A.7. For instance, the direct
effect says what would happen to consumption due to changes in the real interest
rate if there were no redistribution. In this counterfactual case, the average return
would change as much as with common returns, which implies a stronger effect
on consumption. Why does the average return change less? Because the shock
redistributes to households that are wealthier, so the average return cannot change as
much. The right panel of Figure A.20 shows this, reporting the change in returns for
the rich and the poor. I note that this is exactly consistent with the data in Figure 5.
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Figure A.20: The Effects of Monetary Policy on Returns Across Models and Wealth

Note: The left panel shows the impulse response function of the average return. The right panel shows impulse response
functions of returns for different wealth quintiles. The x-axis shows years after the shock.

Let me emphasize that the change in transmission with heterogeneous returns is
entirely due to },. To do so, I first consider the heterogeneous returns model with
common pass-through, i.e. 7, = 1, but still heterogeneous returns. Second, on the
other hand, I also consider a model where !, varies more strongly over the wealth
distribution. I do this by setting 8 = (0,0.5). This implies that g/, is ~ 0 for poor
households and much larger than the baseline specification for rich households. In

this sense, B, varies more strongly as a function of wealth. Figure A.21 shows this.
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Figure A.21: More Varied Pass-Through of Aggregate to Households’ Returns, 8,

Note: The x-axis shows the lagged asset distribution, while the y-axis shows g}, with # = (0,0.5) for households at these points

in the wealth distribution. See Figure 7. Ticks indicate 95% and 99% confidence intervals.
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Table A.8 shows the decomposition. The table shows a clear picture. First, with
B’ = 1, the decomposition is essentially identical to a model with common returns.
Second, with a more varied g}, the redistribution and direct channels—which take
opposite signs—are even stronger. On net, the redistribution channel overpowers, so
consumption is smaller than in the baseline model. This shows that g}, can change
the aggregate effects of monetary policy, though the difference between g}, for the

rich and poor empirically is not strong enough to do this in any significant way.

Common pass-through More varied B’

1. Direct 0.76 1.63
2. Labor 0.16 0.17
3. Taxes 0.43 0.47
4. Revaluation 0.21 0.65
5. Redistribution 0.00 —1.52
Total 1.56 1.39

Table A.8: Decomposition of Consumption in Response to Monetary Policy With
Different Pass-Through

Note: The table shows a decomposition of the response of consumption on impact to the monetary policy shock in two models:
A model with I, = 1 and a model with 6 = (0,0.5).

The takeaway is that the decomposition of the aggregate effects of monetary policy
with heterogeneous returns but common pass-through, i.e. g}, = 1, is almost identical

to the decomposition with common returns. On the other hand, when the variation in
it
is stronger, dragging consumption down. This case is only theoretically interesting

= 1 is made more drastic over the wealth distribution, the redistribution channel

and not empirically relevant, so I do not pursue it further.

E.3 Relation to Werning (2015)

Werning (2015) shows that the response of aggregate consumption to real interest
rate changes is identical in incomplete markets and complete markets models un-
der certain assumptions. The models in this paper have the same neutrality result
approximately, similar to Kaplan et al. (2018). However, the models in this paper
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(and Kaplan et al. 2018) do not satisfy this assumption exactly—even with common

returns.

I now consider simplifying my model such that it fits the setup in Werning (2015).
In particular, I start with the fully calibrated model with heterogeneous returns. I
then remove the government: 735 = Bss = Tss = 0, which also implies Ggs = 0. 1
also remove the heterogeneous pass-through: g, = g7, = 1. With this parametriza-
tion, I recalibrate B and r;. This gives me a simplified version of the model with
heterogeneous returns. I also consider a version of this simplified model without
heterogeneous returns by setting e}, = 0 and recalibrating . Additionally, I consider
a representative agent (RANK) version of the model, where consumption is described
by the standard Euler equation:

u'(Cr) = B +r)u' (Cegr).

Figure A.22 shows the response of consumption in all three models. Note first
that the response of consumption is completely identical in the standard HANK and
RANK models. This is exactly Werning (2015). Note additionally that consumption
in the heterogeneous returns model is almost the same, but not quite. The difference
is small enough not to be economically meaningful but large enough not to be an
artifact of the numerical solution.
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Figure A.22: IRFs to a Monetary Policy Shock in Simplified Models

Note: The figure shows impulse response functions to a 1 percentage point drop in the real interest rate in simplified versions of
three models. The x-axis shows years after the shock.
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To see the math, let ¢;; denote the consumption of household i at time ¢ in the
absence of the monetary policy shock, i.e., when aggregate variables are in steady
state. Werning (2015) shows that

where CRA is consumption in the RANK model faced with the same monetary policy
shock. This does not hold with heterogeneous returns. Instead, it holds that

G
Eit it C&A ’
where s;; is simply defined as the scaling factor such that this holds. Aggregate

consumption is then

RA
Ci= [ cudi = sit%c}t di = CF [ suciydi = CR [+ Cov(si, &),
where S; = [ s;di. Under which assumptions is C; = CRA? The assumptions in
Werning (2015) imply that s;; = 1 for all i and t. However, while s;; = 1 is sufficient, it is
not necessary. For instance, one obtains C; = CR” despite s;; # 1if both (i) S; = 1, and
(ii) Cov (s, ¢;t) = 0. This is (approximately) the case in the model with heterogeneous
returns. Intuitively, the consumption of households is affected differently by the
monetary policy shock, but the way it is affected is (almost) independent of initial

consumption, so all the changes wash out in the aggregate.

Figure A.23 illustrates this. The first row of the figure shows the change of con-
sumption across households for both the standard HANK model and the model with
heterogeneous returns. Each dot corresponds to one of the discretized states in the
model. In the standard HANK model, each household’s consumption rises in the
same proportion, i.e., s;; = 1 as in Werning (2015). In the model with heterogeneous
returns, there is a difference in how much consumption increases, with consumption
increases ranging from around 1.2% to 2.4%. This clearly shows that the Werning
(2015) result does not apply in the model with heterogeneous returns. However, the
figure also shows that the changes in consumption are (almost) uncorrelated with
the initial level of consumption. The second row makes this point, dividing the
distribution of consumption into 20 quantiles of 5%. In this case, consumption in-
creases by the same proportion for households at different points in the consumption
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distribution. In other words, Cov(s;;, &) = 0.
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Figure A.23: Heterogeneity in Consumption Response

Note: The figure shows the percent change in consumption to a monetary policy shock, 100( %: — 1), at different points in the
1

initial distribution of consumption in two models. The first row shows the response across all grid points. The second row

shows the average response within 20 groups based on the initial consumption level.

Table A.9 shows the decomposition of consumption in response to monetary
policy, like in Table A.7 in the models consistent with Werning (2015). The table
shows that the transmission of monetary policy is very similar in this version of the
model, consistent with Figures A.22 and A.23. Additionally, the channels are very
similar, which is in contrast with Table A.7. In particular, the redistribution is zero in
both models. This is because B}, = 1 in this version.
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Standard HANK Heterogeneous r*

1. Direct 0.65 0.68
2. Labor 0.23 0.33
3. Taxes 0.00 0.00
4. Revaluation 0.79 0.73
5. Redistribution 0.00 0.00
Total 1.67 1.73

Table A.9: Decomposition of Consumption in Response to Monetary Policy: Werning
(2015) Case

Note: The table shows a decomposition of the response of consumption on impact to the monetary policy shock in both models
adjusted to be consistent with Werning (2015).

E.4 Equivalent Shocks to Monetary Policy and Fiscal Policy

Let dYMP denote the response of output to the monetary policy shock. The response
to a government consumption shock is given by

oY

YFP _ =
a G

dG,

where g—é is the relevant sequence space general equilibrium Jacobian of output with
respect to government consumption. Setting dYMI' = dYT then gives

oY\ '
o (22) v

assuming that the inverse Jacobian exists. The same approach holds for a shock to
transfers. The shocks are shown in Figure A.24.
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Figure A.24: Fiscal Policy Shocks

Note: The figure shows fiscal policy shocks that induce the same response of output as the monetary policy shock in the model
with heterogeneous returns.

E.5 More Micro Effects
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Figure A.25: Distributions of Income Gains In Response To Monetary Policy In
Different Models

Note: The figure shows the composition of income generated by monetary policy on impact in two models: The standard
HANK model and the HANK model with heterogeneous returns. The plot is smoothed using a Savitzky-Golay filter to smooth
out kinks in the solution due to the discretization.

87



Heterogeneous r* Standard HANK !, =1

Transfers 60.3% 61.9% 60.4%
Gov. cons. 21.8% 27.6%  21.9%
Monetary policy 11.3% 171%  12.0%

Table A.10: Shares of Income Going to the Bottom 80% In Response

Note: The table shows the shares of income going to the bottom 80% on impact in response to the three different policies in the
model with heterogeneous returns but common returns pass-through, 8}, = 1. “Gov. cons.” is government consumption.

Transfers Government consumption Monetary policy

Consumption —3.5% 0.1% 0.6%

Income —2.1% 0.4% 1.5%

Table A.11: Effects of shocks on Gini

Note: The table shows the effects of different shocks on the Gini coefficients of different variables. In particular, the figure
reports the cumulative (over 6 years) percent change relative to the steady state in the Gini coefficient.

E.6 Income Shares Across Wealth Distribution

Figure A.26 decomposes the income sources from monetary policy along the wealth
distribution. Consider first monetary policy. For monetary policy, the bottom 80% of
the wealth distribution mainly benefit due to labor income and transfer income, which
increase due to general equilibrium effects. At the top of the wealth distribution, the
income gain is dominated by capital income, exactly as explained. For transfers and
government consumption, the income sources are much more stable along the income
distribution, with everyone mainly gaining from the main sources generated by the

shock, as shown in Table 4.
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Figure A.26: Income Composition of Policies for Different Households

Note: The figure shows the composition of income generated by different policies on impact along the wealth distribution (a;).

Figure A.27 shows the capital income share due to monetary policy across house-
holds in three different models.
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Figure A.27: Capital Income Shares of Monetary Policy In Different Models

Note: The figure shows the share of total income generated by monetary policy on impact due to capital income along the
wealth distribution (a;;) for three different models: (i) The model with heterogeneous returns, (ii) the standard HANK model,
and (iii) the model with heterogeneous returns but common pass-through, g, = 1.
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E.7 Comparison to the Empirical Literature

In this Appendix, I compare the distributional effects of monetary policy in my
model to the empirical literature. First, I compare to McKay and Wolf (2023a). They
estimate the effects of expansionary monetary policy on consumption across the
wealth distribution. They find no clear gradient of the consumption response across
the wealth distribution. Any gain at the top is largely due to stocks. I do a similar
exercise in Figure A.28. The shape of my figure is largely consistent with McKay and
Wolf (2023a) and also the model in McKay and Wolf (2023b). I have two takeaways
from this. First, my model is consistent with the literature on the consumption
response across the wealth distribution. Second, the flat consumption response on
impact across coarse buckets of the wealth distribution hides significant heterogeneity
in the gains of monetary policy in terms of both income and equivalent variations,
particularly at the very top.
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Figure A.28: Consumption Effect Across the Wealth Distribution

Note: The figure shows the percent change in consumption on impact across quintiles of the wealth distribution.

Next, I compare to Andersen et al. (2023), who study the effect of expansionary
monetary policy on households in Denmark. Their headline result is a clear income
gradient of monetary policy: Households with low income (poor households) lose
income, and households with high income (rich households) gain income relative to
the median income change. The two-year effects range from around a —2% change in
income for the poorest and around 4% for the richest, with the median effect being 0%
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by definition. I do a similar exercise in Figure A.29. The figure shows a clear income
gradient as in Andersen et al. (2023), so my model is broadly consistent with the data.

Change in income (%)

0%-20% 20%-40% 40%-60% 60%-80% 80%-100%
Income quintile

Figure A.29: Income Effect Across the Wealth Distribution

Note: The figure shows the percent change in income on impact across quintiles of the income distribution. The figure is
conditioned on income > 0.1Yj; to avoid dividing by income close to 0 when computing percent changes.

E.8 Robustness: Details

E.8.1 Physical Capital

Let me walk through the changes to the model when introducing capital. The produc-
tion function is now

Y; = ON}*K¥ 4,

where ® > 0 is a normalization constant chosen such that Y;s = Ny = 1, while

a € [0,1] is the capital share in production. The first order conditions for the firm
then read

1 Y, 1 Y
=—(1—a)— d =—
Wy P‘( oc)Nt and 7y «

where 7K is the real rental rate of capital. Capital is rented from capital firms. Capital

tirms maximize the discounted sum of profits, facing a virtual adjustment cost, subject
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to the law of motion for capital,
Ky =(1-90x)Ki1 + Iy,

where I; is investment and dx € [0, 1] is the depreciation rate. As shown in Druedahl
et al. (2025), this yields the following first-order conditions:

Iy Iy <P1< Iy )2 1 (It+1 ) <It+1>2
T+¢ (1) +2 (1 1) =0+ 1) (),
P (Itl )Itl 2 \It Q 1+”t¢1 Iy I

1
Qr = Tor [(1 —0k) Q41+ Vﬁl] ,

where ¢; > 0 controls the adjustment cost and Q; is Tobin’s Q. Profits from the capital
tirms are rebated to the final goods producers, so

Dt = Yt — tht — It.
Goods market clearing then finally reads
Yi =C+ G+ 1.

Iseta =1/3, 6x = 0.05, and ¢; = 9.6 following Auclert et al. (2020).

E.8.2 Long-Term Debt

I consider what happens if government bonds have a duration longer than 1 year. In
particular, the government issues a quantity of real bonds, B;, with real price, g;. The

budget constraint in eq. (8) is then modified to
q:B = (14 0q¢)Bi—1 + G + Ty — Tt (19)

The bonds are long, paying a unit coupon each period. They are exponentially
decaying with decay rate 6 € [0,1], cf. Auclert and Rognlie (2018) and Auclert et
al. (2020). I consider the case of long bonds because the literature emphasizes the

importance of this for the transmission of monetary policy, cf. Auclert (2019).

In addition to these changes, the definition of capital income in eq. (13) becomes

/r?tait_l di = Pt + Dt + (1 + 5qt)Bt—1 — At—l . (20)
—— ~ ~~
HH'’s capital income Capital income from bonds and equity
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Finally, asset market clearing reads
At = pr + q+By.

For the calibration, I set § = 0.8 as in Auclert et al. (2020) to match the average US
debt maturity of 5 years.

E.8.3 Nominal Debt
I now consider what happens if government bonds are nominal. In this case, the

government’s budget constraint in eq. (8) is modified to

1411
Bt = Bi 1+ G+ T — ;. 21
R t—1+ G+ 1y — J (21)

The definition of capital income in eq. (13) reads

14149
7 .
riaip1di = pr+ Di+ B 1—Ai1. (22)
/ i P 1+ m
N—— . ~ /
HH’s capital income Capital income from bonds and equity

E.8.4 Sticky Prices

I now consider what happens if the firm cannot set the price every period but instead
has sticky prices. In particular, firms set the price, P;, subject to quadratic adjustment
costs, with discount factor (1 + r;)~!. This yields the following new Keynesian
Phillips curve (NKPC) for inflation, 77y = P;/P;_1 — 1, which replaces eq. (7):

1 1 Y,
10g(1 + 7Tt) = KP ('(Ut — ﬁ) + mty——:l lOg(l + 7Tt+1).

Here, x” > 0 is the slope of the Phillips curve. Flexible prices are obtained as x” — co.
Iset k¥ = 0.23 as in Auclert et al. (2024b). Crucially, this implies ¥V < x such that
wages are more sticky than prices (Broer et al. 2020).

E.8.5 Parametrization

In addition to the model changes, I also consider three different parametrizations of
the model. First, I consider what happens when wages are more flexible: ¥V = 0.1
instead of ¥V = 0.03. Second, I consider the case of more liquidity being in the form
of government bonds: B/A = 50% instead of the baseline of B/A = 23%. This
implies a different markup, p, which is important. To see this, note that the gains of
the rich in the model with heterogeneous returns largely go through capital income.
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But what drives capital income in the model? And is the magnitude of the capital
income gains empirically realistic? The key to answering this question is Proposition
3, which decomposes the effects of aggregate shocks on capital income.

Proposition 3. The effect of an agqregate shock on capital income can be decomposed into

two components: The firm equity price and dividends. This decomposition can be written as

follows:
dxo = dpo + dDy. (23)
These components are given by:
Do="E" 1Yo,
"
1 -1 1 -1
Po = k- 1 K Yo+...

14 p T UEn)d+n) #

Third, I consider adding net borrowing to the model. This amounts to changing
the borrowing constraint from a;; > 0 to a;; > —0.25Y;. I chose 0.25Ys motivated by
Kaplan et al. (2018).
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F Appendix to Section 7
F1 Decomposing Equivalent Variations

In this Appendix, I decompose the equivalent variations in Figure 16. I do this by
noting that the equivalent variation of household i is (only) a function of the sequences
of aggregate inputs to the household problem and labor supply: r{, Z;, T;, 7;, and
N;. In general, a shock will change these sequences compared to the steady state,
resulting in the equivalent variations. To decompose this equivalent variation, I set all
sequences to their steady state values except one at a time. This gives the contribution
of that variable to the equivalent variation. Summing across all variables should
approximately equal the actual equivalent variation, but this does not hold precisely
due to non-linearities.

Figure A .30 shows the decompositions of the three shocks. The channels are as
follows: Revaluation (changing r{j), earnings (changing Z;), transfers (changing T}),
and everything else (changing N;, 7¢, and r{ for t > 0). The channels are as a share of
the total, i.e., they sum to 1.

Transfers Monetary policy

L ey
2

h )/
R 0

0.0

Revaluation

0.5 -1 Earnings
Transfers
—10 —2| —— Other

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Cumulative share of households by wealth Cumulative share of households by wealth

Share of EV due to channel

Figure A.30: Decomposition of Equivalent Variations

Note: The figure shows a decomposition of equivalent variations into channels in response to different shocks. The plot is
smoothed using a Savitzky-Golay filter to smooth out kinks in the solution due to the discretization.

E2 Estimation Details

In this Appendix, I present the estimation of the model. The point of this exercise
is simply to have some exogenous variation in business cycles that approximates
business cycles in the data for the policymaker to stabilize. To do so, I introduce three
shocks to the model:
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1. Markup shock. The markup, y, is replaced by u; = p + €}, where €} is a shock.

2. Risk premium shock. The no-arbitrage condition is replaced by

_ P11+ D
1+rn+eb’

p

I .
where €," is a shock.

3. NKWPC shock. The NKWPC is replaced by

)

)(1 — Tt)wt

1
+ () + e,

W Wy _ W
' (1+ 7)) =« (u’(Ct 11r

C .
where ef is a shock.

Let me briefly discuss why I chose these shocks. Essentially, these are all the standard
shocks in the model that make sense for my purpose. In particular, I rule out the
following types of shocks for my purpose that one could otherwise consider. I rule
out TFP shocks as they do not make much sense with linear production. I rule out any
policy shocks because the point is to set policy. I rule out shocks to preferences (like
discount factor or risk aversion shocks) because the point is to do a welfare analysis.

For estimation, I assume that each of the three shocks follow AR(1) processes with

IID normal innovations:
€ = peeiy e,
where €} ~ iidN(0,0?2). I estimate these parameters, i.e., I estimate the vector

0 = (p;u/ prp/ ppc/ U'y; U'rp, Upc)-

To do so, I use maximum likelihood estimation (MLE). In practice, I use the method
and software implementation provided in Auclert et al. (2021). I do this by assuming
a passive policymaker, i.e., by setting r = rs5, Gt = Ggs, and Ty = Tss. The question is
then: What parameters, 6, make the model produce a simulation most similar to the
data?

For the data, I use two time series for the US for 1950-2019: Consumption and
inflation. The data is from FRED and is as follows.

¢ Consumption. I start with FRED series “PCECCA”, which is annual real con-
sumption in chained dollars. To obtain dC;, I first estimate a regression of log
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consumption on (1, f, tz), where t is the year. I use the exponential of the pre-

dicted log consumption as the consumption trend. I then compute dC; as the

relative deviation of consumption from its trend.

¢ Inflation. I start with FRED series “A191RD3A086NBEA”, which is the annual

GDP implicit price deflator. I then calculate inflation as the percent change in

the price level. To obtain d7;, I demean this inflation series.

The time series are plotted in Figure A.31.
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Figure A.31: Data Time Series

Note: The figure shows de-trended consumption, dC;, and inflation, d7r¢, in the US. These are the time series used for estimating

the model.

The estimates are reported in Table A.12.

NKWPC, eP¢ Markup, e# Risk premium, €P
Ppe Opc Pu O Prp Orp
0.73 0.63 0.87 0.86 0.00 0.34

Table A.12: Estimation Results

Note: The table shows estimation results.

E3 Simulation Methodology

Consider simulating some variable, X;, for a time seriest =0, 1, ..

., T'—1,inresponse

to aggregate shocks. This could be consumption, consumption of the rich, labor, etc.
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To first order, the time series is given by

dX; =Y Y IRF, ¢ ..

j s=0

Here, j indexes the shock, s];, and IRF]-,S is the IRF of X; to a shock that occurred s
periods ago. I discard a burn-in period of length 1000. I first do this in a model where
monetary policy is used to stabilize consumption. I then do it in a model where
fiscal policy is used to stabilize consumption. Denote the IRFs in the two cases by
IRF%P and IRF}:E. Consider then the asymmetric policy where fiscal policy is used to
stabilize shocks that create recessions and monetary policy to stabilize shocks that
create booms. Thus,

AXDS = Z Z IRFT1(e)_, > 0)e]_, + Z Z IRFMPI(e)_, < 0)e]_,

The idea here is that positive shocks, eé > 0, create a recession. Technically, the

policymaker therefore does not respond to the recession itself, but to the shock that

creates the recession.>*

E4 Simulation Robustness

Version Heterogeneous r* Standard HANK

Cutoff = P80 1.62 pp. 1.55 pp.
Cutoff = P90 1.46 pp. 1.33 pp.
Cutoff = P95 1.29 pp. 1.10 pp.
Cutoff = P99 1.06 pp. 0.75 pp.

Table A.13: Difference of Welfare Gains For Poor and Rich

Note: The table shows the difference in the welfare gains between the poor and the rich in the case of asymmetric policy using
fiscal policy in recessions and monetary policy in booms. The rows refer to the percentile of wealth determining the cutoff
between rich and poor. The columns refer to the models.

34. The exception is the NKWPC shock, which does not affect output, so policy does nothing.
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E5 Simulation Results
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Figure A.32: Simulated Time Series

Note: The figure shows 200 periods of the simulated time series with an asymmetric policy using transfers to stabilize shocks
that create recessions and monetary policy to stabilize shocks that create booms.
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