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Abstract

What is the interaction of monetary policy and inequality? This is a key

question in the recent literature on HANK models. However, these models miss

two crucial aspects of the data: Wealth concentration at the top and strong co-

movement of returns for the rich with the aggregate. I build a HANK model with

heterogeneous returns to account for this. The model fits key microeconomic

moments that shape the distributional effects of monetary policy, in contrast with

standard models. In this model, the rich gain disproportionately from expan-

sionary monetary policy: The top 0.1% gain 11% of the income from monetary

policy—an order of magnitude more than standard and much more than fiscal

policy. Thus, I find that poor households prefer an asymmetric policy using fiscal

policy in recessions and monetary policy in booms. Policymakers concerned

about inequality should consider this when designing stabilization policies.
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1 Introduction

Who are the winners and losers from monetary policy? This is a central question in
macroeconomics, which has received renewed interest in the last 15 years, spawning
a new class of models: Heterogeneous Agent New Keynesian (HANK) models.
These models add heterogeneity to the workhorse New Keynesian model. This lets
researchers take inequality seriously and study its interaction with monetary policy.

However, these models severely understate wealth inequality, particularly at the
top: There are no households with more than around 30 million USD in wealth.
This is despite these households accounting for almost 40% of all wealth in the US.
Additionally, these models ignore an important source of heterogeneity by assuming
that everyone earns the same return on their wealth. This is at odds with the data,
where (i) returns are highly dispersed, (ii) richer households earn higher returns, and
(iii) the returns of the rich co-move more with the aggregate return.

For this reason, I build a HANK model with heterogeneous returns. To calibrate
the model, I construct a new panel dataset of returns across US households based on
the Panel Survey of Income Dynamics (PSID). The calibration matches all 3 aspects
of the distribution of returns in the data. Additionally, introducing heterogeneous
returns kills two birds with one stone by also creating significant wealth inequality.

Does this matter for the effects of monetary policy? Consider a central bank that
cuts the interest rate. In a standard model, households cut consumption, which boosts
labor income. It also boosts capital income because the interest rate is the discount
rate used to discount profits. In the model with heterogeneous returns, this income
disproportionately benefits the ultra-rich because (i) the ultra-rich are much richer
and (ii) the pass-through of returns to the rich is stronger. In particular, the top 0.1%
gain 11% of the income generated by monetary policy, which is an order of magnitude
more than in standard models. I show that this also holds from a welfare perspective
by computing equivalent variations. The stronger pass-through of returns to the rich
also creates a new redistribution channel of monetary policy.

Instead, fiscal policy is much more equal as it mostly boosts labor income. What
does this imply for policymakers? Consider an economy in a recession. Rich people
prefer stabilizing this using monetary policy, while poor people prefer fiscal policy.
But this is symmetric over the business cycle: Poor and rich households prefer
using the other policy in booms. For this reason, I study an asymmetric policy over the
business cycle, which stabilizes recessions with fiscal policy and booms with monetary
policy. I find that poor households prefer this policy by 3.4% of consumption.
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The key to these results is the heterogeneous returns. I add these to the model
by letting households’ returns follow a Markov chain that averages to the aggre-
gate 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 earnings
instead of returns in the HANK literature, so my approach can be seen as a natural
generalization.

I calibrate the returns to a panel data set of returns across US households for
2000 to 2018 in the PSID. A key advantage of this data compared to the literature—
including register-based data—is that households report their net investment into
assets. Without this, one risks biasing the estimates of returns. The data reveals strong
heterogeneity in returns. In particular, rich households earn higher returns, which
is well-known in the literature. I also 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 level of 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. Having used the PSID, I also turn to the Survey of Consumer Finances
(SCF) to validate my model out-of-sample. Here, I confirm the results from the PSID.

What do the heterogeneous returns imply for the fit of the model? I find that they
make the model match empirical distributions of returns, wealth, and income. This
is important not just for the sake of empiric realism, but because it matters for the
winners and losers of monetary policy. In particular, I show that 4 moments 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 moments are: (1) The wealth distribution,
(2) the income distribution, (3) the pass-through of aggregate returns to households’
returns, and (4) 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. I find that
the model with heterogeneous returns fits all 4 moments. Crucially, standard HANK
models do not fit these moments.

What is the mechanism that makes heterogeneous returns fit the microeconomic
data so well? The key is that returns are increasing in the level of wealth. This occurs
endogenously in the model with heterogeneous returns: Households who earn high
returns choose to save more. 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

3



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—or even the key moment—in the study
of business cycles and aggregate demand. Despite this, standard HANK models are
unable to simultaneously match a realistically high MPC. In particular, these models
face an MPC-wealth trade-off (Kaplan and Violante 2022): Replicate a high MPC at
the cost of wealth an order of magnitude less than in the data, or replicate the wealth
in the data at the cost of an MPC well outside the range of empirical estimates. In
the model with heterogeneous returns, one does not have to choose: It is possible
to replicate both a high MPC and a high level of wealth. This is the case because
of heterogeneity in returns: 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 microeconomic fit of the model, I study the transmission of
monetary policy to aggregate outcomes. To do so, I compare the aggregate outcomes
in the model with heterogeneous returns to a standard HANK model. I find that the
model with heterogeneous returns introduces a new redistribution channel: Because
returns pass through more strongly to the rich, the average return cannot change as
much, so consumption reacts less. However, the rich also react more strongly to a
given change in returns, so the total effect is similar to a standard model.

I then turn to the winners and losers of monetary policy. In particular, I ask the
question: 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 when monetary policy is
eased in the model with heterogeneous returns. 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.

Why do the rich gain so much when returns are heterogeneous? This is due to
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 discount rates on firm profits and indirectly through higher profits,
which are pro-cyclical. Due to replicating the microdata, the increase in capital income
almost entirely goes to the top of the wealth distribution. In the standard HANK
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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 interesting and intuitive, what households ulti-
mately care about is welfare. For this reason, I also 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 is the “correct” welfare measure, taking into account the full
dynamic path of the shocks. 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.

If the gains of monetary policy are so unevenly distributed, what should a policy-
maker do? Here, I study an asymmetric policy: Stabilizing shortfalls in demand with
transfers from the government and higher demand with tight monetary policy. I then
consider which households would prefer such a policy. I find that poor households
strongly prefer this: They would be willing to give up 3.4% of consumption to have
asymmetric policy instead of monetary policy. On the other hand, rich households
prefer monetary policy.

Ultimately, this highlights the role of taking seriously the fit to microeconomic
data in macroeconomic models. A policymaker who cares not only about aggregate
stabilization but also who gains from different policies should consider these effects.

1.1 Related Literature

My paper contributes to three strands of the literature. First, my paper contributes to
the literature on HANK models. Selected central papers in this literature are Kaplan
et al. (2018), Ferra et al. (2020), Auclert et al. (2024a), and Bayer et al. (2024). 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. My paper is particularly close to the seminal contribution of
Kaplan et al. (2018), who also study the effects of monetary policy in a HANK model
which takes the microeconomic data seriously. Compared to their paper, I have a
model with one asset instead of two. Instead, I have heterogeneous returns. This
addition does not introduce a new choice variable, so solving the household problem
is easy. Despite this, I still replicate a realistically high MPC, a realistically high level
of wealth, and the concentration of wealth at the top of the wealth distribution.

Second, my paper contributes to the literature on the distributional effects of
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policy shocks and, in particular, monetary policy. Key contributions include Coibion
et al. (2017), Holm et al. (2021), Andersen et al. (2023), and McKay and Wolf (2023a).
My contribution 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. Additionally, my contribution
is to emphasize the importance of the very top of the wealth distribution, say the top
0.1%. Empirical papers often distribute households into coarse buckets of 20% or
10%, missing the very top. Furthermore, empirical papers often use censored data,
completely missing the top of the wealth distribution.

Third, my paper contributes to the literature on heterogeneous returns and their
implications for economic theory. Heterogeneous returns are often used in household
finance. Key contributions include Benhabib et al. (2011), Benhabib et al. (2015),
Gabaix et al. (2016), Benhabib et al. (2017), Jones and Kim (2018), Xavier (2021),
Guvenen et al. (2023), and Daminato and Pistaferri (2024). This literature generally
emphasizes the importance of heterogeneous returns in shaping the distributions of
wealth, income, and their dynamics. The contribution of my paper is to embed this in
a HANK model and to study the implications for business cycle dynamics.1

2 Empirics

In this section, I present two key aspects of the microeconomic data that standard
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 a well-established fact that wealth is very concentrated among the very richest
households. For instance, the top 0.1% of households hold 14% of all wealth in the US.

1. 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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HANK models in the literature usually do not match this, as I discuss 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

log P(X > x) ∼ −α log x as x → ∞, (1)

where α 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, α, corresponds to more concentrated
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.

2.2 Return Heterogeneity

Having studied the concentration of wealth at the top, I now turn to the degree of
return heterogeneity. This is in contrast with standard HANK models, which feature
a common return for all households. To study heterogeneous returns, I take two
different approaches using two different datasets. First, I study return heterogeneity
in the Survey of Consumer Finances (SCF) by comparing the distributions of capital
income and wealth. Second, I directly construct a dataset of heterogeneous returns
across US households using the Panel Survey 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.

2.2.1 Capital Income in the SCF

I start by studying heterogeneous returns in the cross-section using the SCF for 2019.
The details of the data are provided in Appendix A.2. This approach requires neither
measuring returns directly nor a panel. The approach starts by computing shares of
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wealth and capital income. To do so, note that capital income is defined by

xi,t = ra
i,tai,t−1.

If returns are common across households, ra
i,t = ra

t , capital income can be written as
xi,t = ra

t ai,t−1. Consider now looking at the bottom p% of households in the wealth
distribution. Denote these households by i ∈ P. 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

S(a) = ∑i∈P ai

∑ ai
=

r ∑i∈P ai

r ∑ ai
=

∑i∈P xi

∑ xi
= S(x).

Intuitively, if returns are common, the share of wealth and capital income held by
the bottom x% is the same. If returns are heterogeneous, they can be different. This
allows me to test if returns are heterogeneous. Figure 1 plots this. In particular, the
figure 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.
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Figure 1: Shares of Wealth and Capital Income
Note: The figure shows the shares of wealth and capital income at different points in the distribution of households in the 2019
SCF. Households are sorted by their level of wealth. The x-axis shows the share of wealth held by the bottom x% of households,
while the y-axis shows the share of capital income held by the same group.
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Figure 1 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) makes 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) finds 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 in the SCF, I now take a different approach:
Constructing data on heterogeneous returns directly using panel data. In particular,
I use the PSID conducted from 1999 to 2019.2 The panel is biennial, and the unit of
measurement is households. I present the data in detail in Appendix A.3.3

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

ra
i,t =

yi,t

ai,t−1
, (2)

where ai,t−1 is wealth and yi,t 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, yi,t, can be split into 8 sources: Trust fund and royalties, interest,

2. The resulting data for is every other year from 2000 to 2018, see Appendix A.3.1.
3. 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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dividends, primary housing, other housing, businesses, stocks, and other. I discuss
how I measure these in Appendix A.3.3. The total wealth, ai,t, can be split into 8
asset categories: Primary housing, other housing, business, stocks, private annuities
or IRAs, checking/savings accounts, vehicles, and other assets. I discuss these in
Appendix A.3.4.

I annualize the returns from the biennial panel. Thus, the resulting measure of
returns is pre-tax annual returns. For wealth, I normalize by the average level of wealth
in the year. I report descriptive statistics of the dataset in Appendix A.3.5

Having constructed a dataset of heterogeneous returns, I start by plotting a his-
togram of these in Figure 2. As the figure shows, there is significant dispersion in
returns. In particular, the standard deviation of returns is 14 pp. 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 Appendix A.3.6, implying that there is significant heterogeneity in returns within
asset categories.
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Figure 2: Distribution of Returns
Note: The figure shows a histogram of the returns of US households in the dataset constructed from the PSID.
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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:

ra
i,t = α(q) + β(q)ra

t + ε
(q)
i,t , (3)

where ra
t is the average returns across households in year t. This is very similar to the

idea of measuring the “β” 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 such an exercise for
returns.

Figure 3 plots the estimated β’s by quintiles of 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 non-existent for the poorest 20%
households, while it is greater than 1-for-1 for the richest 40%.
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Figure 3: Pass-Through of Average to Households’ Returns by Wealth Quintiles
Note: The figure shows estimates of β from eq. (3) by quintiles of wealth, ai,t−1. The standard errors are clustered by household.

How robust are the results in Figure 3? I consider robustness of this in Appendix
A.4. I find that the results are robust: The returns change more for wealthier house-
holds than for poor households when the average return changes. Additionally, I find
that the results are robust to clustering the standard errors by year.

In addition to Figure 3, I plot the time series of returns for the bottom 20% and
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top 20% as well as the average return in Figure 4. 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.
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Figure 4: Time Series of Average Returns
Note: The figure shows a time series of average returns based on the PSID data.

What could be driving the different exposure of household levels to the aggregate
returns found in Figures 3 and 4? Appendix A.5 explores this. The appendix shows
that wealthier households (i) hold riskier assets but (ii) still earn a higher return
adjusted for risk.

Motivated by this, I explore a different approach to measuring the co-movement
of returns by wealth and the average return in Appendix A.6. Here, I use portfolio
shares in the SCF and aggregate returns measured by Jordà 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
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.
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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 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 heteroge-
neous returns in the New Keynesian framework. This amounts to changing both the
asset demand and supply sides. Let me describe each component in more detail.

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,
(ci,t)

∞
t=0, and wealth, (ai,t)

∞
t=0, to maximize

E0

∞

∑
t=0

βt [u(ci,t)− v(ni,t)] ,

where u and v are the instantaneous utility of consumption and the disutility of labor
supply, respectively. β ∈ [0, 1] is the common discount factor for all households.
I give the recursive formulation of the problem in Appendix B.1. Labor supply is
identical for all households and is not chosen directly by the households, ni,t = Nt.
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:

u(c) =
c1−σ

1 − σ
,

where σ > 0 is the inverse elasticity of intertemporal substitution and u(c) = log c
when σ = 1. Each household is subject to a budget constraint in every period:

ci,t + ai,t = (1 + ra
i,t)ai,t−1 + zi,t + Tt − ti,t, (4)

where ra
i,t are the heterogeneous returns, zi,t is the real pre-tax labor earnings, Tt is

lump-sum transfers, and ti,t 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. Proposition 1 does so.
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Proposition 1. Consider an aggregate shock affecting returns and labor income. The share of
income generated by this shock going to household i on impact is

dψi

dΨ
= αz

zi

Z
d log zi

d log Z
+ (1 − αz)

ai,−1

A−1

dra
i

dr̃a , (5)

where αz = dZ/dΨ is the labor share of MP, ψi,t = ra
i,tai,t−1 + zi,t + Tt − ti,t is income, and

r̃a =
∫

ra
i ai,−1/A di and Z =

∫
zi di are aggregate returns and earnings.

Proof. See Appendix B.2.

This shows that one aggregate moment and four micro moments determine the
distribution of income generated by shocks such as monetary policy. The aggregate
moment is the capital income share, 1 − αz, which motivates focusing on this quantity.
The four micro moments in the sufficient statistics decomposition are: The wealth
distribution, ai,−1, the labor income distribution, zi, and the pass-through of aggre-
gates to these, βz

i and βr
i . For this reason, I emphasize these moments 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, zi,t, depends on an idiosyncratic component and an
aggregate component,

zi,t = ez
i,tZss + ez

i,tβ
z
i,t(Zt − Zss).

where
∫

ez
i,t di = 1 and

∫
ez

i,tβ
z
i,t di = 1 such that Zt is the average earnings. The

idiosyncratic component of earnings follows a Markov chain:

ez
i,t ∼ Markov(Sz,Pz)

where Sz is the state space and Pz is the transition matrix. βz
i,t measures the elasticity

of households’ earnings to aggregate earnings, i.e., the “worker-β” in the style of
Guvenen et al. (2017), cf. Appendix B.3. It is calibrated to empirical evidence in
Section 4. βz

i,t = 1 nests the standard specification of zi,t = ez
i,tZt.4

The return on wealth, ra
i,t, has idiosyncratic and aggregate components,

ra
i,t = ra

ss + er
i,t + βr

i,t(r
a
t − ra

ss), (6)

4. In this case, the pass-through is common: ∂ log zi,t/∂ log Zt = 1.
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where
∫

er
i,t di = 0 and

∫
βr

i,t di = 1 such that ra
t is the average return. The idiosyncratic

component follows a Markov chain

er
i,t ∼ Markov(Sr,Pr)

where Sr is the state space and Pr is the transition matrix. Thus, the return on wealth is
heterogeneous across households due to the randomness in er

i,t. 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. βr

i,t controls the pass-through of aggregate to
households’ returns. I specify the functional form of this in the calibration. A relevant
special case is equal pass-through, i.e., βr

i,t = 1 for all i and t.

Households are taxed on both capital and labor income at rate τ:

ti,t = τt
(
ra

i,tai,t−1 + zi,t
)

.

Finally, households are subject to a borrowing constraint:

ai,t ≥ 0.

In this paper, I will focus on the case with heterogeneous returns, i.e., er
i,t ̸= 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, er

i,t = 0 and βr
i,t = 1,

and the pass-through to earnings is βz
i,t = 1 for everyone.

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 Yt using labor Nt with constant returns to scale, Yt = Nt. They
sell this output to households at price Pt and pay households a wage rate Wt for their
labor, such that real labor income is Zt = wtNt, where wt = Wt/Pt is the real wage
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rate. Firms set prices flexibly, Pt, at a markup, µ ≥ 1, over marginal costs:

Pt = µWt. (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 pt.

3.2.2 Government

The government issues real bonds, Bt, which pay real interest rate rt. It uses the bonds
and taxes, Tt, to finance government consumption, Gt, and lump-sum transfers to
households, Tt, such that the real budget constraint is

Bt = (1 + rt−1)Bt−1 + Gt + Tt −Tt. (8)

where tax receipts are Tt =
∫
ti,t 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, τt, adjusts to ensure that

Bt = Bss + ϕB(Bt−1 − 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., limt→∞ Bt = Bss, where “ss” indicates the
steady state of the model.

3.2.3 Central Bank

The central bank sets the real interest rate directly:

rt = rss + εt, (10)
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where εt is a monetary policy shock.5 The nominal interest rate is then

it = (1 + rt)(1 + πt+1)− 1,

where πt = Pt/Pt−1 − 1 is 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
curve (NKWPC) as in Auclert et al. (2024b):

πW
t (1 + πW

t ) = κW
(

v′(Nt)

u′(Ct)(1 − τt)wt
− 1

)
+

1
1 + rt

πW
t+1(1 + πW

t+1), (11)

This NKWPC is written in such a way that heterogeneity does not matter directly as
is common in the HANK literature.6 v(Nt) = γN1+1/ϕ

t is the disutility of labor with
ϕ > 0 measuring the Frisch elasticity of labor supply and γ being a scalar parameter.

3.2.5 Asset Supply

Households do not have a portfolio choice but instead choose overall savings, ai,t,
with return ra

i,t. The savings reflect two assets in the economy: Firm equity and
government bonds. These two assets pay the same return along the perfect foresight
transition path.7 These returns are paid out to households each period 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

5. This is equivalent to a Taylor rule, it = iss + ϕππt + ε
Taylor
t , with a certain monetary policy shock.

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

7. The exception is on impact, t = 0, where the shock causes an unexpected revaluation of assets.
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capital income in the economy:8∫
ra

i,tai,t−1 di︸ ︷︷ ︸
HH’s capital income

= pt + Dt + (1 + rt−1)Bt−1 − At−1︸ ︷︷ ︸
Capital income from bonds and equity

. (12)

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.

Additionally, there is a no-arbitrage condition between government bonds and
firm equity, such that the ex-ante expected returns are equalized:

pt+1 + Dt+1

pt
− 1 = rt, (13)

where rt is the ex-ante short-term real interest rate.

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

r̃a
t =

∫
ra

i,tai,t−1 di
At−1

,

where At =
∫

ai,t−1 di. Note that the wealth-weighted average return generally differs
from the average return since

r̃a
t = ra

t + Cov
(

ra
i,t,

ai,t−1

At−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.9 Intuitively, if rich house-
holds earn higher returns, i.e., Cov

(
ra

i,t,
ai,t−1
At−1

)
> 0, the wealth-weighted average

return is higher. In the case of common returns, the wealth-weighted average return
and average return are identical, r̃a

t = ra
t , since Cov

(
ra

i,t,
ai,t−1
At−1

)
= 0 as ra

i,t = ra
t .

8. 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.

9. 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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3.2.6 Market Clearing

Final output is consumed by households and the government,

Yt = Ct + Gt, (14)

where private consumption is aggregated over households, Ct =
∫

ci,t di. Asset
market clearing, At =

∫
ai,t di = pt + Bt, follows by Walras’ law, cf. Appendix B.4.

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.

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, ra

ss, the state
space, Sr, and the transition matrix, Pr. Let me go through each.

I simply calibrate the average return, ra
ss, to the average return in the data.10 I then

calibrate the idiosyncratic component of returns, er
i,t. This process is controlled by the

state space, Sr, and the transition matrix, Pr. 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.11 I 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 5.

Next, I turn to the transition matrix. I make the following assumption: Households
either stay in their current state, increase one state, or drop one state. Additionally, the

10. Note here that the return in the data is computed conditional on ai,t−1 > 0. Otherwise, the
numerator in the formula for returns is zero. Thus, I set ra

ss such that the average return in the model,
conditional on positive wealth, is the same as in the data.

11. I estimate ra
i,t = γi + γt + βDi,t + εi,t, where Di,t is a vector of age dummies and εi,t is the residual.
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Figure 5: Histogram of the Returns in the Model
Note: The figure shows a histogram of the cross-sectional distribution of heterogeneous returns, ra

i,t, in the model with
heterogeneous returns.

probability of changing state is the same whether going up or down. Thus, there are
7 free parameters in the transition matrix. After matching the stationary distribution,
this leaves one degree of freedom. I use this degree of freedom to match the number
of billionaires in the US. I discuss the returns process in more detail in Appendix C.1.

Finally, I specify a functional form of βr
i,t to match the pass-through of average to

households’ returns in the data. 12 In particular, I set

βr
i,t =

2
1 + exp{θ0 − θ1ai,t−1}

and θ̂ = arg min
θ

1
G

G

∑
g=1

∣∣βg
data − β

g
model

∣∣ .

I estimate θ̂ = (1.83, 32.56)′, with the resulting fit shown in Figure 6.13

12. I normalize this such that
∫

βr
i,ss di = 1. Technically,

∫
βr

i,t di = 1 and
∫

ra
i,t di = ra

t only holds
approximately away from the steady state, though the difference is negligible in practice.

13. Whenever comparing the model to the returns data, I do not condition on positive wealth. If I did
this, the model-implied βr

i,t would tend to be higher than in the data, because
∫

βr
i,t di = 1 is computed

over all households, not just the ones with ai,t−1 > 0.
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Figure 6: Pass-Through of Aggregate to Households’ Returns, βr
i,t

Note: The x-axis shows quintiles of ai,−1, while the y-axis shows βr
i,t for households at these points in the wealth distribution.

4.2 The Rest of the Model

I calibrate the model to match the US economy in 2019. The calibration is annual. For
the household side, I mainly use the 2019 edition of the SCF.14 I start by presenting
the internally calibrated parameters other than those in 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

∫
ai,ss di/Y = 447% di, which yields β = 0.933. I let

the earnings process be an AR(1) in logs, which is discretized using the Rouwenhorst
method. I calibrate to an autocorrelation of log earnings to ρz = 0.91 as in Floden
and Lindé (2001). I calibrate the standard deviation of log earnings to match the
earnings share of the bottom 80%. This yields σz = 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 τ = 0.39, slightly
higher than the estimates in Barro and Redlick (2011). Finally, I calibrate the markup
such that the supply of assets matches the demand for assets, yielding µ = 1.30.

Next, I present the externally calibrated parameters, i.e., the parameters set to

14. The data follows Kuhn and Rios-Rull (2016) updated to the 2019 SCF.
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Description Value Target Source

β Discount factor 0.933
∫

ai,ss di/Y = 4.47 SCF 2019

ra Average return 1.1% E[ra
i,t | ai,t−1 > 0] PSID

T Transfers 0.17 T/Income = 14% SCF 2019

B Government bonds 1.05 B/Y = 105% US OMB

τ Tax rate 0.39 G/Y = 17.6% US BEA

µ Markup 1.30 A/Y = 447% SCF 2019

c Return mobility parameter 0.026 788 billionaires Forbes

σz Log earnings std. dev. 0.561 Bot. 80% earnings = 34.9% SCF 2019

ρz Log earnings persistence 0.91 Floden and Lindé (2001)

σ CRRA 1 Kaplan et al. (2018)

ϕB Tax adjustment speed 0.9 Auclert et al. (2024a)

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

Table 1: Calibration
Note: Total household income is given by Incomet = Zt +

∫
ra

i,tai,t−1 di + Tt.

values from the literature. Here, I set a CRRA of σ = 1, i.e., I consider log utility, which
is standard. I set the tax adjustment speed to ϕB = 0.9 as in Auclert et al. (2024a). I set
the slope of the Phillips curve, κW , in accordance with Auclert et al. (2024b).

Finally, let me discuss the calibration of βz
i,t: The pass-through of aggregate earn-

ings to households’ earnings. For this purpose, I calibrate to the “worker β’s” from
Guvenen et al. (2017). In particular, I set βz

i,t as a function of zi,t. The details are in Ap-
pendix B.3. The result is given in Figure 7. 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.

In the rest of the paper, I will compare the model with heterogeneous returns to
the 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 er

i,t = 0 and βr
i,t = 1 to get common returns and βz

i,t = 1 to
get a common earnings pass-through. Finally, I consider permanent discount factor
heterogeneity: Half of all households have a discount factor β, while the other half
have a discount factor β. The first discount factor is set to match asset demand—as
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Figure 7: Pass-Through of Average to Households’ Earnings by Earnings, βz
i,t

Note: The figure shows the log pass-through of Zt to zi,t by values of zi,t.

in the model with heterogeneous returns. The other discount factor is set to match
the same average 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).

Introducing heterogeneous returns makes solving the model non-standard. I
discuss how I solve the model in Appendix C.2.

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
since the former explains the latter.

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
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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 8 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.
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Figure 8: Average Return by Wealth (Scale Dependence)
Note: The figure shows the average return by quintiles of ai,t−1/at,1, where at is the average wealth in year t.

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
wealth comes about as a result of household decisions: If households earn higher
returns, they choose to save more, creating the relationship in Figure 8. I study this
further in Appendix D.1, 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 9 shows the equivalent of Figure 1 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 19% of capital income. In contrast, the model with heterogeneous returns fits the
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data well due to heterogeneity in returns and the scale dependence of returns.
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Figure 9: 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
SCF and the two models. Households are sorted by their level of wealth. The x-axis shows the share of wealth held by the
bottom x% of households, while the y-axis shows the share of capital income held by the same group.

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 10.
Importantly, if wealth is Pareto-distributed, this plot should look like a line according
to eq. (1), as I discussed in Section 2.1.

Let me start by testing if standard models fit the right tail of the wealth distribution.
To do so, I start with the most promising model from the literature, which is the two-
asset model of Kaplan et al. (2018). Despite providing a better fit to the top than
the other models in the literature, this model does not match the right tail. Figure
10 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 10, 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
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Figure 10: Wealth Concentration at the Top
Note: The figure shows the distribution of wealth in the two models. 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).

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 33% in both models. In Appendix D.2, 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.3 compares the concentration
of wealth, consumption, and capital income.

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 marginal propensity to consume (MPC) at
the same time it matches a realistically 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” tradeoff of Kaplan and Violante (2022). The intuition for this
trade-off is straightforward: A high MPC is achieved by having a realistic amount 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 11. Figure 11 recalibrates the model for different levels of

26



Moment Heterogeneous ra Standard HANK Data

Top 20% share 90% 83% 87%

Top 10% share 76% 61% 76%

Top 1% share 33% 13% 37%

Top 0.1% share 13% 2% 14%

No. of billionaires 788 0 788

Top 0.0006% cutoff (mil. USD) 992 27 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.

variation in returns.15 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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Figure 11: 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 due to changes in Var(ra

i,t).

The intuition follows from the considerations regarding the wealth distribution.

15. In particular, I multiply the return grid, Sr, by some varying factor, and keep all other parameters
fixed, except β 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 there are some ultra-
rich households 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 such as output. Next, I focus on the distribu-
tional effects, i.e., the effect on households’ outcomes such as income for different
households.

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 12. IRFs for additional variables are given in Appendix E.1.

Figure 12 shows that the effects of monetary policy are very similar in the model
with heterogeneous returns compared to the model with common returns. Why is
this? In some sense, this is not surprising: Whether households are ultra-rich or just
“rich”, they behave almost according to the permanent income hypothesis. Thus,
changing the wealth distribution such that wealth is more concentrated among the
ultra-rich instead of the less—as the model with heterogeneous returns does—does
not drastically change the transmission of monetary policy.

The fact that aggregate outcomes are different does hide a significant change in
the transmission of monetary policy. To see this, I now decompose consumption into
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Figure 12: 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.

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

dC = Mrdr︸ ︷︷ ︸
1. Direct

+ MZdZ︸ ︷︷ ︸
2. Labor

+ Mτdτ︸ ︷︷ ︸
3. Taxes

+ MXdX0︸ ︷︷ ︸
4. Revaluation

+ MCovdCov
(

ra
i ,

ai,−1

A−1

)
︸ ︷︷ ︸

5. Redistribution

,

where the M’s are the Jacobians defined in Appendix E.2 and X0 =
∫

ra
i,0ai,ss di.

Proof. See Appendix E.2.

I decompose the response of consumption, dC0, into these channels in the two
models in Table 3. 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) makes the point that these
indirect channels are strong drivers of consumption in HANK models, which is also
the case here.

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
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Heterogeneous ra Standard HANK

1. Direct 1.09 0.71

2. Labor 0.13 0.15

3. Taxes 0.40 0.42

4. Revaluation 0.35 0.22

5. Redistribution −0.51 0.00

Total 1.47 1.50

Table 3: 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.

Figure 13 shows this, plotting the average return. This also explains why the direct
and revaluation channels are stronger in Table 3. 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 13 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 4.
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Figure 13: 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
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is entirely due to βr
i,t. I show this in Appendix E.3. The takeaway is that the decom-

position of the aggregate effects of monetary policy with heterogeneous returns but
common pass-through, i.e. βr

i,t = 1, is almost identical to the decomposition with
common returns. On the other hand, when the variation in βr

i,t = 1 is made more
drastic over the wealth distribution, the redistribution channel is stronger, dragging
consumption down. This case is only theoretically interesting and not empirically
relevant, so I do not pursue it further.

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. (13) implies that
the price of firm equity is the discounted sum of future dividends:

pt =
∞

∑
t=0

Dt+1

1 + rt
.

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. There is also an indirect effect through dividends: Higher economic
activity implies higher dividends.16 This follows from the fact that wages are more
rigid than prices and is consistent with empirical evidence. This then makes the
indirect effect of monetary policy on asset prices clear: Expansionary monetary policy
increases output and hence dividends, boosting asset prices.

In Appendix E.4, I compare my models to the benchmark result from Werning
(2015), who shows that monetary policy has the same effects on consumption with
heterogeneous agents as in a representative agent model under certain assumptions.
This result does not hold in my model with or without heterogeneous returns. How-
ever, when making certain assumptions, it does hold when comparing the model
with common returns to a representative agent model. However—even under these
assumptions—the Werning (2015) still does not hold in the model with heterogeneous
returns, which has different effects of monetary policy compared to a model with
common returns and a representative agent model, cf. Appendix E.4

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,

16. This can be seen clearly from the fact that dividends are Dt =
µ−1

µ Yt.
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Gt, and transfers, Tt. For both these shocks, I consider paths that yield an identical
effect on output in the model with heterogeneous returns.17 Appendix E.5 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.

0 1 2 3 4 5 6
Years (t)

0.00

0.25

0.50

0.75

1.00

1.25

1.50

D
ev

ia
ti

on
of

Y
fr

om
SS

(%
)

Response of Y to G-shock

Standard HANK
Heterogeneous ra

0 1 2 3 4 5 6
Years (t)

0.00

0.25

0.50

0.75

1.00

1.25

Response of Y to T-shock

Figure 14: The Aggregate Effects of Fiscal Policy
Note: The figure shows impulse response functions of output to fiscal policy shocks.

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.

17. I use these shocks in both models to compare the effects of the same shock on output. Otherwise,
any shock would, by construction, give (almost) the exact same response of output in both models
because the response of output to monetary policy is so similar, as shown in Figure 12.
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In Table 4, 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, 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 1.6% and
4.8%, 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%.

Heterogeneous ra Standard HANK

Transfers 1.0% 0.4%

Government consumption 3.7% 1.0%

Monetary policy 10.8% 1.7%

Table 4: Shares of Income Going to the Top 0.1% After a Monetary Policy Shock
Note: The table shows the shares of income going to the top 0.1% on impact in response to the three different policies in the two
models.

Next, I generalize Table 4 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 x% of the increase in income. As an example, the bottom 50%
get around 30% 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 50% get almost 10% of the
income generated. Consistent with Table 4, monetary policy is by far the least equal
policy, with the bottom 50% getting essentially no income or even losing income.

Why is this? The key thing to understand is that monetary policy implies a positive
revaluation of wealth, dra

0 > 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, ai,ssra

i,0. This approximation certainly holds
well for the top 0.1%. Top wealth is much larger in the model with heterogeneous
returns than in the standard HANK model, so gains from higher asset prices are much
higher at the top of the wealth distribution. 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 4.
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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.

What explains the first two rows in Table 4, 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 5. Table 5 splits the
aggregate change of income into the three sources: Labor income, zi,t, capital income,
xi,t ≡ ra

i,tai,t−1, and government income, ωi,t ≡ Tt − ti,t. The budget constraint is then
simply ci,t + ai,t = ai,t−1 + ψi,t, where ψi,t ≡ xi,t + zi,t + ωi,t is total income.

Table 5 shows each of the three income sources for each of the three policies. The
table shows that transfers mostly generate government income because it is gov-
ernment income, while government consumption mostly generates labor income:
This is because the government buys goods and firms have to pay households to
produce these goods. Furthermore, monetary policy mainly generates capital in-
come, as expected. In Appendix E.6, I perform this decomposition along the wealth
distribution.

One might ask if the distributional effects I find are consistent with the empirical
literature outside the top of the wealth distribution. I do so in Appendix E.7. I find
that the results are broadly consistent. However, due to the discussed data limitations,
they do not capture what happens at the very top of the wealth distribution.

34



Capital share Labor share Gov. share

Transfers 7% 23% 70%

Government consumption 29% 71% 0%

Monetary policy 84% 16% 0%

Table 5: Income Composition of Different Policies
Note: The table shows the composition of income generated by different policies on impact.

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 debt, considering
nominal debt, adding capital to the model, and parameterizing 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 6. 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 less capital income from holding
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 1.46% 10.8%

Capital 1.34% 13.6%

Long debt 1.51% 11.0%

Nominal debt 1.47% 10.7%

Sticky prices 1.46% 10.7%

More flexible wages 1.46% 10.8%

More bonds 1.51% 8.7%

Table 6: 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 a step to understanding the welfare effects,
the income effects do not necessarily translate one-for-one 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 afterwards. Whether house-
holds 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 ap-
proach from Bardóczy and Velásquez-Giraldo (2024). Let Vss(ei, ai) denote the value
function at state (ei, ai) in steady state. Consider then an unexpected aggregate shock.
Denote the value function after this shock by V∗(ei, ai). The equivalent variation, evi,
then solves18

V∗(ei, ai) = Vss

(
ei, ai +

evi

1 + (1 − τ)ri

)
.

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,
evi > 0, indicate that the household needs to be compensated not to face the shock,
i.e., that the household likes the shock.

Figure 16 shows the equivalent variation of the three shocks considered in this
paper by quintiles of the wealth distribution. The figure shows that rich people prefer
monetary policy, while poor households prefer transfers. Government consumption
is more equal across the distribution.

In addition to Figure 16, it is possible to re-create Figure 15 showing income shares
by now showing equivalent variations instead. Figure 17 does exactly this. There are
two takeaways from this figure. First, the figure confirms exactly the takeaways from
Figure 16. Second, the figure has essentially the same takeaways as Figure 15 based
on income, just less pronounced. The reason the equivalent variations of monetary
policy are less unevenly distributed than income on impact is exactly because the
equivalent variations take into account the future drops in income. Actually, the

18. I divide by 1 + (1 − τ)ri since increasing wealth by x increases cash-on-hand by (1 + (1 − τ)ri)x.
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Figure 16: Equivalent Variations of Shocks By Wealth
Note: The figure shows the equivalent variation of different shocks by quintiles of the wealth distribution.

differences in how unevenly shocks are distributed are even more pronounced when
looking at equivalent variations—all shocks are just less unevenly distributed than
when looking at income.
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Figure 17: 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.
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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 most
traditional example is a monetary policy rule for the interest rate. Motivated by
the different effects of shocks found 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 shock to the economy. Since monetary and fiscal policy are
usually encouraged to be used to stabilize demand shocks while looking through
supply shocks, I add a demand shock. In particular, I consider a shock to households’
discount factor, β. A lower discount factor will encourage households to consume
more today and therefore act as a positive demand shock.

I then simulate the economy for T̃ years getting hit by demand shocks. I do so in
two different scenarios: Monetary policy and asymmetric policy. The monetary policy
scenario adjusts the real interest rate in response to demand shocks. The asymmetric
scenario adjusts transfers in response to shortfalls in demand and the real interest rate
in response to higher demand. Both scenarios do so such that the business cycle is
perfectly stabilized at all points in time, i.e., dYt = 0. I give more details in Appendix
F. I then compute welfare—as presented above—for different groups of households in
these two scenarios to compare which households prefer which scenarios. I compute
this for 3 groups: The poor (the bottom 30% by wealth), the rich (the top 5% by
wealth), and the middle class (the rest). The numbers are in percent of initial (steady
state) consumption for each group. The results are given in Table 7.

Poor Middle Rich

3.4% 1.6% -0.6%

Table 7: Welfare Gains of Asymmetric Policy Compared To Monetary Policy
Note: The table shows consumption equivalent welfare gains of going from monetary policy to asymmetric policy in percent.

Table 7 shows that poor households clearly prefer asymmetric policy to monetary
policy. On the other hand, rich households clearly prefer monetary policy, with the
middle class somewhere in between. This is not surprising given the distributional
effects of the different policies.
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Interestingly, one can argue that the asymmetric policy described here is not
just a prescription from the model, but that policymakers have actually carried out
policies somewhat similar to this 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 3 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.

Let me end this section with two important notes. First, this analysis says nothing
about whether monetary policy or asymmetric policy is optimal. This 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. Instead, the analysis
simply positively identified which policies different households would prefer, side-
stepping the normative issues. Second, the analysis does not take a stance on how
monetary policy or fiscal policy should be conducted. Instead, it simply compares
two rules that achieve similar aggregate effects.

8 Conclusion

I study the distributional effects of monetary policy when returns are heterogeneous
by adding them to an otherwise standard HANK model. I do so by constructing
a dataset of heterogeneous returns across US households. I find that the model
replicates empirical 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.

I then study the aggregate effects of monetary policy. I find that heterogeneous
returns add a new redistribution channel of monetary policy. Because returns for
the rich co-move more with the average return, the return changes less in response
to monetary policy, so monetary policy is less effective. However, households also
react more strongly for a given change in returns, so the total effect on consumption
is unchanged.

I next study the distributional effects of monetary policy. I find that income gains
from expansionary monetary policy disproportionately benefit the ultra-rich: The top
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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. I therefore con-
sider an asymmetric policy over the business cycle. In this case, policymakers stabilize
shortfalls in demand with fiscal policy and higher demand with monetary policy.
I find that poor households prefer this policy by 3.4% in consumption equivalents,
while rich households prefer monetary policy.

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. I have
selected these HANK models because of their prominence in the literature and their
emphasis on matching the distribution of wealth. 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, Auclert et al. (2020) (ARS) and Bayer et al. (2024) (BBL) report
only 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 does 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.

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
SCF, 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.
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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 the three components in the model: (1) Earnings, (2) capital
income, and (3) transfers.

A.3 Panel Survey of Income Dynamics

In this section, I discuss how I use data from the PSID to construct a dataset of
heterogeneous returns across US households.

A.3.1 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 t, 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 t, but not t itself. Since surveys
were conducted in 1999, 2001, . . . , 2019, I can construct returns for 2000, 2002, . . . ,
2018.19

19. I lose the first year due to the lagged wealth in eq. (2).
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Figure A.1: Example of Survey Timeline

A.3.2 Sample Restrictions
I consider a sample where the head of the household is working full-time. Thus, I

exclude students and retirees. I also restrict the age of the head to be 25–65. I drop the
SEO sample consisting of over-sampled low-income households. I restrict attention
to households that have the same head and with no change in the family composition.
I winsorize the sample by capping returns at the 0.5th and 99.5th percentiles.

A.3.3 Capital Income
I now discuss how I compute the capital income from the 8 sources. First, I discuss
income from trust funds and royalties, interest income, and dividend income. Re-
spondents are asked directly about these 3 in the survey, so I simply use the responses.
I discuss the remaining 5 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

capital gains =
price change − improvements

2
,

The price change is the change in the price of the house, which depends on
whether the house was sold or not. If the household was sold, the selling price
is used. If the price was not used, 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 it to other housing if the
respondents have primary housing and other housing otherwise.

• 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
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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

capital gains =
price change − improvements − net investment

2
.

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
the business—reported directly in the survey—and the income associated with
owning the farm.20

• Stocks. Income from stocks is given by

ystocks
i,t =

∆astocks
i,t − fi,t

2
,

where astocks
i,t is the value of the stocks and fi,t 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.21

A.3.4 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 numerator in eq. (2). When net investments
are reported, I simply use the lagged value of wealth in the numerator. When net
investments are not reported, I use an average of the lagged value of wealth and the

20. 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.

21. Before 2005, respondents were only asked about the total 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.
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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.

• Other housing. Respondents are asked about the value of their real estate, i.e.,
how much it would sell for.

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

• Businesses. Respondents are asked about the value of their farm/business, i.e.,
how much it would sell for.

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.

• 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.3.5 Descriptive Statistics

A.3.6 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:

yi,t =
N

∑
j=1

yj
i,t and ai,t =

N

∑
j=1

aj
i,t.
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Mean Std. dev. P5 P50 P95

Return 3.5% 13.5% −10.4% 0.0% 24.8%

Assets (USD) 317 710 1 154 1114

— Primary house 154 202 0 110 488

— Other house 25 179 0 0 125

— Business 34 365 0 0 25

— Stocks 25 190 0 0 100

— IRAs 37 155 0 0 200

— Savings 20 89 0 4 80

— Vehicles 16 20 0 10 50

— Other 10 98 0 0 25

Age (years) 44 10 29 43 61

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.

Consider the case where households only earn different returns because they hold
different assets, but each asset gives the same return, i.e., yj

i,t = rj
ta

j
i,t−1. In this case,

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

ri,t =
yi,t

ai,t−1
=

N

∑
j=1

aj
i,t−1

ai,t−1

yj
i,t

aj
i,t−1

=
N

∑
j=1

ω
j
i,t−1rj

t (15)

where the weights are ω
j
i,t = aj

i,t/ai,t. An immediate implication is that a regression
of households’ returns on households’ weights should yield an R2—coefficient of
determination—of exactly 1 within each year.

Figure A.2 reports the R2 of such regressions.22 The R2 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

22. I include 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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within narrow asset classes.
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Figure A.2: R2 Of Regression of Returns on Portfolio Shares by Year
Note: The figure shows the coefficient of determination, i.e., R2, of a regression of household-level returns on their portfolio
shares by year.

A.4 Return Pass-Through Robustness
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Figure A.3: Pass-Through of Average to Households’ Returns by Wealth Quintiles
With Standard Errors Clustered by Year
Note: See Figure 3. The only difference is that the standard errors are clustered by year.
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Figure A.4: Pass-Through of Average to Households’ Returns by Wealth Vigintiles
Note: Figure A.4 for vigintiles (groups of 20) instead of quantiles (groups of 5).

A.5 Portfolio and Normalized Returns

0% 20% 40% 60% 80% 100%
Wealth vigintile

0.0

0.2

0.4

0.6

0.8

1.0

Primary house
Other house

Business
Stocks

IRAs
Savings

Vehicles
Other

Figure A.5: Portfolio Shares Across Wealth Distribution
Note: The figure shows portfolio shares across the wealth distribution.
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Figure A.6: Average Returns Normalized by Their Standard Deviation
Note: The figure shows the average returns normalized by their standard deviation across wealth vigintiles.

A.6 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 Jordà et al. (2019). The resulting time series are given in Figure A.7.

While I do not have a panel of returns, I can still produce a figure similar to Figure
A.8. In particular, I simply estimate the following time series regression:

rt = α(q) + β(q)r(q)t + ε
(q)
t , (16)

where r(q)t is the return for a particular quintile and rt is the average return. I construct
the average return as the average of the returns for the 5 quintiles. The resulting
estimates are given in Figure A.8.
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Figure A.7: Time Series of Average Returns in the SCF
Note: The figure shows a time series of average returns based on the SCF data.
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Figure A.8: Pass-Through of Average to Returns by Wealth Quintiles in the SCF
Note: The figure shows estimates of β from eq. (16)
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B Appendix to Section 3

B.1 Recursive Formulation

Given sequences of aggregates, (ra
t )

∞
t=0, (Zt)∞

t=0, (Tt)∞
t=0, and (τt)∞

t=0, a households
with state (a, e), where e = (ez, er), solves the following recursive problem:

Vt(a, e) = max
c,a′

u(c) + β Et
[
Vt+1(a′, e′)

]
,

s.t.

c + a′ = (1 + ra)a + z + Tt − t,

z = ezZ + ezβz(Zt − Z),

ra = ra + er + βr(ra
t − ra),

t = τt(raa + z),

ez ∼ Markov(Sz,Pz),

er ∼ Markov(Sr,Pr).

I consider two modifications to do with changing the discount factor, β. The first
is introducing permanent discount factor heterogeneity, which simply amounts to
adding β as a permanent state. The second is shocks to the discount factor, which
simply amounts to replacing β by βt and adding (βt)∞

t=0 as an aggregate sequence.

B.2 Proof of Proposition 1

The change in total income for household i at time t = 0 is given by

dψi,0 = dxi,0 + dzi,0 + dωi,0.

The change in income going to this household is then

dψi,0

dΨ0
=

dxi,0 + dzi,0 + dωi,0

dΨ0
=

dxi,0

dΨ0
+

dzi,0

dΨ0
+

dωi,0

dΨ0
.

Furthermore, assuming dX0 ̸= 0, dZ0 ̸= 0, and dΩ0 ̸= 0:

dψi,0

dΨ0
=

dX0

dΨ0

dxi,0

dX0
+

dZ0

dΨ0

dzi,0

dZ0
+

dΩ0

dΨ0

dωi,0

dΩ0
.
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Write now xi,0 = ra
i,0ai,−1, such that dxi,0 = ai,−1dra

i,0. Thus,

dψi,0

dΨ0
=

dX0

dΨ0

ai,−1

At−1

dra
i,0

dr̃a
i,0

+
dZ0

dΨ0

zi,0

Z0

dzi,0
zi,0

dZ0
Z0

+
dΩ0

dΨ0

ωi,0

Ω0

dωi,0
ωi,0

dΩ0
Ω0

.

Setting dΩ0 = 0, following the definitions of the α’s and β’s, and neglecting the t = 0
subscript yields the result.

B.3 The Elasticity of Earnings

I start by showing that the elasticity of zi,t with respect to Zt is βz
i,t. To see this, note

the definition of an elasticity:

∂zi,t

∂Zt

Zt

zi,t
= ez

i,tβ
z
i,t

Zt

zi,t
. (17)

Evaluating this in the steady state yields that this elasticity is βz
i,t.

Let me now discuss how to ground βz
i,t empirically. Here, I turn to Guvenen

et al. (2017). They estimate a regression that recovers something very similar to the
elasticity, βz

i,t. 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

Zt = wtNt =
Wt

Pt
Yt =

1
µ

Yt.

Thus, earnings are given by

zi,t =
ez

i,t

µ
Yss +

ez
i,t

µ
βz

i,t(Yt − Yss).

Repeating the calculations in eq. (17) for Yt instead of Zt then yields that the elasticity
of zi,t with respect to Yt is βz

i,t. Thus, I use the estimates of βz
i,t from Guvenen et

al. (2017). In particular, I use their estimates of βz
i,t as a function of earnings percentiles

for males. To do so, I look at percentiles of the 7 grid points for ez
i,t in the model and

interpolate between the estimates in Guvenen et al. (2017). Finally, I divide all βz
i,t by

the same value such that
∫

ez
i,tβ

z
i,t di = 1, which ensures that

∫
zi,t di = Zt for all t.
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B.4 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

Ct + At = (1 + r̃a
t )At−1 + Zt + Tt −Tt.

Inserting the government’s budget constraint in eq. (8) gives

Ct + At = (1 + r̃a
t )At−1 + Zt + Bt − (1 + rt−1)Bt−1 − Gt.

Using eq. (12) implies that

Ct + At = pt + Dt + Zt + Bt − Gt.

Using Dt = Yt − Zt yields

Ct + At = pt + Yt + Bt − Gt.

Goods market clearing in eq. (14) then implies that

At = pt + Bt,

which is exactly asset market clearing.

B.5 Robustness to Returns Process

I now consider 3 alternative specifications for the returns process. The first specifica-
tion is that er

i,t 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 con-
centration, cf. Table A.3. 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.3.
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The second specification is that there are 2 permanent returns, i.e., er
i,t = er

i ∈
{er

low, er
high}. 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.3. Second—and in contrast with the AR(1)—if
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: er

i,t = f (ai,t−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 Pz is the transition matrix for
ez

i,t, while Pr is the transition matrix for returns er
i,t. The main specification obtains the

transition matrix for the joint process under the assumption of independence, i.e., as

Pind = Pr ⊗Pz.

Instead of doing this, I now use a Gaussian copula (Nielsen 2006) governed by a
single parameter, ρ ∈ (−1, 1), to make the two correlated, yielding a different Pcorr. ρ

controls the degree of correlation, nesting the independent case, Pcorr = Pind, when
ρ = 0. Crucially, this method maintains the marginal distributions of both returns and
earnings. I set ρ = 0.5, which yields a correlation coefficient of 0.21 between earnings
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.
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Baseline AR(1) Permanent Schedule Correlated

Average return 1.1% 1.1% 1.1% 2.7% 1.1%

Std. dev. of returns 9.3% 9.3% 9.3% 1.5% 9.3%

Top 1% wealth share 32.8% 15.4% 12.7% 14.8% 30.7%

Scale dependence 4.5% −0.4% 9.4% 3.9% 5.7%

1st income percentile 0.18 −0.98 0.19 0.19 0.14

Table A.3: 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.

C Appendix to Section 4

C.1 Returns Process

The idiosyncratic part of returns, er
i,t, follows a discrete Markov chain with 7 grid

points. These are set as the median within 7 bins, yielding the grid points for er
i,t. The

ergodic distribution over these grid points, π, 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 that 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

Π =



p1 1 − p1 0 0 0 0 0
1−p2

2 p2
1−p2

2 0 0 0 0
0 1−p3

2 p3
1−p3

2 0 0 0
0 0 1−p4

2 p4
1−p4

2 0 0
0 0 0 1−p5

2 p5
1−p5

2 0
0 0 0 0 1−p6

2 p6
1−p6

2

0 0 0 0 0 1 − p7 p7


There is the following relationship between the transition matrix and the stationary
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distribution:

pi =

1 − c
πi

for i = 1, 7

1 − 2c
πi

for i = 2, 3, 4, 5, 6
,

for some parameter c satisfying

0 < c ≤ min
(

π1,
π2

2
, . . . ,

π6

2
, π7

)
.

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

In Figure A.9, I consider varying c and reporting different statistics of the model.
In particular, the figure shows absolute deviations of statistics in the model from
their data equivalent. As the figure shows, there is a tradeoff 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.
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Figure A.9: Robustness of c
Note: The figure shows the absolute deviation of statistics in the model from their data counterparts as a function of c.

C.2 Solution Method

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

60



foresight using a numerical equation solver.23 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, er

i,t. 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 1014, (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.3.

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 due to the efficiency of approximating a Markov chain using the log-
Rouwenhorst method (Kopecky and Suen 2010 and Rouwenhorst 1995).24 Thus, I can
still use the fast EGM method of Carroll (2006) to solve the household problem with
heterogeneous returns.

C.3 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 4 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. I have solved the model for different (i) maximum grid points in the asset grid

23. The code is written in Python and based on the GEModelTools package.
24. I use 7 grid points for both the labor income process and the returns process, i.e., 72 = 49 grid

points for both in total.
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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 ai,t = 109 independent of the asset grid) for which there is
(numerically indistinguishable from) zero probability mass above this level.

3. Benhabib et al. (2015) shows that under certain conditions that ensure a station-
ary 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. I 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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D Appendix to Section 5

D.1 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
can be written as25

ci,t = c(ai,t−1, ez
i,t, er

i,t).

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:

mpci,t(ai,t−1, ez
i,t, er

i,t) =
∂c(ai,t−1, ez

i,t, er
i,t)

∂ai,t−1

1
1 + (1 − τt)ra

i,t
.

The factor (1 + (1 − τt)ra
i,t)

−1 simply adjusts for the factor that a unit increase in
wealth increases cash-on-hand not by a unit, but by 1 + (1 − τt)ra

i,t. This ensures that
the MPC is between 0 and 1.

I plot the MPC policy function in Figure A.10. In particular, I fix a value of ez
i,t and

then plot consumption as a function of wealth for the 7 different values of er
i,t 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.

D.2 Lorenz Curves

Figures A.11–A.12 show the Lorenz curves for wealth, income, and earnings in the
model and the data.

25. The subscript t 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 t
on c(·).
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Figure A.10: 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 ez

i,t and plot consumption as a function of wealth for different values of returns.
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Figure A.11: Lorenz Curves for Wealth
Note: The figure shows the Lorenz curves of wealth in both models and the 2019 SCF.
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Figure A.12: Lorenz Curves for Income
Note: The figure shows the Lorenz curves of income in both models and the 2019 SCF.
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Figure A.13: Lorenz Curves for Earnings
Note: The figure shows the Lorenz curves of earnings in both models and the 2019 SCF.

D.3 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(ci,t) < g(ai,t) < g(xi,t), (18)
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where g(·) denotes a measure of concentration (inequality) like the Gini index or the
Pareto tail index. Gaillard et al. (2023) studies this in a standard heterogeneous agents
model with common returns and finds that the tail index of all 3 variables is the same,
in contrast with the data.26

How does my model perform regarding the ranking in (18)? To study this, I
report top shares of the 3 variables in Table A.4. 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 86% 54% 22% 8%

Wealth 61% 33% 13% 5%

Consumption 26% 11% 4% 1%

Table A.4: The Concentration of Household Variables
Note: The table shows top shares of selected household variables in the model with heterogeneous returns.

26. 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
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Figure A.14: Additional Aggregate Effects of Monetary Policy
Note: See Figure 12.

E.2 Proof of Proposition 2

The sequence space consumption function can be written as

Ct = Ct({Zs}∞
s=0, {ra

s}∞
s=0, {τs}∞

s=0, {Ts}∞
s=0).

Linearizing this in the sequence space gives

dC =
∂C
∂Z

dZ +
∂C
∂ra dra +

∂C
∂τ

dτ,

ignoring changes in lump-sum transfers, Tt, 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 ∂C

∂Z , ∂C
∂ra , and ∂C

∂τ . Figure A.15 shows selected columns of
the sequence space Jacobians for Zs (the i-MPC matrix) and ra

s for the model with
heterogeneous returns and the standard HANK model.

To proceed with the proof, note that

dr̃a = Ldr + ιdr̃a
0,
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Figure A.15: 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., ∂Ct/∂Zs and ∂Ct/∂ra

t . It does so for both the model with heterogeneous returns and the standard
HANK model.

where L is the lag operator and ι = (1, 0, 0, . . . )′. Note also that

dr̃a
t = dra

t + dCov
(

ra
i,t,

ai,t−1

At−1

)
,

Combining these two expressions yields

dra = Ldr + ιdr̃a
0 − dCov

(
ra

i ,
ai,−1

A−1

)
,

Inserting this into the consumption function yields

dC =
∂C
∂ra Ldr +

∂C
∂Z

dZ +
∂C
∂τ

dτ +
1

Ass

∂C
∂ra ιdX0 −

∂C
∂ra dCov

(
ra

i,t,
ai,t−1

At−1

)
.

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

dC = Mrdr︸ ︷︷ ︸
1. Direct

+ MZdZ︸ ︷︷ ︸
2. Labor

+ Mτdτ︸ ︷︷ ︸
3. Taxes

+ MXdX0︸ ︷︷ ︸
4. Revaluation

+ MCovdCov
(

ra
i ,

ai,−1

A−1

)
︸ ︷︷ ︸

5. Redistribution

,
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where

Mr ≡ ∂C
∂ra L

MZ ≡ ∂C
∂Z

Mτ ≡ ∂C
∂τ

MX ≡ 1
Ass

∂C
∂ra ι

Mcov ≡ − ∂C
∂ra .

E.3 Alternative Return Pass-Through

In this appendix, I want to make the point that βr
i,t is key to understanding the

aggregate effects of monetary policy. To do so, I first consider the heterogeneous
returns model with common pass-through, i.e. βr

i,t = 1, but still heterogeneous
returns. Second, on the other hand, I also consider a model where βr

i,t varies more
strongly over the wealth distribution. I do this by setting θ = (8, 8). This implies
that βr

i,t is ≈ 0 for poor households and much larger than the baseline specification
for rich households. In this sense, βr

i,t varies more strongly as a function of wealth.
Figure A.16 shows this.
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Figure A.16: More Varied Pass-Through of Aggregate to Households’ Returns, βr
i,t

Note: The x-axis shows quintiles of the lagged asset distribution, while the y-axis shows βr
i,t with θ = (8, 8) for households at

these points in the wealth distribution.

Table A.5 shows the decomposition. The table shows a clear picture. First, with
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βr
i,t = 1, the decomposition is essentially identical to a model with common returns.

Second, with a more varied βr
i,t, 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 βr

i,t can change
the aggregate effects of monetary policy, though the difference between βr

i,t for the
rich and poor empirically is not strong enough to do this in any significant way.

Common pass-through More varied βr

1. Direct 0.73 1.50

2. Labor 0.13 0.12

3. Taxes 0.40 0.39

4. Revaluation 0.23 0.59

5. Redistribution 0.00 −1.30

Total 1.50 1.30

Table A.5: 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 βr

i,t = 1 and a model with θ = (8, 8).

E.4 Relation to Werning (2015)

Werning (2015) shows that the response of aggregate consumption to real interest
rate changes are identical in incomplete markets and complete markets models under
certain assumptions. The models in this paper do not satisfy this assumption—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: τss = Bss = Tss = 0, which also implies Gss = 0. I
also remove the heterogeneous pass-through: βr

i,t = βz
i,t = 1. With this parametriza-

tion, I recalibrate β and rss. 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 er

i,t = 0 and recalibrating β. Additionally, I consider
a representative agent (RANK) version of the model, where consumption is described
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by the standard Euler equation:

u′(Ct) = β(1 + rt)u′(Ct+1).

Figure A.17 shows the response of consumption in all 3 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.17: 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
3 models. The x-axis shows years after the shock.

To see the math, let c̃i,t denote the consumption of household i at time t in the
absence of the monetary policy shock, i.e., when aggregate variables are in steady
state. Werning (2015) shows that

ci,t

c̃i,t
=

CRA
t

CRA
ss

,

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

ci,t

c̃i,t
= si,t

CRA
t

CRA
ss

,

where si,t is simply defined as the scaling factor such that this holds. Aggregate
consumption is then

Ct =
∫

ci,t di =
∫

si,t
CRA

t
CRA

ss
c̃i,t di = CRA

t

∫
si,t c̃i,t di = CRA

t [St + Cov(si,t, c̃i,t)] ,

where St =
∫

si,t di. Under which assumptions is Ct = CRA
t ? The assumptions

in Werning (2015) imply that si,t = 1 for all i and t. However, while si,t = 1 is
sufficient, it is not necessary. For instance, one obtains Ct = CRA

t despite si,t ̸= 1 if
both (i) St = 1, and (ii) Cov(si,t, c̃i,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.18 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., si,t = 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
distribution. In other words, Cov(si,t, c̃i,t) ≈ 0.

Table A.6 shows the decomposition of consumption in response to monetary
policy, like in Table 3 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.17 and A.18. Additionally, the channels are very similar,
which is in contrast with Table 3. In particular, the redistribution is zero in both
models. This is because βr

i,t = 1 in this version.
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Figure A.18: Heterogeneity in Consumption Response

Note: The figure shows the percent change in consumption to a monetary policy shock, 100( ci,t
c̃i,t

− 1), at different points in the
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.

Heterogeneous ra Standard HANK

1. Direct 0.60 0.57

2. Labor 0.29 0.21

3. Taxes 0.00 0.00

4. Revaluation 0.81 0.86

5. Redistribution −0.00 0.00

Total 1.70 1.64

Table A.6: 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).
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E.5 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

dYFP =
∂Y
∂G

dG,

where ∂Y
∂G is the relevant sequence space general equilibrium Jacobian of output with

respect to government consumption. Setting dYMP = dYFP then gives

dG =

(
∂Y
∂G

)−1

dYMP,

assuming that the inverse Jacobian exists. The same approach holds for a shock to
transfers. The shocks are shown in Figure A.19.
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Figure A.19: 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.6 Income Shares Across Wealth Distribution

Figure A.20 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 government 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
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by the shock, as shown in Table 5.
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Figure A.20: 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 (ai,t).

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 that the effect on consumption is increasing in the level
of wealth beyond the first quintile. The consumption increase at the top is largely
due to stocks. I do a similar exercise in Figure A.21. The figure shows that the change
in consumption is U-shaped, with the poorest and richest gaining the most. This is
largely consistent with McKay and Wolf (2023a), though the magnitudes are slightly
larger in my model.

Next, I compare to Andersen et al. (2023), who studies 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%
by definition. I do a similar exercise in Figure A.22. The figure shows a clear income
gradient as in Andersen et al. (2023).
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Figure A.21: Consumption Effect Across the Wealth Distribution
Note: The figure shows the percent change in consumption on impact across quintiles of the wealth distribution.
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Figure A.22: 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 positive income.

E.8 Robustness: Details

E.8.1 Physical Capital
Let me walk through the changes to the model when introducing capital. The
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production function is now

Yt = ΘN1−α
t Kα

t−1,

where Θ > 0 is a normalization constant chosen such that Yss = Nss = 1, while
α ∈ [0, 1] is the capital share in production. The first order conditions for the firm
then read

wt =
1
µ
(1 − α)

Yt

Nt
and rK

t =
1
µ

α
Yt

Kt−1
,

where rK
t is the real rental rate of capital. Capital is rented from capital firms. Capital

firms maximize the discounted sum of profits, facing a virtual adjustment cost, subject
to the law of motion for capital,

Kt = (1 − δK)Kt+1 + It,

where It is investment and δK ∈ [0, 1] is the deprecation rate. As shown in Druedahl
et al. (2025), this yields the following first-order conditions:

1 + ϕI

(
It

It−1
− 1

)
It

It−1
+

ϕI

2

(
It

It−1
− 1

)2

= Qt +
1

1 + rt
ϕI

(
It+1

It
− 1

)(
It+1

It

)2

,

Qt =
1

1 + rt

[
(1 − δK)Qt+1 + rK

t+1

]
.

where ϕI ≥ 0 controls the adjustment cost and Qt is Tobin’s Q. Profits from the capital
firms are rebated to the final goods producers, so

Dt = Yt − wtNt − It.

Goods market clearing then finally reads

Yt = Ct + Gt + It.

I set αK = 1/3, δK = 0.05, and ϕI = 9.6 following Auclert et al. (2020).

E.8.2 Long 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, Bt, with real price, qt. The
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budget constraint in eq. (8) is then modified to

qtBt = (1 + δqt)Bt−1 + Gt + Tt −Tt. (19)

The bonds are long, paying a unit coupon each period. They are exponentially
decaying with decay rate δ ∈ [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. (12) becomes∫
ra

i,tai,t−1 di︸ ︷︷ ︸
HH’s capital income

= pt + Dt + (1 + δqt)Bt−1 − At−1︸ ︷︷ ︸
Capital income from bonds and equity

(20)

and the no-arbitrage condition in eq. (13) is simply

rt =
pt+1 + Dt+1

pt
.

Finally, asset market clearing reads

At = pt + qtBt.

For the calibration, I set δ = 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

Bt =
1 + it−1

1 + πt
Bt−1 + Gt + Tt −Tt. (21)

The definition of capital income in eq. (12) reads

∫
ra

i,tai,t−1 di︸ ︷︷ ︸
HH’s capital income

= pt + Dt +
1 + it−1

1 + πt
Bt−1 − At−1︸ ︷︷ ︸

Capital income from bonds and equity

(22)

E.8.4 Sticky Prices
I now consider what happens if the firm cannot set the price every period but instead
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has sticky prices. In particular, firms set the price, Pt, subject to quadratic adjustment
costs, with discount factor (1 + rt)−1. This yields the following new Keynesian
Phillips curve (NKPC) for inflation, πt = Pt/Pt−1 − 1, which replaces eq. (7):

log(1 + πt) = κP
(

wt −
1
µ

)
+

1
1 + rt

Yt+1

Yt
log(1 + πt+1).

Here, κP ≥ 0 is the slope of the Phillips curve. Flexible prices are obtained as κP → ∞.
I set κP = 0.23 as in Auclert et al. (2024b). Crucially, this implies κW < κP 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 two different parametrizations of
the model. First, I consider what happens when wages are more flexible: κW = 0.1
instead of κW = 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, µ, which is important, cf. Appendix E.9.

E.9 Capital Income in the Model

The gains of the rich in the model with heterogeneous returns largely go through
capital income. But what drives capital income in the model? And is the magnitude
of the capital income gains empirically realistic? In this Appendix, I try to answer
this question. 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 aggregate shock on capital income can be decomposed into
two components: The firm equity price and dividends. This decomposition can be written as
follows:

dx0 = dp0 + dD0. (23)

These components are given by:

D0 =
µ − 1

µ
Y0,

p0 =
1

1 + r0

µ − 1
µ

Y1 +
1

(1 + r0)(1 + r1)

µ − 1
µ

Y2 + . . .
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F Appendix to Section 7

Consider simulating some variable, Xt, for a time series t = 0, 1, . . . , T − 1, in response
to demand shocks. This could be consumption, consumption of the rich, labor, etc. To
first order, the time series is given by

dXt =
∞

∑
s=0

IRFsε
β
t−s,

where IRFs is the IRF of Xt to a demand 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 IRFMP

s and IRFFP
s . The

simulations with monetary policy are denoted by dXMP
t . For the asymmetric policy,

fiscal policy is used in response to shortfalls in demand, while monetary policy is
used for higher demand. Thus,

dXAs.
t =

∞

∑
s=0

IRFFP
s 1(ε

β
t−s > 0)εβ

t−s +
∞

∑
s=0

IRFMP
s 1(ε

β
t−s < 0)εβ

t−s.

80


	Introduction
	Related Literature

	Empirics
	Concentration of Wealth
	Return Heterogeneity
	Capital Income in the SCF
	Heterogeneous Returns in the PSID

	Heterogeneous Returns Pass-Through

	A Model of Heterogeneous Returns
	Households
	The Rest of the Model
	Firms
	Government
	Central Bank
	Union
	Asset Supply
	Market Clearing


	Calibration
	The Returns Process
	The Rest of the Model

	Microeconomic Fit
	Heterogeneous Returns
	Wealth

	Implications
	Aggregate Effects of Macroeconomic Shocks
	Distributional Effects of Macroeconomic Shocks
	Robustness

	Welfare
	The Equivalent Variation of Shocks
	Policy Implications

	Conclusion
	References
	Appendix
	Appendix to Section 2
	Wealth Concentration
	Survey of Consumer Finances
	Panel Survey of Income Dynamics
	Data Structure
	Sample Restrictions
	Capital Income
	Wealth
	Descriptive Statistics
	Explaining Returns With Portfolio Shares

	Return Pass-Through Robustness
	Portfolio and Normalized Returns
	Returns by Wealth Quintiles in the SCF

	Appendix to Section 3
	Recursive Formulation
	Proof of Proposition 1
	The Elasticity of Earnings
	Walras' Law
	Robustness to Returns Process

	Appendix to Section 4
	Returns Process
	Solution Method
	Stationarity

	Appendix to Section 5
	Household Consumption Policy Functions
	Lorenz Curves
	The Concentration of Household Variables

	Appendix to Section 6
	Additional IRFs to Monetary Policy
	Proof of Proposition 2
	Alternative Return Pass-Through
	Relation to Werning (2015)
	Equivalent Shocks to Monetary Policy and Fiscal Policy
	Income Shares Across Wealth Distribution
	Comparison to the Empirical Literature
	Robustness: Details
	Physical Capital
	Long Debt
	Nominal Debt
	Sticky Prices
	Parametrization

	Capital Income in the Model

	Appendix to Section 7


