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Summary

This thesis uses quantitative macroeconomic models to understand the relationships between

inequality, monetary policy, and climate change.

Chapter 1: From Income to Wealth Inequality in the
U.S.

The past 40 years have been characterized by a decrease in the rate of return on safe
assets, an increase in the equity premium, an increase in the price of financial assets, and
an increase in labor income and wealth inequality. Using a heterogeneous-agent model
featuring permanent labor income inequality, a two-asset structure, and non-homothetic
preferences, this chapter investigates the impact of an increase in permanent labor income
inequality on wealth inequality. As rich households save a higher share of their permanent
income than poorer ones, a more skewed permanent labor income distribution increases
aggregate savings, everything else equal. However, in general equilibrium, with a realistic
market structure, an increase in aggregate savings increases mostly the price of capital, not
its quantity. This has little impact on the marginal productivity of capital and labor but
creates capital gains that push up the top 1% wealth share.

Chapter 2: Income Inequality and Monetary Policy

This chapter studies the interplay between permanent labor income inequality and monetary

policy within the framework of Heterogeneous-Agent New Keynesian (HANK) models.

This chapter studies the impact of an increase in permanent labor income inequality on
the transmission of monetary shocks on the real economy. In a Heterogeneous-Agent New-
Keynesian model with standard preferences, we show that the distribution of permanent
labor income is neutral with respect to monetary policy shocks. However, this model cannot
account for the observed relationship between permanent income and consumption-saving

behavior. Including a non-homothetic taste for wealth allows us to match this relationship,
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and breaks the neutrality result. The direct substitution effect from a monetary policy
shock is weakened while indirect effects are stronger. The rise in permanent labor income
inequality makes households hold wealth more for a present motive rather than for an
intertemporal-substitution motive. As a result, the aggregate elasticity of intertemporal
substitution is weakened while the aggregate static MPC is strengthened. In a realistic
two-asset HANK model, we quantify the change in the composition of a monetary shock.
We observe a rise in the magnitude of a monetary policy shocks as the increase in indirect

effects more than outweighs the fall in the direct effect.

Chapter 3: Why is there still investment in polluting

capital?

Despite governments’ commitments to limit global warming to 1.5 degrees Celcius, there
is still investment in carbon-intensive capital. This chapter uses a growth model featuring
irreversible investment, capacity utilization, and clean and polluting capital to study this
apparent paradox. It shows that current investment in polluting capital and CO, emissions
are coherent with expectations of a future carbon tax if investors also expect a bailout of
polluting capital. This result implies that governments’ credibility can play an important
role in reducing the cost of implementing an optimal carbon tax by committing not to bail
out. However, there exists a temptation for a short-sighted government to boost output and

consumption in the short run by announcing a future bailout.
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Resumé

Denne afthandling bruger kvantitative makrogkonomiske modeller til at forsta forholdet
mellem ulighed, pengepolitik og klimaforandringer.

Kapitel 1: Fra indkomst- til formueulighed i USA

De sidste 40 ar har vaeret praeget af et fald i afkastet pa sikre aktiver, en stigning i ak-
tiepreemien, en stigning i prisen pa finansielle aktiver og en stigning i uligheden i arbe-
jdsindkomst og formue. Ved hjeelp af en heterogen agentmodel med permanent ulighed i
arbejdsindkomst, en struktur med to aktiver og ikke-homotetiske praeferencer undersgger
dette kapitel indvirkningen af en stigning i permanent ulighed i arbejdsindkomst pa ulighed
i formue. Da rige husholdninger sparer en hgjere andel af deres permanente indkomst op
end fattige, vil en mere skaev fordeling af den permanente arbejdsindkomst alt andet lige
gge den samlede opsparing. Men i generel ligeveegt med en realistisk markedsstruktur gger
en stigning i den samlede opsparing mest prisen pa kapital, ikke maengden. Dette har
kun ringe indflydelse pa kapitalens og arbejdskraftens marginalproduktivitet, men skaber

kapitalgevinster, der gger de gverste 1% af formuen.

Kapitel 2: Indkomstulighed og pengepolitik

Dette kapitel undersgger samspillet mellem permanent ulighed i arbejdsindkomst og penge-

politik inden for rammerne af nykeynesianske modeller med heterogene agenter (HANK).

Kapitlet undersgger effekten af en stigning i den permanente ulighed i arbejdsindkomst
pa transmissionen af monetaere stgd til realgkonomien. I en nykeynesiansk model med
heterogene agenter og standardpraeferencer viser vi, at fordelingen af den permanente arbe-
jdsindkomst er neutral i forhold til pengepolitiske chok. Denne model kan dog ikke forklare
det observerede forhold mellem permanent indkomst og forbrugsopsparingsadfeerd. Ved at
inkludere en ikke-homotetisk smag for rigdom kan vi matche dette forhold og bryde neu-
tralitetsresultatet. Den direkte substitutionseffekt fra et pengepolitisk chok svaekkes, mens
de indirekte effekter styrkes. Stigningen i den permanente ulighed i arbejdsindkomst far
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husholdningerne til at holde formue mere ud fra et nutidsmotiv end ud fra et intertempo-
ralt substitutionsmotiv. Som felge heraf svaekkes den samlede elasticitet af intertemporal
substitution, mens den samlede statiske MPC styrkes. I en realistisk HANK-model med to
aktiver kvantificerer vi sendringen i sammensaetningen af et moneteert chok. Vi observerer
en stigning i stgrrelsen af et pengepolitisk chok, da stigningen i de indirekte effekter mere
end opvejer faldet i den direkte effekt.

Kapitel 3: Hvorfor investeres der stadig i forurenende
kapital?

Pa trods af regeringernes forpligtelser til at begraense den globale opvarmning til 1,5 grader
Celcius investeres der stadig i kulstofintensiv kapital. Dette kapitel bruger en vackstmodel
med irreversible investeringer, kapacitetsudnyttelse og ren og forurenende kapital til at
undersgge dette tilsyneladende paradoks. Det viser, at de nuveerende investeringer i forure-
nende kapital og COs-emissioner er i overensstemmelse med forventningerne om en fremtidig
CO2-skat, hvis investorerne ogsa forventer en redning af den forurenende kapital. Dette re-
sultat indebaerer, at regeringers troveerdighed kan spille en vigtig rolle i at reducere omkost-
ningerne ved at implementere en optimal CO2-skat ved at forpligte sig til ikke at redde den.
Der er dog en fristelse for en kortsigtet regering til at gge produktionen og forbruget pa kort
sigt ved at annoncere en fremtidig redningspakke.
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Introduction

This dissertation consists of three self-contained chapters on macroeconomics, inequality,
and climate change.

The first two chapters are motivated by the same stylized fact: labor income inequality
has been rising significantly in many developed countries, since the 1970s (Piketty 2018).
More precisely, the permanent component of inequality has been increasing, instead of an
increase in the variance of labor income risk over the lifetime (DeBacker et al. 2011; Fatih
Guvenen, Kaplan, et al. 2022). This structural change matters for macroeconomics since
we know that households with a higher level of permanent income also tend to save more
than poorer ones (Dynan, Skinner, and Zeldes 2004; Kumhof, Ranciere, and Winant 2015;
Straub 2019). This means that in increase in labor income inequality redistributes income
toward households with high saving rates, increasing aggregate savings.

A recent literature studies the impact of this increase in labor income inequality on the
secular decline in the real interest rate, the increase in household indebtment, the increase
in wealth-to-output ratios, and the increase in wealth inequality (Kumhof, Ranciere, and
Winant 2015; Straub 2019; Mian, Straub, and Sufi 2021). This thesis contributes to this
literature in two ways. The first chapter shows that, under imperfect competition, rising
permanent labor income inequality can increase the valuation of financial assets, creating
capital gains for the wealthy, which in turn have an impact on the distribution of wealth.
The second chapter shows how an increase in permanent labor income inequality can affect
monetary policy and its transmission channels by redistributing income between households
with different marginal propensities to consume and elasticity of intertemporal substitutions,

as well as affecting the distribution of wealth.

Chapter 1 looks at the impact of the rise in permanent labor income inequality on
the distribution of wealth in the U.S. The main question we ask is: what is the general
equilibrium effect of this structural change? Indeed, if aggregate savings increase because
a bigger share of national income is directed toward households with a higher marginal
propensity to save, the prices of financial assets also need to change for markets to clear.
This might have two effects. First, a trickle-down effect: the increase in savings might
finance a higher stock of physical capital, decreasing returns, and increasing wages and
output. This general equilibrium effect benefits all of society and might dampen wealth



inequality by limiting the financial income at the top. However, this increase in aggregate
savings might also finance a higher price of financial assets, creating some short-term capital
gains that benefit households who already own wealth.

This second effect is consistent with what has been observed at the aggregate level in the
U.S.: valuations of firms have been rising, the wealth-to-output ratio has increased mostly
because of a valuation effect, while the aggregate saving and investment rates have remained
relatively constant over the period, suggesting that households have saved mostly through
capital gains. Using a quantitative model calibrated to match the relationship between
permanent labor income and savings on the household side, and to match the observed
valuations of firms in the U.S. on the supply side, we find that the observed increase in
permanent labor income inequality mostly generated valuations effect that contributed to
10% of the observed increase in the top 1% wealth share between 1970 and 2020. Our model
is also coherent with a number of stylized macro-finance facts, such as the secular decrease
in the safe interest rate, the relatively constant return on equity, and an increase in the

wealth-to-output ratio driven mostly by valuation effects.

The second chapter of this thesis examines the impact of rising permanent labor income
inequality on monetary policy. This work contributes to the growing literature that investi-
gates how household heterogeneity affects the strength and transmission of monetary policy.
While much of the existing literature has focused on ex-post heterogeneity—primarily in the
form of idiosyncratic productivity shocks—within the Heterogeneous-Agent New-Keynesian
(HANK) framework, this chapter introduces ex-ante heterogeneity through differences in

permanent labor income.

Our analysis shows that, under a realistic non-homothetic preference for wealth that
aligns with the observed relationship between permanent labor income and savings, the
distribution of permanent labor income plays a significant role in shaping monetary policy
outcomes. We identify three main channels through which this impact occurs.

First, an increase in permanent labor income inequality shifts income towards house-
holds with a lower marginal propensity to consume and a higher elasticity of intertemporal
substitution—a phenomenon we term the composition effect. Second, as household incomes
change, their responses to interest rate or income shocks also change, an effect we refer
to as the policy function effect. Third, increasing inequality in permanent labor income
leads to a more unequal distribution of wealth, which raises the proportion of hand-to-
mouth households. These households are highly responsive to changes in labor income but
largely unresponsive to interest rate changes. Overall, our results indicate that this third
effect—the increase in hand-to-mouth households—dominates, resulting in a heightened
output response to monetary policy shocks as permanent labor income inequality rises.

Chapter 3 explores the persistence of investment in carbon-emitting infrastructures, such
as coal power plants, despite clear evidence that the emissions from the existing stock of
polluting capital already exceed the carbon budget necessary to limit global warming to



2°C. This chapter examines one possible explanation for this paradox: the uncertainty
surrounding the timing of future climate policies and the potential for government bailouts
of polluting infrastructures. Sen and von Schickfus 2019 demonstrates that investors might
anticipate being bailed out from potential losses if their polluting investments are stranded
due to future policy changes.

Using a Ramsey growth model that incorporates polluting and clean capital, irreversible
investment, and capacity utilization, I analyze the consequences of this investor behavior.
My findings suggest that investors’ expectations regarding future climate policies signifi-
cantly influence both the cost of implementing a carbon tax and the response of polluting
firms’ valuations once such a tax is introduced. Specifically, if investors mistakenly antici-
pate government bailouts, they tend to over-invest in polluting assets. Consequently, when
a carbon tax is eventually imposed, these firms’ valuations collapse as more assets become
stranded.

The model also reveals that a firm commitment to never bail out stranded assets could
reduce the future cost of implementing a carbon tax. However, there is a risk that a short-
sighted government might be tempted to commit to a bailout, leading to a short-term boom
in polluting investments and increased output, but at the cost of higher transition costs in
the future.
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Chapter 1

From Income to Wealth
Inequality in the U.S.

The past 40 years have been characterized by a decrease in the rate of return
on safe assets, an increase in the equity premium, an increase in the price of
financial assets, and an increase in labor income and wealth inequality. Using a
heterogeneous-agent model featuring permanent labor income inequality, a two-
asset structure, and non-homothetic preferences, we investigate the impact of
an increase in permanent labor income inequality on wealth inequality. As rich
households save a higher share of their permanent income than poorer ones, a
more skewed permanent labor income distribution increases aggregate savings,
everything else equal. However, in general equilibrium, with a realistic market
structure, an increase in aggregate savings increases mostly the price of capital,
not its quantity. This has little impact on the marginal productivity of capital

and labor but creates capital gains that push up the top 1% wealth share.!

1.1 Introduction

Over the past five decades, both labor income and wealth inequality have increased rapidly
in the U.S. (Saez and Zucman 2016; Piketty 2015; Piketty and Zucman 2015; Piketty, Saez,
and Zucman 2018). This paper aims to explore the relationship between the distribution of
permanent labor income and the distribution of wealth. A mechanism highlighted by (Straub
2019) suggests that since households with higher permanent labor income have higher saving
rates than poorer households, an increase in permanent labor income inequality can result
in an increase in aggregate savings. This change in aggregate savings will, in turn, affect
the price of financial assets, which will have a feedback effect on the distribution of wealth.

IThis chapter was co-written with Eustache Elina, PhD student at the Paris School of Economics.



The central question we address is: what is the general equilibrium effect of such an increase
in aggregate savings on the distribution of wealth? Does the general equilibrium feedback
dampen or amplify wealth inequality?

The answer to this question is theoretically ambiguous. On the one hand, an increase
in aggregate savings can increase the quantity of physical capital, which will increase wages
and decrease returns. This general equilibrium effect should have a “trickle-down” effect
and dampen wealth inequality, as poor households will benefit from higher wages, while

rich households will see their financial income decrease.?

On the other hand, an increase
in aggregate savings can also increase the price of capital. This should increase wealth
inequality: wages and long-term returns would remain constant, while short-term capital
gains would temporarily increase the returns of the wealthy. To assess the strength of those
different channels, we build a quantitative heterogeneous agent model that can account for
the relationship observed in the data between the saving rate and the level of permanent
income on the household side and the valuation effects on the firm side. Using that frame-
work, we find that the general equilibrium effect amplifies wealth inequality and represents

10% of the total increase in the top 1% wealth share.

We first present some stylized facts on the accumulation of wealth in the U.S. Using
a decomposition similar to (Piketty and Zucman 2014), we find that most of the increase
in the wealth-to-output ratio in the U.S. came from a valuation effect and not a quantity
effect. This is consistent with the fact that the aggregate households’ net saving rate has
decreased over the same period: households have accumulated wealth mostly by benefiting
from large unrealized capital gains on their existing wealth, not by saving a larger share of
their income.? Instead, an increase in the value of the capital stock has taken place: the
average Tobin’s Q surged from around 0.6 in the 1960s to over 1 in recent times (Brun and
Gonzalez 2017; Gonzalez and Trivin 2019). These aggregate macroeconomic trends also
align with micro evidence on saving rates along the wealth distribution. Fagereng, Guiso,
et al. (2020) found, using Norwegian register data, that the disparity in gross saving rates
between the richest and the rest of the distribution is primarily explained by unrealized

capital gains.

Building on those findings, we study a simple two-agent analytical model with different
permanent labor income types, non-homothetic preferences, and a deterministic Lucas tree.
As in Straub (2019), we find that a non-homothetic taste for wealth can account for the
relationship between the saving rate and permanent income observed in the data. We also
find that those non-homothetic preferences imply a positive relationship between permanent
labor income inequality and the price of financial assets. This model can thus generate

2As shown by (Davila et al. 2012), in a standard Aiyagari-model calibrated to match the wealth and
income distribution in the U.S., there is too little capital at the steady state, and a central planner would
want to push the richest to save more, to increase the productivity of all workers.

3Net saving rates remove the impact of unrealized capital gains. Gross saving rate includes unrealized in
the measure of both income (also called the Haig-Simons income) and savings. Savings in national accounts
don’t take into account capital gains.



large capital gains and an increase in the wealth-to-output ratio without any increase in the

aggregate saving rate — which is by construction constant — as it has been observed in the
U.S.

Finally, we incorporate this insight into a quantitative two-asset heterogeneous agents
model featuring permanent labor income inequality, non-homothetic preferences, and imper-
fect competition. We calibrate this model on the U.S. economy in the 1960s and compute a
transition from 1970 to 2020, where we match the observed increase in labor income inequal-
ity. Our model can match both the level of labor income and wealth inequality observed in
the U.S. in 1970, generate a Tobin’s () and wealth-to-output level close to those in the data,
and match both the speed and the magnitude of the observed increase in wealth inequality,
a feature that most heterogeneous agents model have a hard time reproducing.

In our simulations, changes in the permanent component of labor income inequality
increase aggregate savings and decrease the returns on the liquid asset, as in Straub (2019).
However, due to imperfect competition and distortions coming from firm taxation, the price
of financial assets increases by more than the quantity of physical capital. Those valuation
effects create some short-term capital gains that maintain the high return on financial assets,
and this increase in the equity premium, in turn, has a positive feedback effect on wealth
inequality. The general equilibrium effect — the change in prices following a shock to the
distribution of permanent labor income — accounts for a significant fraction of the increase
in wealth inequality. We find that this general equilibrium effect accounts for 10% of the
increase in the wealth share of the top 1% from 1970 to 2020.

Related Literature. Our paper adds to the large literature that attempts to study the
determinants of the wealth distribution and its dynamics using quantitative models. Early
attempts to analytically characterize the distribution of wealth date back to the 50s and the
60s (Champernowne 1953; Vaughan 1979; Laitner 1979; Stiglitz 1969). The development
of numerical methods to solve heterogeneous agent models in the 1980s and 1990s (Bewley
1980; Imrohoroglu 1989; Huggett 1993; Aiyagari 1994) sparked a new generation of papers
quantitatively studying the factors determining the distribution of wealth (see De Nardi
and Fella (2017) for a review of the literature). This literature found that the inequality in
earnings alone is not able to generate the fat tail observed in the distribution of wealth but
that models that include random returns or saving rates can match the data (Benhabib,
Bisin, and Zhu 2011; Benhabib, Bisin, and Zhu 2015; Xavier 2021).

This paper belongs to a specific subset of this literature that aims to explain not only the
long-term, steady-state distribution of wealth but also its dynamics. As found by Gabaix
et al. (2016), the random returns or saving rates that create a fat tail at the steady state
also generate too slow dynamics compared to the data. They suggest that models that
could account for the fast increase in the top wealth share observed in the U.S. should
include either a form of “type dependence” (high-savers or high-returns households) or
“scale dependence” (returns and saving rates increasing with wealth). Our model follows
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this second strategy: the non-homothetic taste for wealth implies a positive relationship
between wealth and the gross saving rate. At the same time, our portfolio choice captures
the fact that rich households invest a higher share of their wealth into risky assets that yield
a higher return. This is coherent with part of the empirical literature that has shown that
the wealthiest households have both a higher saving rate (Dynan, Skinner, and Zeldes 2004;
Fagereng, M. Holm, et al. 2019) and higher returns on their wealth (Fagereng, Guiso, et al.
2020; Bach, Calvet, and Sodini 2020; Garbinti, Goupille-Lebret, and Piketty 2021).4

Previous works have also studied how changes in asset returns impact the dynamics of
wealth inequality. Favilukis (2013) studied the impact of increasing labor income inequality
and higher returns on financial assets. In models with entrepreneurs, Gomez et al. (2016)
and Cioffi (2021) also find that positive aggregate shocks pushing stock market returns
increase wealth inequality. Finally, in a non-micro-founded model estimated on U.S. tax
data, Blanchet (2022) finds that the two main drivers of the increase in wealth inequality
have been higher saving rates at the top and capital gains. Compared to this literature, our
main contribution is to focus on how an increase in labor income inequality can increase
the equity premium through capital gains instead of considering higher returns driven by

aggregate TFP shocks.

Hubmer, Krusell, and Smith (2021) has been one of the most successful models in match-
ing the level and dynamics of wealth inequality, using an exogenous portfolio choice and
excess returns along the wealth distribution. They find that the main drivers of wealth
inequality have been a change in taxation and a change in asset returns. Our model differs
from theirs along a few key dimensions: (1.) they consider an increase in the variance of
earnings shocks, while we consider an increase in permanent labor income inequality, (2.)
the heterogeneous saving rates come from a time-varying discount factor in their model
(type-dependence), while it comes from a non-homothetic taste for wealth in ours (scale
dependence). (3.) their portfolio choices and excess returns are exogenous, while they are
endogenous outcomes in ours. We thus view our work as an attempt to build on their
contribution by endogeneizing the excess return of wealthy households, a key factor for the

dynamics of wealth inequality.

We focus on an increase in post-tax permanent labor income inequality, as in Straub
(2019), and in line with the recent empirical literature (DeBacker et al. 2011; Bloom et
al. 2017; F. Guvenen et al. 2017; Braxton et al. 2021; Fatih Guvenen, Karahan, et al.
2021). An alternative in the literature is to increase the variance of the persistent and
temporary shocks instead. This can have very different effects on the wealth distribution,
as found by Hubmer, Krusell, and Smith (2021). Indeed, even if idiosyncratic shocks are
the primary source of wealth inequality in heterogenous-agents models, they also create

a precautionary motive that pushes households at the bottom of the distribution to save

4In fact, Fagereng, Guiso, et al. (2020) and Bach, Calvet, and Sodini (2020) show that even within an
asset class, wealthier households have higher returns than poorer ones. Our model partially captures this
through random idiosyncratic returns shocks on the risky assets.
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more, to reduce the likelihood of being constrained — and hence being out of their Euler
equation. This precautionary motive disappears at the top of this distribution, creating a
“buffer-stock” behavior (Carroll 1997). In this framework, increasing the variance of the
shocks increases the precautionary motive and hence savings at the bottom of the wealth
distribution, decreasing wealth inequality.

An increase in labor inequality coming from the permanent component has a very differ-
ent effect. First, it reduces the total labor income risk for households with lower wages and
increases the risk for households at the top of the distribution, who now face a higher risk
of total wage income. As shown by Straub (2019), with standard homothetic preferences,
shifts in the distribution of permanent labor income have almost no impact on aggregate
savings and returns since richer households are scaled-up versions of poorer ones once they
are sufficiently far away from the borrowing constraint. However, this quasi-neutrality of
the distribution of permanent labor income can be broken with a non-homothetic taste for
wealth. If the marginal utility of consumption decreases faster than the marginal utility of
wealth, richer households will have a higher marginal propensity to save out of permanent
income shocks than poorer ones, and shifts in the distribution of permanent labor income
will imply shifts in aggregate savings.

Our work also builds on Straub (2019), who studies the impact of non-homothetic pref-
erences on household behavior and wealth inequality. He proves that under homothetic
preferences, individual consumption scales linearly with permanent income. In a quantita-
tive model, he finds that when accounting for this non-homothetic behavior, the increase
in permanent labor income inequality can account for a large part of the increase in wealth
inequality and the decrease in real interest rate observed in the U.S. Our work differs from
his on two dimensions. First, compared to his analytical result, our main contribution is to
show that only a certain type of non-homothetic preferences make the distribution of per-
manent labor income non-linear with respect to both the distribution of wealth and prices.
With Stone-Geary preferences, shifts in permanent labor income will increase wealth in-
equality but not affect prices. We also derive analytically how shifts in permanent income
affect the pricing of an asset, depending on the degree of non-homotheticity. Secondly, in
our quantitative model, we focus on the impact of labor inequality on asset prices and how
asset prices, in turn, affect the distribution of wealth. To do so, we include a more realistic
structure of the firm and a portfolio choice on the household’s side. The structure of the firm
allows us to study realistically the valuation effects coming from shifts in aggregate savings,

while the portfolio choice implies that capital gains can shift the wealth distribution.

A key element of our model is the non-homothetic taste for wealth that allows us to
match the marginal propensity to save in the data out of permanent income shocks. Carroll
(1998) and Carroll (2000) are the first to study how a taste for wealth can explain both
the higher saving rates of the rich and the higher share of risky assets in their portfolio.
Kumbhof, Ranciére, and Winant (2015) shows in a two-agent model with a non-homothetic
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taste for wealth that an increase in permanent labor income inequality increases household
debt and the endogenous risk of a debt crisis. A non-homothetic taste for wealth has also
been used in the New Keynesian literature to explain the zero-lower bound and the impact
of secular stagnation (Michau 2018; Mian, Straub, and Sufi 2021; Michaillat and Saez 2021).

This paper is organized as follows. In the first section, we summarise some stylized facts
about the increase in labor and wealth inequality, the evolution of the wealth-to-output
ratio, and the valuations of capital. In the second section, we study the impact of a labor
income shock in a two-agent analytical model with non-homothetic preferences and capital
gains. The third section presents our quantitative model to measure the size of the general
equilibrium channel. The last section presents the main results.

1.2 Stylized facts

This section documents the main stylized facts about the U.S. that motivate this paper.
At the aggregate level, we report (1.) the increase in labor income and wealth inequality,
(2.) the rise in the price of capital, and (3.) an increase in the equity premium. At the
cross-sectional level, we use the Survey of Consumer Finance (SCF) to document that richer
households (1.) have a higher marginal propensity to save and (2.) invest a higher share of
their wealth into risky assets.

This paper’s main estimates of labor income and wealth inequality are from Piketty, Saez,
and Zucman (2018), which combines tax, survey, and national accounts data to estimate
the increase in the top labor and income shares. The primary advantage of their method is
that it matches aggregate values of income and wealth in the national accounts. The values
are similar, if a bit lower, to the ones obtained in the SCF (see Figure 1.1). Both document

a significant increase in the top 10% and top 1% in wealth and labor income shares between
1980 and 2020.

The distribution of wealth displays a fatter right tail than the distribution of labor
income, which has increased over time. The top 1% income share has risen by 6 p.p.
between 1980 and 2020, according to PSZ, against 15 p.p. for the top 1% wealth share. Not
only did wealth inequality increase faster than labor income inequality, but the total wealth
held by households also increased faster than national income (Figure 1.2, left panel). In
contrast, the personal saving rate remained relatively constant.

It is important to recall that because measures of national income do not account for
capital gains, an increase in wealth does not necessarily come from increased net savings
from households. Indeed, if we decompose the wealth-to-output ratio between a saving and
a capital gain component, we find that almost all of the increase in the wealth-to-output

ratio comes from an increase in the price of wealth and not from an increase in savings (see
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Figure 1.1: Top labor income and wealth shares

Note: This figure shows the evolution of the top 1% and top 10% pre-tax labor income shares and wealth shares from the
Distributional National Accounts in Piketty et al. (2018) (PSZ, blue line) and in the Survey of Consumer Finance (SCF,
orange line, authors calculations).
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Figure 1.2, left panel).> This increase in the valuation of capital is also clearly visible in the
valuation of the firms: the aggregate Tobin’s Q, which is the ratio of the market value and
the book value of U.S. corporations, went from below 1 before the 1980s to above 1 today.

Wealth-to-output Aggregate saving rate
600 15
—— With capital gains
Without
10
400 . \
\/\,\ i [\\/ \ /\f\
o/ —— Total
200 Households
1960 1980 2000 2020 1960 1980 2000 2020

Figure 1.2: Aggregate household wealth and saving rate

Note: This figure shows the evolution of the household wealth-to-national-output ratio. The decomposition follows Piketty,
Zucman (2014) by computing aggregate wealth, removing any valuation effect. This decomposition comes from the following
law of motion of wealth Wi 1 = Wy + St + KG¢ where W; is the household aggregate wealth, S; is aggregate savings from
households and K G} are capital gains. The figure on the right plots the net aggregate saving rate in the NIPA accounts.

Two things should be noted. First, this increase decomposition is not a counterfactual
exercise: in the absence of capital gains, households might have increased their savings rate
to satisfy their savings needs. It is, however, coherent with Fagereng, M. Holm, et al. (2019),
who found the higher saving rates from richer households came mostly from capital gains.
Secondly, this increase in the valuation of the firms is also due to other factors than the
increase in labor income inequality: the decrease of the dividend and the corporate tax rate
and the increase in markups also played an important role (Piketty and Zucman 2014; Brun
and Gonzalez 2017).

This considerable accumulation of wealth at the aggregate level has been accompanied
by an increase in the equity premium (Caballero, Farhi, and Gourinchas 2017; Reis 2022).
In Figure 1.3, we plot in black the total real return on national wealth in the U.S., computed
from national accounts reported by Piketty and Zucman (2014), against the real return on
the 10-year Treasury Bills. Apart from medium-term fluctuations, the total real return on
U.S. wealth has remained relatively constant over time while the real return has dramatically
decreased. Moreover, capital gains are volatile but represent a significant proportion of the
total return.

At the cross-sectional level, two stylized facts should be noted: (1.) the saving rate is an
increasing function of permanent income, and (2.) richer households invest a higher share

5That is, G%},f = Wt’1+%1§/11;:KG“1, where W; is the total real wealth held by households, S; is total

savings and K, is capital gains,
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Figure 1.3: Returns on wealth and Tobin’s

Note: This figure plots returns on total wealth in the U.S., computed from NIPA, and the Tobin’s Q reported in Piketty et al.
(2018).

of their wealth into risky assets (see Figure 1.4).

Those two facts are crucial to explaining the primary mechanism in our model: the
difference in saving rates along the distribution of permanent income implies that an increase
in labor income inequality can affect the desired aggregate savings. Those changes will, in
turn, affect the valuation of capital, which will create an excess return on capital compared
to the safe asset. Because richer households own a higher share of risky assets, this effect
will amplify wealth inequality, creating a feedback loop between labor income and wealth
inequality.
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Figure 1.4: Households and saving rates portfolio in the SCF along the wealth distribution,
1989

Note: The figure on the left reproduces the saving rates computed in the SCF in 1989 by Kumhof et al. (2015). The saving
rates are computed with a quantile regression and controlling for age. Gross saving rates account for unrealized capital gains.

1.3 Analytical model

In this section, we analyze what preferences can account for the positive relationship between
increasing marginal propensity to save out of permanent income and permanent income in
a simple analytical model with two-agent and a deterministic Lucas tree. We then explore

the general equilibrium implications of an increase in permanent labor income inequality.

We show analytically that, under standard preferences for consumption, the marginal
propensity to save out of permanent labor income shock is zero. When we add a homoth-
etic taste for wealth, the marginal propensity to save is constant, and the distribution of
permanent labor income has thus no impact on the price of equity. Only a particular form
of non-homotheticity in the taste for wealth can generate a marginal propensity to save,
which is an increasing function of permanent labor income, as we observe in the data. In
this case, the distribution of labor income becomes non-neutral and shapes both the wealth
distribution and the price of equity. Finally, we show that in a transition from a steady state
with low inequality to a steady state with high inequality, capital gains initially increase the
rise of the top 1% wealth share by increasing returns to wealth.

1.3.1 Environment

Both agents i € {1,2} differ in the level of endowment z; they receive at each period and
in the initial allocation of the deterministic Lucas-tree s;0.° Without loss of generality,

SEndowments should be viewed as permanent labor income. Differences in endowments could reflect
differences in productivity between the two agents.
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21 < zs, the total endowment is normalized to 1, and we define z = z5 (and so z; = 1 — 2).
One unit of Lucas tree delivers one unit of final good at each period.

Taking the sequence of prices for the Lucas-tree {¢;}7°, as given, each household i chooses
a stream of consumption to maximize lifetime utility, taking into account that she values
holding wealth by itself:
max Y Bilu(cie) +vv(gsi)l,

feit}i2o 120

subject to the budget constraint ¢;; + ¢sitv1 = (¢ + 1)sir + 2 and the non-negativity
constraint on equity s;;+1 > 0. Consumption is CRRA with a risk aversion of . For the

function v(.), we closely follow Straub (2019) and choose:"

(st +Q)' > -1
1-X '

v(gse) =

This function has two non-homotheticity parameters: the constant term ¢ and the relative

risk aversion 3.8 Both agents can trade equity s;;41 in . The equity market must clear at

all times:?

Vi, s1041 + S2,41 = 1.

We normalise s = sy and 51 =1 — s.

Definition 1.1. A competitive equilibrium is an initial distribution of endowment {10, S2,0},
sequences {¢i+}520, {Sit}i2o, and {q:}52, such that households solve their problems by taking

prices as given and the market for shares and the goods market clear at all times.

1.3.2 Analytical results

We start from the benchmark case with (1.) no taste for wealth v = 0 before (2.) adding a
homothetic taste for wealth and (3.) the non-homothetic taste for wealth case.

Without a taste for wealth

Proposition 1.1. When preferences are homothetic, the price of the equity is

Qt:<;_1> .

Vt, S1t = 51,0 and Sot = 520-

Proof. See Appendix A.1. O

"Our functional form only differs from Straub (2019) due to the constant term (.
8We denote that constant, the Stone-Geary parameter.
9Given Walras law, if the equity market clears, the goods market must also clear.
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Proposition 1 tells us that the equilibrium price for the Lucas tree is such that the two
agents are indifferent between saving and dissaving, and their wealth is constant over time.
In this setting, the marginal propensity to save out of permanent income is zero ds/dz = 0

while consumption reacts one-to-one with variations in permanent income dc/dz = 1.

This equilibrium can be thought of as an autarky equilibrium. Because both agents value
the asset at exactly the same rate 3, they will never have an incentive to trade. We thus
have an infinite number of possible steady states, which depends on the initial allocation
the two agents start with. We have two ways to move away from this result. The most
standard way is to bring in heterogeneous discount factors with 5, < 5. The other way is

to move away from homothetic preferences with v > 0.

Proposition 1.2. When discount factors are heterogeneous [3; > [B_;, at the steady state,

the non-negativity constraint of agent —i is binding, s_; =0, and q = (51 — 1)

Proof. See Appendix A.2. n

With heterogeneous discount factors, we now have a unique steady state. The impatient
household will always hit the borrowing constraint, and the patient household holds all
the wealth in the economy. This result confirms a finding in the literature that heteroge-
neous discount factors can generate a very high level of wealth inequality (Hubmer, Krusell,
and Smith 2021). However, this result does not depend on the endowment distribution
{w1, ws} and does not account for the relationship between marginal propensity to save and

permanent labor income. In the steady state, we recover that ds/dz = 0 and dc/dz = 1.

In this case, in the steady state, the level of labor income inequality is neutral on the level
of wealth inequality.!® This is an unappealing result, given the strong correlation between
the two in the data. It also generates a marginal propensity to save out of permanent income
are constant and equal to 0 for all levels of wealth ds/dz = 0.

Adding a taste for wealth

Proposition 1.3. When v > 0, focusing on interior solutions, the price of equity q and
the share of the Lucas tree held by agent 2, s, are implicitly defined by the following two

10T his result would not hold in an incomplete market setting with idiosyncratic shocks. In this case, the
level of buffer stock savings will be proportional to the level of permanent income. However, as shown by
Straub (2019), the linearity of the consumption function out of permanent income can be extended to a
model with precautionary savings, which implies that ds/dw > 0 but constant as a function of permanent
income.
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equations:*!

Gts) " (l—2-1_s7 (1.1)

11 (es+9~

g ! q (z+s)° 1.2
Proof. See Appendix A.3. O

Now, both agents value holding wealth (v > 0). Proposition 3 tells us that, at the
steady state, the price of the Lucas tree depends on the level of steady-state consumption
and wealth.

Equation (1) tells us that, at the equilibrium, the two agents equalize their marginal
rate of substitution between the marginal utility from wealth and the marginal utility from
consumption. The two agents will trade shares because they give a different value to savings
depending on their permanent income. Wealth is both a way to delay consumption and a
good that yields utility. Equation (2) gives that 1 + 1/¢ < 1/8. The additional motive
to accumulate wealth creates a wedge compared to the case without wealth in the utility
function where there is no trade.

Proposition 1.4. When 0 =YX =1 and ( = 0, at the steady state, the value of the Lucas
tree and the wealth position are given by:

1
qg=(1+ 27)(B — 1) and s = 2.
Proof. See Appendix A.4. n

Assuming log-utility, ¥ = ¢ = 1, and ( = 0, we can solve analytically for the equity
position s and the price of the equity ¢. A few comments need to be made. First, when
~v = 0, we fall back to the benchmark case with ¢ = (1/6 — 1)_1. Secondly, the price of the
Lucas tree is an increasing function of . The more weight the household puts on holding
wealth, the higher the equilibrium price to clear the equity market. Thirdly, inequality does
not affect the price ¢ because the marginal propensity to save out of permanent income is
constant ds/dz = 1 for all values of income. This means that households with different
levels of permanent income will have the same incentive to hold wealth. Finally, there is a
one-to-one relation between wealth inequality and labor income inequality, and the general
equilibrium effect neither dampens nor amplifies the direct impact.

Now, we introduce non-homotheticity by allowing for a positive ¢ but keeping o = X.12

We can solve analytically for the value of s as a function of q.

Which happens whenever w is not too close from 1.
12Preferences are now non-homothetic due to the ¢ parameter.
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Proposition 1.5. When o = X, at the steady state, the quantity of Lucas tree held by agent

§ = min{z(q+2<) — 2(,1}.

2 1is given by:

q—2¢

Proof. See Appendix A.5. m

In partial equilibrium, keeping ¢ as constant, the level of s (and of wealth inequality in
this setting) is an increasing function of the endowment of agent 2, z. It does not depend
on v. Hence, even if the weight on the taste for wealth is small, it is sufficient to generate
a non-trivial wealth distribution.'® The wealth position of agent 2 is an increasing function
of labor income inequality which is not the case with heterogeneous discount factors. We
need to check if this remains valid in general equilibrium when ¢ can adjust.

Proposition 1.6. When ¥ =0 =1 and ( > 0, the price of the Lucas tree is given by :

3 /48272 48621+ 4%y +4B2C2— 4B+ 2 —87C —8A(2 +4BC+4C2
_ By BCH+5 ¢t 5

1
1-3

And we have that: dq/dz = 0.
Proof. See Appendix A.6. n

Proposition 6 gives us that, in general equilibrium, the marginal propensity to save out

of permanent income is positive but constant whatever the level of labor income w:

d
—8:q+2C > 0.
dz q—2C

Even if we already introduce the non-homothetic parameter, (, inequality in endowments
has no effect on prices. Indeed, when the distribution of permanent income gets more
unequal, the dissaving at the bottom is perfectly offset by the increase in saving at the top,
keeping aggregate savings equal and everything else equal. Prices thus remain constant.
The result of Proposition 6 on the neutrality of the permanent labor income distribution

can be extended to the non-log case as long as o = X.

Proposition 1.7.

d’s dq
— >0 d— >0
a2~ o

d’s dq
@ < 07 and d72’ < 0.

I3Neither given by the initial allocation nor a corner solution like with heterogenous f.

When ¥ < o,

When ¥ > o,
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Proof. See Appendix A.7. O]

The first part of Proposition 7 tells us that the marginal propensity to save out of
permanent income increases with permanent income whenever ¥ < o. In that case, the
permanent labor income distribution becomes non-neutral on prices. Indeed, when the
permanent labor income distribution becomes more unequal, the dissaving at the bottom is
more than offset by the increase in saving at the top, so the price of wealth has to increase.

The second part of Proposition 7 tells us that the price of the Lucas tree is an increasing
(decreasing) function of inequality in endowments as long as the risk aversion for consump-
tion is greater (smaller) than the risk aversion for wealth. This result is quite intuitive.
When o > ¥, for low-income levels, the marginal utility with respect to consumption is
relatively larger than the marginal utility with respect to wealth. The household is better
off by increasing consumption compared to increasing wealth.

However, as income increases, the marginal utility with respect to consumption drops
faster than the marginal utility with respect to wealth. The household wants to devote a
higher share of income to accumulating wealth for higher income levels. The high-income
household is willing to accumulate more wealth. In general equilibrium, total wealth must
sum up to 1. Any increase in the wealth of the high-income agent must be compensated
by a fall in wealth of the low-income agent. Hence, the Lucas tree’s price has to increase
to push the low-income agent to dis-save and the high-income agent not to over-save. The

marginal propensity to save out of permanent income is positive and increases with wealth.

In this model, aggregate savings must be constant and equal to 1, by definition. Thus,
changes in the distribution of permanent labor income will increase the wvalue of wealth
without an increase in aggregate savings. In other words, who owns the wealth will impact
the price of wealth. This is a key result: the permanent labor income distribution is non-
neutral on prices whenever the marginal propensity to save or consume out of permanent
income is not constant. When the MPS out of permanent income is constant, any change

in the distribution in permanent income leaves aggregate variables constant.

We summarise what we have seen:

1. With homothetic preferences and homogeneous discount factors, the distribution of
endowment is completely neutral: it does not affect wealth distribution and prices.

The wealth distribution is indeterminate and is equal to the initial distribution.

2. With Stone-Geary non-homothetic preferences (preference shifter ( but the same risk
aversion for consumption and wealth ¢ = ) and homogeneous discount factors, the
distribution of the endowment is now partially neutral: it affects the wealth distribu-
tion, but it does not affect prices. The wealth distribution is an interior solution (as
long as the borrowing constraint is big enough and inequality is not too high).
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Figure 1.5: Steady-state equilibrium and evolution of returns following an increase in per-
manent labor income inequality

Note: The left figure shows the steady state equilibrium on the asset market. The light green curve shows the asset supply
from households when inequality is low. The darker green line shows the asset supply when inequality is high. The right
panel displays the equilibrium interest rate in a simulated MIT transition between those two steady states in a model with
and without capital gains. See Appendix B for details.

3. With non-homothetic preferences (preference shifter ¢ and different risk aversion for
wealth o # ), the distribution of endowment is not neutral: it affects the wealth
distribution and prices.

The main takeaway from this discussion is that a taste for wealth is consistent with
micro evidence of the positive and increasing marginal propensity to save out of permanent
income. Those preferences also imply that the distribution of permanent income becomes
non-neutral for asset prices. We will explore the quantitative implications it has on the
pricing of assets and wealth inequality in the rest of the paper.

1.3.3 Wealth inequality dynamics

Until now, we have focused on the impact of an increase in permanent labor income inequal-
ity on the price of financial assets at the steady state. In this subsection, we focus on the
impact of this increase in the price of financial assets on the dynamics of wealth inequality
during the transition from a steady state with low inequality to a steady state with high

inequality.

As shown in the left panel of Figure 1.5, an unexpected increase in permanent labor
income inequality'* implies that the long-term price of the financial asset ¢; increases. In a

141n this paper, shocks are always computed as MIT shocks. That is, households unexpectedly start a
new period in a new economic environment, in this case, characterized by a higher z5 and a lower z;. This
shock was not expected by agents, but once it’s realized, they expect the correct future path of prices.
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Figure 1.6: Increase in the top 1% wealth share explained by the endogenous change in
returns

Note: This figure shows the general equilibrium effect on the top 1% wealth share in three different models: the two-agent
models (left panel), a simple heterogeneous-agent model (center), and a two-asset heterogeneous agent model (right). See
Appendix B for more details about the HA and HA-two asset models.

transition, this higher long-term price has two main effects on the return on financial assets:
(1.) in the long run, the return d/q decreases, (2.) in the short run, the increase in the
price creates some short term capital gains, pushing up the return. Indeed, at period 0,
households bought the financial asset at the valuation of the initial steady state. However,
once the shock is revealed, the price jumps to a higher value, and the return becomes

d - Yss d .
T0:M>— if g1 > qss.

qSS (_Iss

This one-time increase in the return on financial assets has, in turn, an impact on the
distribution of wealth, since it redistributes a share of total income towards the owners of
capital. Figure 1.6 shows the effect of this endogenous change in returns on the top 1%
wealth share in three different models of household behavior.

In the three models, the effect follows a similar pattern: it is positive for the first periods
of the transition and becomes negative over the long run. This pattern follows the two effects
on the return mentioned before in the short run, rich households enjoy unexpected capital
gains on their wealth, increasing their financial income and hence their wealth position. Over
the long run, however, the effect reverses and the higher valuations decrease the interest

rate and their financial income.

Even though the patterns are similar in the two-agent, the one-asset heterogeneous
agent model, and the two-assets heterogeneous agent model, the magnitude of the effect
varies importantly. In the two-agent model, the general equilibrium effect is small, only
0.4% of the total increase in the 1% wealth share at the peak. In contrast, the general
equilibrium effect is two times larger in the one-asset heterogeneous agent model, reflecting
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the higher degree of wealth inequality. Indeed, when the steady-state top 1% wealth share
is higher, an increase in financial returns accrues mostly to rich households, amplifying the
effect on wealth inequality. The two-asset structure amplifies this effect further by allowing
households to endogenously invest a higher share of their wealth into the illiquid asset. Since
capital gains are paid only to the illiquid account, the distribution of capital gains is even
more unequal than in the heterogeneous-agent model. In this setup, the general equilibrium
effect is large: more than 10% of the total increase in the 1% wealth share is explained by

the endogenous change in return.

This exercise shows that our analytical results on the non-neutrality of the distribution
of permanent income on the price of financial assets are fairly general and still hold when
we add idiosyncratic productivity shocks and a two-asset structure. However, those settings
have a large impact on the magnitude of the general equilibrium effect on the top 1% wealth
share, as they amplify the share of capital gains going to the top 1%. Our quantitative model
in the next section will build on this insight, using a more realistic supply side.

To understand the specificity of the capital gains effect, we compare the general equi-
librium effect in this baseline model to a model that allows agents to accumulate physical
capital and to produce the consumption goods using a Cobb-Douglas production function!®.
In this model, the relative price of capital compared to the consumption good is one, and
capital gains are thus absent by construction. The orange line in Figures 1.6 and 1.5 display
the equilibrium return and the general equilibrium effect in this model. We abstract from
depreciation, and the returns are thus given by

Ty =aZkd

In this economy, an increase in savings has a "trickle-down" impact, as in most neoclassical
models. The higher savings from households increases the stock of physical capital, which
increases output and decreases returns. Since the price of physical capital is set to one
compared to the consumption good, the transition never features capital gain and the general
equilibrium effect is strictly negative. The higher accumulation of capital decreases the
financial income of the rich, limiting their accumulation of wealth.

1.4 Quantitative model

Our analytical model suggests that changes in the distribution of permanent labor income
can strongly impact asset prices if we account for the relationship between saving rates and
permanent income. We propose a model incorporating this insight into an Aiyagari-style

economy with two assets, imperfect competition, and a permanent income distribution.

15See Appendix B for more details on the calibration and the simulations of this economy.
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There is no aggregate TFP risk, and aggregate shocks on the distribution of permanent
labor income are modeled as MIT shocks!®.

1.4.1 Setup

Households

Demographic structure. There is a continuum of the household of mass one. Each household
supplies inelastically one unit of labor with a level of permanent productivity z;, and has
a probability of dying ¢ at each period'”. Every household is also subject to persistent,
idiosyncratic productivity shocks. The productivity e; follows a log AR(1) process:

log(e;) = plog(e;_1) + &f with & ~ N(0,0°).

Households can insure against the risk of dying with a non-optimal level of wealth by buying
an insurance contract on an annuity market, as in Yaari (1965) and Blanchard (1985). When
a household dies, its wealth is redistributed to surviving households by the annuity market,
and another household is born with zero wealth to maintain a constant population.

Portfolios. To insure against idiosyncratic shocks and satisfy their taste for wealth, house-
holds can invest in two saving instruments with different degrees of liquidity. They can
invest in a liquid asset b;;; that yields a return r?, or an illiquid asset a;y; that yields a
return r¢. Accumulating or decumulating illiquid assets is subject to a convex adjustment

cost -
. & i1 — (1"‘7’?)&15

Ay, Q) =
X(t+1 t) 2 (1+Tf)at+Xo

[(1+7) ar + xol

Households also face a borrowing constraint b.; > b on the safe asset, and risky assets

cannot be borrowed a;11 > 0.

Preferences. Households get utility from consumption ¢; and from their total wealth level

a; + b;. They have non-homothetic preferences, and the value function is given by:

V(ag, by, er, zi) = max {u(c) +v(ar + b)) + (1 — &) BEV (arsq, big, er41,2i) }

at+1,bt4+1

subject to ¢; + a1 + b1 + x(as1,a0) = (L +71H)ay + (1 + rf)bt +(1-— Tt)(zietwt)l’e,

1—0o -
where u(¢;) = S and v(a; + b;) = %

16 A MIT shock is a one-time unexpected shock on some parameter. From the model point of view,
this shock is a zero-probability event, and the following transition towards the steady state is completely
deterministic. Thus households don’t have rational expectations with respect to the variable that is shocked,
in this case, the distribution of permanent income.

171 stands for low, m for medium, and A for high.
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Government.

The government finances its exogenous spending G; and its debt repayment r?D; by taxing
four types of income: (1) a progressive tax on labor income, defined by the parameters 7
and A, as in HSV, (2) a tax on corporate revenues 7., (3) a tax on dividends 74, (4) a tax

on capital gains 7,. The law of motion of the public debt is :
Dy = Dy(1+ 7’?) +G -1 —7ady — 7.(Y; — Lwy — 0Ky) — Tg(pes1 — pr),

with [y = Lw, — Y;(1 — 1) [(wierz:)' " dpy. We take 7., 744, 7, and 7; as exogenous. At the
steady state, G adjusts to maintain a balanced budget. In the transition, the government
follows a fiscal rule!'®

Gss - Gl,t = ¢(Dt+1 - Dss)-

Firms

The supply side is composed of an intermediate-good sector in imperfect competition and
final-good producers in perfect competition. The capital stock is owned by the firms in the

intermediate sector.

Final-good producer. The representative final-good producer aggregates a continuum of
intermediate inputs indexed by j:

1 e—1 sil
Y = </0 Yii dj) .

The price of the final good is normalized to one. The problem of the representative final-good

R 1
max i d‘) _/ i
{yj,t}ie[o,u </0 y]’t J 0 DPjtYit

Taking the first-order condition with respect to a variety y;;, we get the demand for
1

Djt -
= Y,.
yj,t < Pt ) t
1—e¢

With P, = ( fol p;tsdj) being the price index. As the representative final-good producer

producer is given by:

each intermediary input j:

is in perfect competition, the price of the final good will be equal to the marginal cost, P,.

We normalize the price of the consumption good to 1.

Intermediate producers. The firms in the intermediate goods sector produce those inputs

using Cobb-Douglas technology, make investment decisions, and pay a corporate tax, a

18This fiscal rule is used only for computational purposes to help clear the liquid market during the
transition. It does not affect our core results.
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dividend tax, and a capital gains tax to the government. They pay a dividend
djs = (1— <?Jgt sz tl; t> —kjp1 + (1= 0)kj + 7:0kj,,

where

= ko117

Jit"g,t

They freely set their prices to maximize intertemporal profits:

Vt+1 (kt—i—h Qt)

V(ky, qo1) = max (1 —714)dy + Tyqe—1 + (1 — 74)K(r}, ) ,
1 -+ Tt-i—l

)
kt41,qt,lt

subject to the technology constraint and the demand function of the final-good producer:

Yir = Djt Y.

The x(r{,;) in the Bellman equation of the firm creates a wedge between the discount factors
of the owners of the firm and the discount factor that the managers of the firm will use to
determine future investment in physical capital. We use this friction to match the aggregate
Tobin’s Q in 1970, as in Brun and Gonzalez (2017). The following subsection explains how
this friction and the corporate and dividend taxes affect the equity and physical capital
schedule.

The intermediate producer chooses labor and investment to maximize the firm’s value.
This yields the following first-order conditions:

1_'_1 e—1
5 — (1 — 1) —— kY 1 — (1= 7)0
/{(rt) Oé( T) c 7.t Vgt + ( T>7
€ =1y
— 1_ - .77‘
we= - L

Since we assume that all intermediary firms are the same in our economy, that the aggregate
labor supply is equal to 1, and that there is no price rigidity, y;+ = vy, total output is given
by:

1 e—1 . ?61
Ytz(oytfc@ =y =k}
1lliquid asset market In the illiquid asset market, in period ¢, equity shares are traded at a

price p;y1. The return on the illiquid asset is given by:

(1 = 7g)dig1 + 1 — To(@1 — @)
qt

L+ri, =
Using this relationship, the price of the firm can be expressed as a function of dividends and
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returns, assuming no bubble:

> (= 1 1-—
w=2_ |11 .

1 S I
Jj=1 \ =0 +’7:ET g

Definition 1.2. Let A be the space for illiquid wealth, B be the space for liquid wealth, Z
the space for productivity, and S the space for permanent type.

An equilibrium in this economy is defined as paths for household and firm decisions
{ai11, besr, ke, oy di, 152, factor prices {rd, 2w}, the taz policy { N, Tie, Te.es Teds Teg o
measures {p}2, and aggregate quantities, such that, for all t: (1) households and firms
solve their objective functions, (2) the sequence of distributions satisfies aggregate consis-
tency conditions, (3) the government budget and decision rue constraint holds, and (4) all
markets clear at all times:

1. The liquid asset market clears:
/ bdp(a,b, e, z) = D.
AXBXZxS
2. The illiquid asset market clears:
/ adpi(a,b,e, z) = g1
AXBXZXS

3. The labor market clears:
lt - 1

4. The goods market clears:

i+ (1=0)K, =Ci+ Kiyq + X(as1, ar)dpg(a, b, e, 2).
AxXBxZxS

1.4.2 Labor income inequalities and Tobin’s Q

Valuation effects under imperfect competition

A key result of this paper is that in the presence of non-homothetic preferences and with
imperfect competition, an increase in permanent labor income inequality will increase the
Tobin’s Q. In this section, we focus on the steady change for analytical clarity.

In the previous section, we studied two polar examples of the supply side. First, a model
with a deterministic Lucas tree, where the asset supply is constant and hence all changes in
asset demand from households imply an equivalent change in asset prices. This was a pure
model of valuation effects. Then, we studied a model in which the price of financial assets is
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set to one and where all changes in asset demand from households imply an equivalent change
in physical quantities. The imperfect competition setting studied in this quantitative model
is an intermediate case, where changes in asset demand from households imply a change in
both the price of financial assets and the quantities of physical capital. However, the price
of capital reacts more to changes in asset demand than the quantity of physical capital,
which means that an increase in asset demand increases the average Tobin’s ), defined as
the value of the firm divided by the value of its physical capital.

The reason for this valuation effect is intuitive. With imperfect competition, the valu-
ation of the firm at the steady state can be decomposed in two terms: the net discounted
normal profits, and the net discounted excess profits stemming from the pricing power of
the firm. A decrease in the real return on illiquid assets will increase the firm’s valuation

because excess profits will now be discounted at a lower rate. Indeed, the price of equity at

the steady state can be written as!®
d
— (-7
q=(1—1a) s
1—71,Rfr*K Y
- 1—7.)(1— .
I—714 1 +( ) Td)r“e
—_——

Net discounted

Net discounted excess profits

normal profits

Hence, when r* falls, the firm’s valuation ¢ increases because of two effects:

dq 1—1g dK (1—71)(1—m1)d(Y/r)
—_— = K
dre 1 -1, dr® € dre

First, the fall in r* increases the demand for capital K, and so, the value of the firm.
Secondly, the fall in r* increases the discounted excess profit from the imperfect market
structure 7};—6 Due to the second effect, the firm’s valuation overreacts to variations in the
return on the illiquid market compared to the demand for capital:

dq
dre

dK
dra

>

Therefore, the average Tobin’s QQ increases whenever the return on the illiquid market r¢
falls:

_ 41
K
1—Td7 Y dQ

= 1—7)(1 — d — <0
1—7'9/{—{—( 7e)( Td)TKe " dre =

Figure 1.7 summarizes those findings by representing the equilibrium in the illiquid asset

a
Tt

1+
9Here, we assume that the friction takes the form x(rf) = "7, This is to ensure that the capital

147 L

and price schedules are monotonic. In our calibration, K < 1.

27



market. The green line shows the supply of savings from households, while the blue line
shows the value of the firm and the orange line shows the capital stock of the firm. The
equilibrium is at the intersection of the supply of savings from households and the value of
the firm. On the household side, as shown in Section 3, any increase in permanent labor
income inequality will increase aggregate savings due to the increasing marginal propensity
to save out of permanent income. The dissaving at the bottom is more than offset by the
increase in savings at the top, and the supply of savings is shifted to the right. In general
equilibrium, r* should thus decrease. On the firm’s side, the imperfect competition setting
implies that the price of the firm will react more to changes in returns than its stock of
capital, as in Brun and Gonzalez (2017). Thus, when we shift the saving curve upward, as
in Figure 1.7, the value of the firm will increase by more than the stock of capital, increasing
Tobin’s Q.

10

t, %

0 2 4 6 8 10 5 10 15
Capital, Equity Tobin Q (Q/K)

Figure 1.7: Impact of an inequality shock

Note: This figure shows the equilibrium on the illiquid market at the steady state. The blue line shows the value of the firm
as a function of the return r?, the orange line shows the capital stock of the firm and the green lines show the saving curve of
households.

Note that the key element in this mechanism is imperfect competition: the price of the
firm overreacts to changes in returns because of the increase in net discounted excess profits.
The taxes on dividends, capital gains, and corporate revenues, along with the friction on
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the discount factor of the firm, are not enough to create variations in Tobin’s QQ when the
return on the illiquid asset changes. Indeed, in the perfect competition case, when ¢ — oo,

1 — Td__ dQ
k and
1—1 dr®

However, they allow us to match the Tobin’s Q observed in the data before 1970.

we have

Q= =0.

Capital gains in the transition

In the previous subsection, we showed how an increase in labor income inequality impacts
the firm’s valuation at the steady state. In this section, we explain how this inequality shock

creates some short-term capital gains.

As we showed in the analytical model, an unexpected shock in the distribution of per-
manent labor income — i.e., a shock on (2, z,,) — increases desired aggregate savings. This
increase in aggregate savings decreases the long-term real returns (r¢,7%). As households
are surprised by the change in the path of variables, the ex-ante anticipated equity price
does not equal the ex-post equity price, increasing the realized return on illiquid assets in
period 0 of the transition. The expected return at the steady state was
(1 — 7.)dss

re, = ——
ss

but the realized return is

1 - c dSS 1 - - SS .
,r,g — ( T) +( TQ)(QI q ) > 7,,?8 lf ¢ > s,

Qss

where ¢; is the price at the first period of the transition. Only this initial return on the
illiquid asset following a permanent labor income shock differs from the expected return,
and there is perfect foresight for the remaining periods of the transition. However, because
we model the increase in permanent labor income inequality as a sequence of unexpected
MIT shocks between 1980 and 2020, households are consistently surprised by the higher

return on the illiquid asset for the initial 50 years of the transition.

This myopic behavior of households in the transition is obviously a strong simplifying
assumption, but we argue that it captures some realistic features of household behavior that
have been recently developed in works that include some behavioral frictions in heteroge-
neous models. Our model can be seen as a reduced-form implementation of the behavioral
friction introduced by Auclert, Bardéczy, et al. (2021). In their model, households in-
frequently update their information sets about aggregate shocks and the price of illiquid
assets.

An alternative would be to assume that households had perfect knowledge of the future
increase in permanent labor income in 1980. This would be unrealistic, as it implies that
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households forecasted the entire evolution of the distribution of permanent labor income
accurately to predict changes in returns, whereas economists themselves have only recently
understood this increase in inequality. Another counterfactual implication of this alternative
is that since rich households expect their wage to increase in the future, they would decrease
savings today to smooth their consumption, whereas poor households would do the opposite.
This consumption smoothing behavior would imply that an increase in permanent labor

income inequality decreases wealth inequality.

A last possibility is to compute a one-time shock on permanent labor income inequality.
The capital gains would thus be concentrated on the first period of the transition, which
speeds up the increase in wealth inequality. This solution has the benefit of being orders of
magnitude faster computationally than our benchmark results but doesn’t change the main
results that we describe in the next subsection. The main results of this one-time-shock

transition can be found in the Appendix.

1.4.3 Calibration

We calibrate our initial steady state on U.S. data between 1960 and 1970.

Permanent income distribution. We calibrate the distribution of permanent labor income
inequality, characterized by the parameters {z;, z,,, 2z, } on the labor income share observed
in the U.S., as measured by Piketty (2018). To move from the empirical labor share to the
parameters z,, we use the following formula

Ws
Zs = —,
s
where w; is the labor income share observed in the data and u, is the mass of agents with

permanent income zg in the model.

Households. As standard in the literature, we fix ¢ = 2 and internally calibrate the rest
of the preference parameters of the household to jointly match the wealth distribution in
1970 and the marginal propensity to save computed on the SCF in 1983 (see Appendix for
details). We calibrate the illiquidity parameters on the portfolios observed in the SCF in
1989. We use the year 1989 as it is the oldest vintage available in the SCF with detailed
information about portfolio composition. For the idiosyncratic productivity shocks, we
follow Straub (2019) and set p = 0.9 and o, = 0.2.

Table 1.1: Wealth distribution at the initial steady state

Bottom 50% Middle 40% Top 10% Top 1% Top 0.1%

Data PSZ (1970) 1 29 69 26 9
Model 3 29 67 27 9
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Government. We fix (T19s0.¢, T1980,d, T1980,g) t0 (0.35,0.4,0.19), as reported by Brun and
Gonzalez (2017), and we adjust B to match an aggregate ratio q%a = 30% to match the
illiquid-to-liquid ratio reported in the national accounts. \jgg9, the progressivity parameter
in the HSV tax function is equal to 0.18, as in Ferriere, Griibener, et al. (2023). We then set

% = 10% and use the labor tax rate 7;; to solve the budget constraint of the government.

Table 1.2: Share of illiquid assets along the wealth distribution

Ql Q2 Q3 Q4 Q5 D10 P100

Data SCF (1989) 31 58 71 71 78 79 83
Model 10 39 45 55 76 77 91

Firms. We target a labor share of %, as is standard in the literature, and fix the elasticity
of substitution between inputs € = 6 to obtain a markup of 20% and adjust the capital share
a to match a labor share of % We adjust the depreciation rate d to obtain a ratio % = 250%.
We then adjust the firm’s patience x to obtain a Tobin’s Q of 0.7.

Table 1.3: Marginal propensity to save along the permanent labor income distribution

MPS low MPS mid MPS high MPS Agg

SCF (1983) 0.28 0.45 0.68 0.3
Model 0.25 0.46 0.52 0.27

Table 1.1, Table 1.3, and Table 1.2 report the wealth distribution, the marginal propen-
sity to save along the distribution of permanent labor income, and the portfolio shares at
the initial steady state. We use the SCF in 1983 to estimate the marginal propensity to save
out of permanent income since it is the only year where the SCF had a true panel®*. Our
model fits well the very top of the wealth distribution, up to the 0.1% share, but slightly
underestimates the top 10% wealth share and overestimates the share of the bottom 50%.
Our calibration also reproduces the stylized facts of the marginal propensity to save along
the distribution of permanent income, and we obtain an aggregate MPS of around 0.3, a
calibration similar to the one of Straub (2019). Finally, our portfolio shares match the
increasing nature of illiquid assets along the distribution of wealth but underestimate the
share of illiquid assets owned by the middle of the distribution.

20We follow Kumhof, Ranciére, and Winant (2015) to estimate the marginal propensity to save, using the
same dataset. Note that a panel is also available for the SCF in 2008, but given the specificity of this year
in the U.S., we choose not to use it to calibrate our model.
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Table 1.4: Calibration of the model

Parameters Description Value Source

Preferences

I3 Discount rate 0.92  Internally calibrated

vy Weight on taste for wealth 2 Internally calibrated

o CRRA coefficient for consumption 2

by CRRA coefficient for wealth 1.7 Internally calibrated

¢ Stone-Geary parameter for wealth 6 Internally calibrated
1lliquidity cost

X0 0.8 Internally calibrated

X1 3 Internally calibrated

X2 2 Internally calibrated
Production

@ Capital share 0.2 Capital share of 0.33

Zs Permanent labor income Piketty et al (2018)

€ Inverse markup 6

1) Depreciation rate 0.07  Capital-output ratio of 2
R Friction in the firm’s discount rate 0.1 Target a Tobin’s Q of 0.5

labor income process

p Auto-correlation of idiosyncratic shocks 0.9 Straub (2019)

Oe Variance of idiosyncratic shocks 0.2 Straub (2019)
Government

D Government debt 0.9 Internally calibrated
b Elasticity of public debt 0.1

A19s0 Tax progressivity 0.17  Ferriere et al (2018)

T Labor income tax 0.12

T1980,c Corporate income tax, 1980 0.35  Brun, Gonzales (2017)
T1980,d Dividend tax, 1980 0.4 Brun, Gonzales (2017)
T1980,9 Capital gains tax, 1980 0.19  Brun, Gonzales (2017)

1.5 Impact of an increase in permanent labor income

inequality

As shown in the previous section, our quantitative model captures the key relationships
between labor income inequality, the marginal propensity to save, and households’ portfolios
while generating a realistic distribution of wealth. We now ask two questions. First, what is
the role of each element in our model in determining the distribution of wealth at the steady
state? Secondly, how and through which channel did the increase in post-tax permanent
labor income inequality affect the distribution of wealth? We answer these questions by
(1.) proposing a simple decomposition of the distribution of wealth at the steady state,
as in Hubmer, Krusell, and Smith (2021), and (2.) by running a transition matching the
observed increase in labor income inequality in the data in partial equilibrium and general
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equilibrium.

1.5.1 Steady-state decomposition

Table 1.5: Contribution of different channels for steady state inequality

# Bottom 50% Middle 40% Top 10% Top 1%
1 No permanent labor income inequality (z; = 1) 5 18 -23 -16

2 No transitory shocks (o, = 0) -1 -7 7 5

3 No tax redistribution (A = 0) -1 -6 7 4

4 One-asset (x1 =0) 0 2 -2 -3

5 Perfect competition (¢ = o0) 5 9 -15 -14

6 No capital tax (1, = 0) 0 -1 1 6

7  No labor tax (1, = 0) 1 6 -7 -6

Note: This table displays the p.p. change in the wealth distribution for each quantile after removing a given feature of the
model, keeping the calibration constant. For example, the first row says that removing heterogeneity in permanent labor
income decreases the top 1% wealth share by 16 p.p.

Table 1.5 decomposes the factors behind the distribution of wealth in our full model.
The main drivers of inequality at the steady state are the distribution of permanent labor
income (line 1), the imperfect competition setting (line 5), and the tax on capital (line 6).
Note that because of the non-linear nature of the model, the different effects don’t sum to
the total wealth shares.

The major role of the distribution of permanent labor income is not surprising. As we
have seen in Section 3, with a non-homothetic taste for wealth, households with higher levels
of permanent labor income have a higher marginal propensity to save and will thus accu-
mulate more wealth than poorer ones. In contrast, the idiosyncratic transitory shocks have
a smaller impact on the distribution of wealth, which explains why standard heterogeneous-
agent models usually have a hard time generating high degrees of wealth inequality. As in
Hubmer, Krusell, and Smith (2021), the idiosyncratic transitory productivity shocks dampen
wealth inequality due to the precautionary motive.

Secondly, the imperfect competition setting also generates a high level of wealth inequal-
ity. In our simulations, we set ¢ to a very high value and adjust a to keep the labor share
constant. Thus, the impact of switching to perfect competition displayed here does not
come from a change in the labor share but from two different effects on the firm side: an
increase in the demand for capital of the firm and a decrease in the equilibrium profits and
valuation of the firm. Those two effects increase the capital stock in equilibrium and, hence,
the total output, increasing wages and decreasing wealth inequality.

Thirdly, removing the taxes on dividends, capital gains, and corporate revenues also
decreases wealth inequality in equilibrium. This comes from two effects. First, for a given
level of physical capital, removing those taxes increases dividends and, thus, the return
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on equity, benefiting households already owning a lot of wealth. Secondly, removing those
taxes also changes the firm’s demand for capital and its valuation in equilibrium. In our
calibration, this increases the Tobin’s (Q and decreases the quantity of physical capital in
the economy, decreasing output and wages and amplifying wealth inequality.

Finally, the two-asset structure endogenously creates the type of "scale-dependence"
described by Gabaix et al. (2016); that is, the return becomes an increasing function of
wealth. Indeed, due to the transaction cost associated with illiquid assets, portfolios are
not homogenous across the wealth distribution. At the bottom of the wealth distribution,
the probability of hitting the borrowing constraint makes households risk averse, and, as a
result, poor households prefer to hold liquid assets. As households get richer, the probability
of hitting the constraint falls, and the fraction of risky assets in their portfolio increases,
increasing the total returns they enjoy on their wealth. This mechanism remains relatively
small since the illiquidity premium is small in our model. It is, however, important in
determining the strength of the general equilibrium effect, as we will show in the next

section.

1.5.2 Transition

We now focus on the main quantitative exercise of this paper: the simulation of this econ-
omy following a shock on the distribution of permanent labor income. More precisely, we
simulate a sequence of unexpected MIT shocks on the sequence of (zp, 2, 2;) and on the tax
progressivity parameter );, using the Sequence Space Jacobian method (Auclert, Bardé6czy,
et al. 2021). A description of the algorithm is available in the Appendix. We set the
(214, Zm.ts #nt) to the pre-tax labor income shares observed in the data in Piketty, Saez, and
Zucman (2018) from 1970 to 2020. As shown in Figure 1.8, we have a perfect match for the
top 10% and top 1% labor income shares since there is a one-to-one mapping between those
empirical targets and our parameters. For the progressivity parameter \;, we use estimates
from Ferriere and Navarro (2018).

Prices. Let us first focus on the change in prices. Figure 1.9 plots the evolution of the
wealth-to-output, Tobin’s Q, and returns during the transition. First, the wealth-to-output
increases by 10 p.p. compared to the initial steady state. Due to imperfect competition,
most of the increase in wealth comes from a price effect instead of a quantity effect, and we
thus capture the qualitative evolution of wealth in the U.S. Secondly, the Tobin’s (Q moves
from 0.84 in 1970 to 0.9 in 2020, due to those valuation effects. Finally, the illiquidity
premium increases as the return on the safe asset decreases while the return on the illiquid
assets increases slightly due to the unexpected nature of capital gains. The path followed
by returns is consistent with the main finding of Reis (2022), who empirically observed a
relatively stable return on capital over the last 20 years, combined with a fall in the return
on the liquid asset.
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Figure 1.8: Top labor income shares in the data and in the model

Note: This figure shows the top pre-tax labor income shares in the data (Piketty et al. 2018) and in our model.

Wealth-to-output ratio Tobin's Q Returns
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Figure 1.9: Evolution of prices in the model

Note: The figure on the left shows the p.p. increase in the wealth-to-output ratio in blue and the increase in the physical
capital stock to output in orange. The middle graph shows the evolution of the Tobin’s Q. The right figure plots the evolution
of the returns, with the dotted line showing the evolution of returns in the perfect competition case. Note that the changes
are volatile until 2020 because we use the actual changes in permanent labor income observed in the data. They are smooth
afterward because of the lack of additional shocks.
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All those trends continue even after permanent labor income inequality stops increasing.
Specifically, our model then predicts a long-term decrease in the return on capital that will
remain modest compared to the decrease in the safe asset, increasing the illiquidity premium.
This happens for two reasons. First, while capital gains push up the short-term return on
the illiquid assets, the long-term return on the illiquid asset is determined by the marginal
productivity of capital. As we have shown before, with imperfect competition, most of the
increase in wealth comes from a valuation effect, and the economy accumulates very little
physical capital. The long-term marginal productivity of capital will thus decrease very
little, and the same will be true of the return on the illiquid asset. Secondly, the elasticity
of the demand for safe assets from the government with respect to the interest rate r° is
zero, while the elasticity of the demand for risky assets of the firms with respect to the
interest rate r® is negative. Hence, when the return on the risky market falls, the demand
from firms increases, which limits the fall in the return on the risky market. On the safe
market, the demand from the government does not increase with the fall in return on the
safe market. Therefore, the return on the safe market falls by more than the return on the

risky market.?!

Top 1% wealth share General equilibrium effect
150 70 —— With capital gains
125 7 e Without
60
10.0 A
o S 50
P 9]
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Figure 1.10: Increase in the top 1% wealth share and general equilibrium effect

Note: The figure on the left shows the p.p. increase in the top 1% wealth share in the model and the data. The orange line
shows the increase in general equilibrium, and the green line shows the increase in partial equilibrium, keeping returns and
wages constant. The shaded area between the two is the general equilibrium effect. The figure on the right displays this general
equilibrium effect as a percentage of the total increase in wealth inequality in the model. The dotted blue line shows the same
general equilibrium effect in a model with perfect competition and no capital gains.

Wealth inequality. We can now focus on the response of wealth inequality, which we

21This is driven by the fact that our model’s supply of safe assets consists exclusively of public debt
and that we assume that public debt remains constant in the transition. This is obviously a simplifying
assumption but is in line with the fact that the share of risky assets in households’ portfolios has increased
significantly over the past 50 years.
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decompose in a partial equilibrium and a general equilibrium effect. To isolate the gen-
eral equilibrium effect, we run a transition in partial equilibrium, keeping prices constant
and only allowing the parameters {z;} to change. We then run a transition in general
equilibrium, adjusting all prices to maintain market clearings. We then define the general
equilibrium effect on the top wealth share as

GE — Top wealth shares™ — Top wealth shareP™" !
" Top wealth sharef™™ _ Top wealth shareeeral’

Figure 1.10 displays the main result of our model. The left panel shows the increase in the
top 1% wealth share due to the increase in permanent labor income, while the right panel
shows our measure of the general equilibrium effect.

As shown in the left panel, our model matches both the speed and the magnitude of
the increase in the top 1% wealth share and predicts that this trend will continue in the
future. Most of this increase is driven by a partial equilibrium effect, represented by the
green line in the left panel of Figure 1.10. High-productivity households receive higher
wages and can thus accumulate more wealth. This effect is amplified by the fact that their
marginal propensity to save increases as they become richer. At the bottom of the labor
income distribution, the opposite effect occurs: poorer households dissave following a shock
on their permanent level of labor income, and their marginal propensity to save decreases

as well.

However, as we mentioned before, because of the non-homothetic nature of the taste
for wealth, the increase in wealth from the high-productivity households is larger than the
dissaving from the poorer households, which increases aggregate savings and changes the
equilibrium prices. The effect of this price change on the top 1% wealth share is displayed
by the blue-shaded area in the left panel of Figure 1.11 and by the blue line in the right
panel. In 2020, the general equilibrium effect contributed 10% of this increase in the top 1%
wealth share and stayed positive until approximately 2100. This means that the change in
prices due to a change in permanent labor income inequality increases the speed at which
the model’s top 1% wealth share increases. It becomes negative after that point, meaning
that, over the very long term, the price change actually decreases wealth inequality, as the
lower returns negatively impact the wealthy.

Decomposition of the GE effect. We can further decompose this general equilibrium
effect between a return and wage effect. Figure 1.11 shows the result of this decomposition.
First, the change in returns increases wealth inequality initially, as richer households, who
own mostly illiquid assets, enjoy the capital gains, while poorer households, who own mostly
liquid wealth, dissave more as the returns they face decrease quickly. Over the long term,

however, both returns decline, and this return effect becomes negative.

Secondly, the increase in the stock of physical capital also increases wages, creating a
"trickle-down" effect that dampens the top 1% wealth share slightly over the long term.
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Figure 1.11: Decomposition of the general equilibrium effect on the top wealth shares

Note: This figure decomposes the general equilibrium effect between a wage effect and a return effect.

This effect is negative, as it mostly benefits the poorest households, who get most of their
income from labor. However, because the stock of capital increases very little, this effect is
quantitatively very small and does not significantly decrease the top 1% wealth share. In
contrast, the dotted line shows the effect of this channel in a model with perfect competition.
In this model, there is a one-to-one increase in aggregate savings and the stock of physical
capital: wages increase by more, and this channel decreases the top 1% wealth share by 5%

in the long run.

1.6 Conclusion

In this paper, we have studied the specific role of capital gains to account for the rise in
wealth inequality in the US since 1970. Our contribution is threefold. (1) In a simple
analytical model, we identify the preferences consistent with micro evidence on marginal
propensity to save out of a permanent income shock. (2) In a quantitative model calibrated
on US data, we endogenously generate valuation effects that create an excess return on the
equity market. (3) We quantify the size of this capital gain channel by wealth groups and

over time.
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A Appendix: Analytical model

A.1 Proposition 1
The Lagrangian of our maximization problem is the following:
(e}
L({Sipr1}{Nis}) = Z Bilu(zi+ (1 + q1)Sit — GSigs1) + NigSir]
=0
Taking the FOC with respect to s; 41, we get:

@' (Cig) = Bi(1 + )/ (Ciggr) + Nig

We will ignore the borrowing constraint and check ex-post that the sequence {a! .1} does
indeed satisfy the borrowing constraint.
The Euler equation of the household problem gives us ¢;; as a function of ¢;;_1:
) 1
_|_ o
Vt, Cit = <Bqt+1> Cit—1
d

As it holds for the two agents, taking the ratio of the two Euler equations, we get that:

Ci Cot
vt, —— = ——
C1t—1 C2t—1
Since we have that ¢; ;1 + co4—1 = c14 +c2y = 2, Vi, consumption is necessarily constant
over time. This is only possible if:

1+ g1
qt

Vt, —1

As consumption is constant over time, the asset position remains the same, and we have

that:
Sitr1 = Si’ovi S {172}, vt > 0.

Hence, the borrowing constraint is indeed satisfied at all times.

A.2 Proposition 2

At the steady state, consumption is constant and the equilibrium allocation {r, s1, s9, A1, Ao }

is characterized by the following four equations:
1 /!
1=75 1+§ + M/ (l—2z+1—5),
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1
1=/, <1+ q) + X/ (2 + ),
M(1l—2z4+1-35)=0,
Ao(z+5)=0.

We are going to prove proposition 2.2 by contradiction:

First case: assuming that the borrowing constraint does not bind for the two agents.
It must be the case that A\; = Ay = 0. Equations (3) and (4) imply that :

1+1_ 1 _1
q B B2

This is not possible since we assumed that 5 # [s.

Second case: the non-negativity constraint holds for agent 2 and not for agent 1. In
that case, Ay > 0 and A\; = 0. Putting equations (3) and (4) together, we have that:

| 1 ,
B (1 + q) = [ (1 + q> + Ao /u'(¢2)

This is not possible since Ao /u(c2) > 0 as marginal utility is always positive and we assumed
that 52 > 61.

Third case: the borrowing constraint holds for the two agents. This is trivially impos-
sible, as the market clearing condition on the equity market would not hold.

The only possibility is that s; =0, and 1 + % =0

1
T B2

A.3 Proposition 3

When we include a taste for wealth v > 0, the Lagrangian of our maximization problem is
the following:

L{sier}, {N}) = i})ﬁt[u(% + (L4 g)sie — sipr1) +yv(@sie) + AieSip]-
Taking the FOC with respect to s; .1, we get:
g (cip) = BI(L + qer)u (Cipr) + 70 (@ipr1) + Aig-
At the steady state for agent 1:

W(l—z4+1—s) =81+ ;)u/@ — 24+ 1—8)+ By (q(1 — 5)) + A,

44



val-s)

1 1
— —=1+- .
o} +q—i_vu’(l—z+1—s) W(l—z+1-253)

For Agent 2:
1
() = B+ D+ 8) + 570/ (a9) + e

1 1 ! A
= =144 v'(gs) 2
g q wW(z+s) u(z+s)
Our steady-state allocation {s,q, A1, A2} is characterized by the following system of four
equations:
1 _ 1 v'(q(1=5)) A
B8 L+ q + fyu’(l—z—&—l—s) + u’(l—z}l—l—s)’
1_ v'(gs) A
B8 L+7r+ ,yu’(z—l—s) + u’(zi—s)’
)\18 = 0,
)\2(]. - S) =0.

When there is an interior solution, putting the first two equations together gives the equi-
librium level of equity holdings s as a function of ¢ :

v'(g(l=3s))  v'(gs)

W(l—z+1-—5) W(z+s)

A.4 Proposition 4

When ¢ = ¥ and assuming that the non-negativity constraint on equity holdings, the
equation equating the two marginal rates of substitution becomes:

gs+¢ _ g —s)+¢

s+ z l—s+1—-=x

2q+22¢—2C
q—2¢

In the general case (incorporating binding constraints), equity holdings are given by:

, {zq+2z(—2( }
s=miny —, 1
q—2¢

A.5 Proposition 5

In the case of log utility o = ¥ =1 and { = 0, equity holding becomes:



Plugging that in the Euler equation of one of the two agents, we recover the price of the

equity share:
1 1 5+ z

Plugging the solution for s:

1 1 2 1+2y 1 142
I+-=—5—7- < +7:——1<:>q:1+7
¢ B q q g 71
9q dq 9q
>0, >0,and —— =0
88~ oy~ MG,

The price of the Lucas tree is not a function of labor income inequality.

A.6 Proposition 6

Assuming an interior solution:
_2q+2yC —2C
q—2¢

Plugging that in the Euler equation of one agent:

2q+2z2(—2C
0 TR
1 3 1 2 1 2
(B—l)zq + (3—1)4(22—1)—272—z q¢ + 27—22—1—1—2(5—1)( Cg+2¢=0

Notice that this third-order polynomial has a root equal to % This root is not a solution
to our problem as it is inconsistent with the non-negativity constraint on equity holding.

To see that:
C(+220-2¢ 22z-1

-2 : =2

z

<0

Hence, we can rewrite the last equation as being equal to:

(4 §><<1 _B)q + (26 — (28 + 25¢ + B))q — 28¢) = 0

And we can ignore the first term and only solve the following second-order polynomial:
(1= B)q" +[2¢ — (287 +28¢ + B)lg — 26¢ =0

Computing the discriminant:
A= (20— (287 +26¢+ B) +8(1 - p)B¢ >0
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The second-order polynomial takes two roots:

—b— VA b+ VA
G=——F——andg@p=—F7"

2a 2a

The root ¢ is strictly lower than 0. Indeed: (1 — 5)5¢ > 0, and so

A > [2¢ — (287 +2B¢ + B)]~

Hence:

, o Tb=VE (20 (2B + 260+ B - X0 - 287+ 28+ P

2a 2(1-B)

Hence, we do have that ¢; < 0 and we know that ¢; is not a solution to our problem.

The equilibrium solution price is hence given by:

45272 +8627(+4527+45%C2 452+ B2 —81( BB +45(+4¢
q*:67+54+§—c+‘/ e — .

1
1-3

Crucially, dg¢*/dy = 0 and the labor income distribution does not affect the equilibrium
price of equity.

A.7 Proposition 7

Taking the Euler equation of agent 2:

1o 1 (497
8 ! ¢ g+ 07

And differentiating with respect to z:

2 o+ ) =+s) a5+ Q7 =B + a8 )as + OV (2 4 8)°

¢ (gs + ¢)*>
dg o(1+ %) (gs+¢) — (5% + %) (2 + ) _ _
— ?:7 dz (q5+<>2gz dz (Z-'-S)U 1(q8+<)2 1
ds dq
<:>O—(11+b1%—61£

(gs + )=

With a; = O'((]S—l—C), by = O‘(QS—FC) —Z(z—i—s)q, = 2(2+S)S+W

We need a second equation as we no longer have a closed-form solution for s. Taking
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the Euler equation of agent 1:

1 1 (2—2z—3)
[ — — - = ry
B ¢ (g(1—s5)+¢)
And differentiating with respect to z:
7 _ 70(— —2)2—2—5)7a(l = 5) + )" = B((1 - 5)F — ) (a1 —5) + )7 (2 -2 —5)7
7 (q(1 =)+ ¢)*
— ;’:z _ ot )l -9+ - -)H R el D VNP

(a(1 = ) +¢)2=

Q

ds dq
A 0_a2+b2%_62dz

With as = —0(q(1 — s) + (), bo =Xq(2— 2 —5s) —o(q(1 —s) + (), and

(a1 —s)+ Q)=
12—z - S)"‘1

o =3(1-38)(2—2—35)+

ds

Zasa function of

The last expression gives us

dg _
= ds _ g —®
dz bg

Plugging that in the first equation:

dq
Cot — as dq
0= b —=dz___ "= _

ap + by by C1—5- dz

_ agb
dq 3] by a1b2 — agbl

dz % —C1 bgCl — blcz

Or:

dq _ o(gs + O)(Sq(2 = 2 — 5) — a(g(1 — 5) + &) + olg(1 — 5) + O(olgs + Q) — (= + s)g
dz "~ (Sq(2—z—s) — o(q(1— ) + O)(E(= + 8)s + FE) ~ (0(gs +¢) — Z(z + 8)g) (D(1 - 8)(2— = -

Evaluating this expression around the 0 = ¥ = 1 case:
arby = 0(qs + () (Xq(2 =z —s) —o(q(1 —s) +))
< ashy = —(q(1 —s) +{)(2¢s + ¢ + zq)
Computing the numerator:
arby — ashy = (g5 + () (q(1 = 2) = ¢) + (¢(1 = 5) + ()(2g5 + C + 2q)
<= a1by —azby = (¢s +Q)q(1 — 2) +q(1 — s)(2¢s + ¢ + zq) + C(gs + zq) > 0
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Now, moving to the denominator:

(a(1 = s) + O™

hnes = [o(gs + Q)+ 2z + D[S = 8)(2 = =)+ o T

]

(qs+C)2]

= by = a1 —2) = [+ s)s 4

Computing the denominator:

(gs +¢)?
Yq?

(¢(1—5)+¢)*
vq?

bica—bacr = [2gs+(+2q][(1—5)(2—2—s)+ J=la(1=2)=C]l(z+s)s+ ]

Left to show that it is positive which implies that % > 0.

Computing the denominator:

(gs + O

q
W)_<U(QS+C)—Z(z+S)q)(2(1—3)(2—2_5)4_7

(2q(2—2=5)=0(q(1=5)+C))(X(z+s)s+

Using the fact that:

And :
Q-z-s 11 1 @l-9+0° 1 1,
Q=970 A3 '7d T az-g pTiTY

Plugging that in the denominator:

(Xq(2—z=s)=0(q(1=5)+()) (2(2+8)8+7[;—1—2]_1 (gs+C)(z+5)) = (0 (gs+¢) —X(z+s5)q) (B(1—s)(2-

= (Z+S)(ECJ(2—Z—S)—0(Q(1—8)+C))(Esﬂ[;—1—;]_1(qs+C))—(2—Z—S)(U(q8+C)—E(Z+S)Q)(E(1—

B Appendix: Heterogeneous-agent model in the ana-

lytical section

This section describes the one-asset and two-asset models in Section 2.

49



B.1 Households

The problem of the household with one-asset writes

V(as, e, 2) = max{u(e,) + v(ar) + PEV (a1, €41, 2) };
subject to ¢; + azr1 = ar(1 + 1) + zeqwy;
az+1 > 0.

The two-asset version of the problem writes

V(ag, by, e, 2) = max {u(ey) +v(ag + b)) + BESV (as1, big1, €041, 2) }

at41,be41
subject to Cc + Aty + bt+1 + X(CLH_l, (lt) = (]. + rf)at + (]. + Ti))bt + e zwy
ary1 >0, b > 0.

In this two-asset version of the model, we assume that capital gains are paid only to the
illiquid account. That is, the excess returns at period 0 qlq_# are paid only to the owners

of illiquid assets.

B.2 Firms

Deterministic Lucas tree. There is a Lucas tree in unit-net supply that provides one unit of
consumption good every period:
Y =8 = 1.

We assume that a share « is paid to the owners of the Lucas tree, so that
dt = Y.

The return on the Lucas tree is given by

_ di + G
qt

— 1.

Tt
The rest of the output is paid to households through wages

wy = (1 — a)y,.

Neoclassical model. The supply side of this section is kept intentionally stylized. In the
model with a neo-classical production function and without capital gains, output is given
by

Y = cky'.
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We assume zero depreciation of capital so that returns and wages are given by
_ a—1
re = acky
wy = (1 — a)cky.

Calibration. We set a = 1/3, and calibrate ¢ so that the initial steady state when
inequality is low are the same in the economy with a Lucas tree and with a neo-classical
production function. We set 8 in the household problem so that the initial steady state
return 7 is equal to 5%. 7, and X are set to the same values as in the quantitative model

described in Section 3.

C Appendix: Computational method

This section describes how we solve the quantitative model of Section 3.

C.1 Household maximization

Given parameters and given a path for {r®, % w;,, 7,}, a household solves the following
dynamic programming problem

V(ag, by, er, zi) = max {u(c) +v(ar + b)) + (1 — &) BEV (ars1, besa, 241, 2i) }

at31,bt41

subject to ¢; + agr1 + b1 + x(arg1, a¢) = (1 +78)sa + (1 + rf)bt +(1- Tl,t)(ztw@t)l’e

a1 >0, by >0

1—0o -
where u(¢;) = S and v(a; + b;) = %

The first-order conditions of the problem are

u'(ce) = (1= &)BEValarir, bir1, err1, 20)] + N
u'(e)(1+ x1) = (1= &)BEs[Vi(ars1, beg1, €rv1, 2i)] + Mo

The envelope conditions are

Vi(ag, by, e, 2;) = ' (c)) (1 +7P) 4+ 0 (ay + by)
Vilag, be e, i) = u'(ce) (1 + 1§ — x2) +v'(ar + br)

Note that in Section 4, we defined the idiosyncratic return shock as a shock on r{.
For computational purposes, we actually implement a shock on the asset position of the
household a;. In this notation, ;. denotes the choice of the household while a;;1 = sy 1a:11
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is the effective asset position after the idiosyncratic shock s;.4 is realized. Since s, is iid,
it does not appear as a state variable in the household’s problem: at ¢, the household cares
only about its post-shock asset position a;, and not about its previous choice a; or the

realization of the shock s;.

To solve this problem, we discretize the AR(1) process using the Rowerhorst method on
a grid of 3 points and use the method of endogenous grid points (Carroll 2005) . See the
appendix of Auclert, Barddczy, et al. (2021) for additional details on how to implement the
EGM method for a two assets problem. The only difference in our setting is that we need to
account for the taste for wealth when updating V, and Vj, and take into account the shock
on s when computing the expectation.

C.2 Computation of the steady-state

To solve for the steady state, we implement the following algorithm:

1. Given a guess on (r%,r%), we solve the problem of the firm using the first-order condi-

tions on capital and wages:

_ (kra+6—T0 € o7t
_< aZ(l—r1.) 6—1>
e—1Y

e I
d=(1—-71)Y —0K — 2)
(1—7)d

Ta

zi = wi(l —a)

q:

2. We use the budget constraint of the government to solve for 7

3. Using our guesses (V,, V3) and (r%,7%) and the associated (z;, 7;), we solve the problem
of the household using the method described previously.

4. Once we have obtained the policy functions c(a,b, e, 2),d (a,b,e,2),V(a,b, e, z), we
use Young (2010) lottery method to compute the associated transition matrix and
stationary distribution. Note that we also need to account for the probability of death

(i.e. to restart with zero wealth) and for the idiosyncratic return shock.

5. We can then use the distribution p; to evaluate the market clearing equations

/a’(a, b, z,1)du; — q = errorg
/b’(a, b, z,1)dps — Byo, = error,
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6. If max(|error,, errory|) > tol, we update our guesses using Newton’s method.

C.3 Transition following a permanent labor income shock

This section describes how to solve the transition between two steady states, after a shock
on the permanent labor income parameters {z;}.

1. Compute the new terminal steady state associated with the new {z;} and obtain the

derivative of the value function V,, V}.
2. Guess a path on {r¢ r®}L_ where T is sufficiently large enough (700 in our calibration).

3. Given the guess on the interest rates, solve for the equilibrium wages, equity prices and
taxes using the first-order condition of the firm and the fiscal rule of the government.
As described in Section 4, note that we need to update the initial return on the risky
asset that we denote 72 to account for the jump in the equity value.

4. Solve the value function problem of the household backward using the value function

at the new steady state as a terminal condition.

5. Use the obtained policy function and the initial distribution pg to solve forward the
path of distributions {u},

6. Check the market clearing conditions for all ¢

/ag(a, b, z,4)du — q = error,

/b;(a, b, z,1)dus — Byoy = €rr0r14

7. Update the guess on the returns using a pseudo-Newton’s algorithm where the Ja-
cobians are evaluated around the terminal steady state, using the Sequence Space
Jacobian method of Auclert, Bardéczy, et al. (2021).

Because we model the transition as a sequence of unexpected shocks, we need to compute
40 transitions, where the initial conditions are given by the first-period previous transition.
That is, for each unexpected inequality shock on {w},, we compute the associated terminal
steady state and the transition from 0 to T  using the previous algorithm. The new transition
takes as an initial condition the distribution p;, the capital stock K, government debt By, 1
and the price of the firm ¢; as its initial condition.
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C.4 Decomposition of the general equilibrium effect

We define the general equilibrium effect of a shock on permanent labor income inequality
on the wealth distribution as

GE — Top wealth share®™™™ — Top wealth sharel™" !
" Top wealth share®™™! _ Top wealth shareee!

To measure this effect, we solve a full transition of our main model, adjusting prices to
maintain the market clearing, using the algorithm described in the previous section. We then
solve the transition by maintaining prices at their initial level but changing the parameters
{zs} to take into account the direct effect of change in permanent labor income inequality.

To compute the partial equilibrium distribution:

1. We compute a new terminal steady state where we fix the prices at their steady state

level (re,,rb. w,,) and obtain the associated value function of the households V' (a, b, %)

587 7 887

2. We use those terminal conditions to solve the problem of the household in the transi-
tion, keeping the returns constant but allowing for the new path in wages, and using
the distribution at the steady state as a the initial distribution. We obtain a path for

the policy functions a;(a, b, e, z) and b}(a, b, e, z)

3. We use the policy functions to solve forward the distribution of households i (a, b, €, 2)

and compute the associated wealth shares.

C.5 Model without capital gains

In our model without capital gains, we remove the imperfect competition structure and
allow households to own and lend capital to the firms directly. The first-order condition of

the firm is now
7 =aK* L6

and the market clearing condition for the risky assets is modified to become
Ai - Kt.

In this case, there is no change in the relative value of capital after a permanent labor
income shock and we do not need to adjust the period 0 return on risky assets.

1
3

table describes the initial steady state in both models.

We also set @ = 7 in this calibration to match the capital and labor share. The following
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Chapter 2

Income Inequality and Monetary
Policy

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

1 Introduction

In the US, labor income inequality has increased steadily since the 1980s, with the share
of pre-tax total labor income earned by the top 1% doubling from 6% in 1980 to 12%
in 2020 (Saez and Zucman 2020). Existing empirical literature suggests that the surge

IThis chapter was co-written with Eustache Elina, PhD student at the Paris School of Economics.
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in labor income inequality is predominantly attributable to an increase in the permanent
component of labor income inequality (DeBacker et al. 2011; Bloom et al. 2017; Braxton
et al. 2021; Fatih Guvenen, Kaplan, et al. 2022) — a term we use to denote the variance in
initial outcomes for new cohorts entering the labor market (Straub 2019). In this paper, we
explore the implications of rising permanent labor income inequality for monetary policy.
We ask two questions. What is its effect on the strength of a monetary policy shock? How

does it change the transmission channels of monetary policy?

In a simple textbook IS-LM model, an increase in permanent labor income inequality
decreases the output response to monetary policy, if rich households have a lower marginal
propensity to consume than poorer ones. Indeed, assume two households — a low income
and a high income — with population shares w and (1 — w). The low type receives a share
1 — z of total income and has a high marginal propensity to consume m; while the high
type receives a share z and has a low marginal propensity to consume m; < m;. The static

Keynesian cross writes?

1
Sl —w(l—2)my — (1 —w)zmy,

dy bydr.

An increase in permanent labor income inequality 2z will thus redistribute income towards low
MPCs households, decreasing the multiplier, and hence the output response to a monetary
policy shock. This simple model is useful to motivate why the distribution of permanent
income might matter for monetary policy, but it misses a few core features of modern
macroeconomic models: it lacks dynamics and ignores the endogeneity of the consumption-

savings decision to permanent income.

In this paper, we explore this question using a HANK model with rich household-level
heterogeneity and featuring an intertemporal Keynesian cross a la Auclert, Rognlie, and
Straub (2018). We introduce a decomposition of the impact of rising permanent labor
income inequality on monetary policy between three channels. First, an increase in perma-
nent income inequality redistributes income between households with potentially different
responses to income and interest rate shocks. We call this channel the composition effect,
which is the only channel present in the simple IS-LM model we presented. Secondly, house-
holds might further change their response to shocks as they observe an increase or a decrease
in their permanent income. We call this the policy function effect. Finally, as the behavior
of households changes, their position in the distribution of wealth might change as well,
changing the aggregate reaction to interest and income shocks. We call this channel the
wealth distribution effect.

Our paper starts with a neutrality result: in a model with preferences only on consump-
tion, those three channels are exactly equal to zero. In this setting, consumption is a linear

function of permanent income. As a result, whatever the distribution of permanent income,

2D, is the sensitivity of aggregate consumption to the interest rate.
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— IS
—LM

l Monetary shock

Figure 2.1: Change in equilibrium output in an IS-LM model after a monetary policy shock

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

the aggregate response of consumption following a monetary shock will remain the same,
consistently with Straub (2019). This neutrality result is useful as a benchmark, but largely
unrealistic. Indeed, a large empirical literature has shown that households with higher levels
of permanent income have a higher propensity to save out of permanent income than the
rest of the distribution (Carroll 1998; Dynan, Skinner, and Zeldes 2004; Kumhof, Ranciére,
and Winant 2015; Straub 2019; Mian, Straub, and Sufi 2020).

A growing literature has been solving that issue by adding wealth to the utility function
as a luxury good (Kumhof, Ranciére, and Winant 2015; Straub 2019; Mian, Straub, and
Sufi 2020). By doing so, they are able to match the relationship between consumption-
saving decisions and the level of permanent income. We show that this type of preference
breaks down our neutrality result and ex-ante heterogeneity in permanent income matters
for the output response to a monetary shock. The rise in permanent labor income inequality
observed in the US from 1989 to 2019 changes the transmission channels of monetary policy
and raises the output elasticity to an interest shock by 12.5%.

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

In order to capture the wealth distribution effect, we then relax the zero-liquidity as-

57



sumption. We show that the rise in permanent labor income inequality decreases the relative
share of the direct effect — the effect of a change in the interest rate on consumption, keeping
household disposable labor income constant — while raising the share of indirect effects —
the effect of the change in household disposable income keeping the path of the interest
rate constant. Indeed, the rise in permanent labor income inequality pushes the equilibrium
real interest down which increases the income share going to hand-to-mouth households.
The increase in the general equilibrium multiplier raises the aggregate effect of a monetary

policy shock.

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

policy shock through a rise in the general equilibrium multiplier.

Literature. Our paper belongs to the old and large literature that investigates the
transmission channels of monetary policy on aggregate variables. Over the last two decades,
this literature has gradually moved away from a representative-agent framework to explore
the interactions between distributions of income and wealth, and monetary policy. The
wealth distribution matters for monetary policy as it determines the share of direct and
indirect effects in the transmission of shocks. Micro survey data on household portfolio
reveals that a large portion of households do not hold liquid wealth (Kaplan, G. L. Violante,
and Weidner 2014). Those households do not react to interest rate changes but are very
sensitive to changes in their disposable income. When including that heterogeneity, Kaplan,
Moll, and G. Violante (2018) shows that most of the transmission of monetary policy goes
through indirect general equilibrium effects (mainly through the change in labor demand).
The composition of a monetary shock matters for policymakers as Martin Blomhoff Holm,
Paul, and Tischbirek (2021) shows that indirect effects take time to materialize. As a result,
if most of the effect of monetary policy goes through indirect effects, monetary policy is not
capable of raising aggregate output in a short time frame.

Monetary policy has also a feedback effect on the wealth and the income distributions
(Coibion et al. 2017; Mumtaz and Theophilopoulou 2017). Those papers show that contrac-
tionary monetary policy is usually procyclical while expansionary monetary policy tends
to dampen income inequality. This feedback effect from the monetary policy on the in-
come distribution not only matters from an equity standpoint but also since it is one of the
transmission channels of monetary policy on aggregate variables. Indeed, by redistributing
income from low-MPC households to high-MPC households, expansionary monetary policy
is amplified compared to the representative-agent benchmark (Auclert 2019).

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

Our paper uses recent theoretical and methodological advances made by Auclert, Rogn-
lie, and Straub (2018). They show that modern micro-founded heterogenous-agent New-
Keynesian models feature an "intertemporal Keynesian cross", characterized by the sequence-
space Jacobian of the consumption function. Our paper extends this methodology to mon-
etary policy, and we recover a similar intertemporal Keynesian cross for monetary policy
shocks.

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

permanent income generated by this non-homothecity.

Our emphasis on the interactions between non-homothetic preference in the saving be-
havior and monetary policy is shared by Michaillat and Saez (2021) and Melcangi and Sterk
(2020). Consistent with Michaillat and Saez (2021), the presence of bonds-in-the-utility
solves the forward guidance puzzle, even in the absence of idiosyncratic shocks. Melcangi
and Sterk (2020) is also concerned by the change in the policy channels and in the aggregate
effect of monetary policy. The paper also finds out that, in the US since 1980, the power
of monetary policy has strengthened following the rise in the stock market participation
channel.

In section 2, we study the impact of an increase in permanent labor income inequality
in a one-asset HANK model. We focus on the limit case of zero-liquidity. By doing so,
we are able to analytically characterize the effect of the permanent income distribution
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on the transmission of monetary policy. We then relax that assumption and show that
the permanent labor income distribution also changes the transmission of monetary policy
through a wealth distribution effect. In section 3, we calibrate a two-asset HANK model
and measure quantitatively the effect of the change in the labor income distribution on the
transmission of monetary policy and on its aggregate effect.

2 Permanent income inequality and monetary policy
in HANK

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

2.1 Setup

Households. The economy is composed of a continuum of high-productivity households of
mass 1—w denoted by A, and a continuum of low-productivity households of mass w, denoted
[. Households face idiosyncratic productivity shocks. They have access to financial markets
and can smooth their consumption over time by holding government bonds. A household
of permanent type i € {l, h} solves the following maximization problem:

00 l1-0o 1-2

o 7—1 (ait+1 +C)
E ) )

b °Z< 1o T 1z )

{eitkezo 15

subject to
Cit+ aigp1 = (1 —1)ziei e Ny + (1 +1¢)a; and a;441 > 0.

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

that we discretize using the Tauchen method.

We define the measure p;(a,e) as the mass of household of permanent type i holding
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wealth a with idiosyncratic type e at time ¢ and ¢;;(a,e) as the policy function for con-
sumption for an agent holding wealth a with idiosyncratic type e at time t. Aggregate

consumption is given by:

Cy = w/cm(a, e)du(a,e) + (1 —w) /ch,t(a, e)dun(a,e).

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

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

7; on labor income so as to keep its budget balanced:
TtNt = T'tB.
Central bank. The central bank fixes an exogenous path for the nominal interest rate.

As prices are rigid, any variations in the nominal interest rate translate into variations in
the real interest rate r;.

Definition 2.1 (Competitive equilibrium). A competitive equilibrium is defined as policy
functions for consumption {c;i(a,e)}ir and savings {a;iy1(a,e)}ir; sequences for labor de-
mand {N;}, the real interest rate {r.}, the linear tax rate {1}, and output {Y;}; a measure
{pi+(a,e)}is such that :

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

3. The government maintains a balanced budget;

4. Markets clear:

(a) The asset market clears:
w [ apesi(a,e)du(a,e) + (1 —w) [ apsri1(a, e)dupi(a,e) = B, Vt

(b) The goods market clears:
Y = w [ ela, e)dpuglare) + (1 —w) fenglare), Vi
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2.2 The intertemporal Keynesian cross and permanent labor in-

come inequality

The output response of this model following a monetary policy shock can be described by an
intertemporal Keynesian cross as in Auclert and Rognlie (2020). Indeed, note that aggregate
consumption at time £ = 0 can be written as

Co = Co({Tt, Nt}tzo)

where Ny = (1 —7,) N, is the net labor income and Co({r¢, N; }+>0) is the aggregate consump-
tion policy function that depends on all the future paths of real interest rate and net labor
income. We assume that the function C; : £>° x £ — (> is Fréchet-differentiable. Totally
differentiating the aggregate consumption function, we obtain
dCo({re, N }i>0) = [aaf:dro + gffdrl + 1
800 800

+ | =—=2dNy + —2dNy + .| .
[8]\70 TN, ! ]

We can rewrite this expression more succinctly by writing it in vector forms
dC({rs, N;}150) = M"dr + M"dN,

where M" and M" are aggregate sequence-space Jacobians (infinite-dimensional matrices)
which characterize the reaction of aggregate consumption facing shocks on the real interest
rate and on net labor demand at different periods, as in Auclert, Rognlie, and Straub (2018)
and Auclert, Barddczy, et al. (2021):

9o 9Cq Cy  OCo

Oorg  Or1 ONo ONi
M =15, o, |, andM"=|[55 an

Note that we can also define the aggregate consumption function as the sum of the
consumption functions for each permanent type by unit of permanent income:

Co = wzCrp+ (1 —w)zpChyo.
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The change in aggregate consumption is thus given by

dc

(1 — w)zpdCh + wzdC
(1 — w)zp(MFdr + MPAN) + wz (Mydr + MPdN)
(1 = w)z,M} 4wz M) dr + (1 — w) 2, MY + wz M) dN .

direct effect indirect effect from net labor demand

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

average:
Ve e {r,n, T}, M*=wzMj] + (1 —w)z,Mj.

Imposing that, in general equilibrium, dY = dN = dC, dr = Bdr — rBdN, and dN =
(1 —7)dN — d7, we can compute the aggregate effect of a monetary shock dr which is given
by Proposition 2.1.

Proposition 2.1. The aggregate effect of a monetary shock dr is the product of the general
equilibrium multiplier and of the direct effect:

dY = M(M" — BM")dr, (2.1)
with M = [K(I - MY]7'K, K = — X%, (1 +7)"'F!, and F the forward matriz.
Proof. Appendix Al n

Proposition 2.1 shows the output response in our model as a function of the sequence
space Jacobians. We can recover from this expression the traditional channels of monetary
policy. M" captures the direct effect of monetary policy, the change in consumption plans
induced by a change in the real interest rate, keeping {Nt} constant. A change in the path
of the real interest rate has two direct effects: an intertemporal substitution effect and an
income effect. By changing relative prices of consuming at different time periods, the new
path of the real interest rate induces a change in consumption today. The change in the
path of the real interest rate also changes households’ financial income, implying a further

change in consumption.

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

marginal propensity to consume matrix M".
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Using the IKC as an ordering device, we ask: what happens when permanent labor
income inequality goes up? We compare the output response following a monetary shock
of two economies, one characterized by a low level of permanent labor income inequality
(z = (2, z,) while the other one is characterized by a higher level of permanent labor income
inequality (z’ = (%], z,)). A bold z indexes economies with different levels of permanent labor
income inequality. Proposition 2.2 shows that we can decompose this change in the output
response to a monetary shock between three effects: a composition effect, a Jacobian effect
and an amplification effect.

Proposition 2.2. The difference in the output response following a monetary policy shock
in two economies with different levels of permanent income inequality can be decomposed
between three terms: (1.) a direct and an indirect composition effect, (2.) a direct and an
indirect Jacobian effect, and (3.) an amplification effect:

direct indirect
dY(z) — dY(z) = [(1 — w)Az, M, (z) + wAz M, (z')] dr+ [(1 — w)Az, M}(z') + wAz M} (z')] dN(2)

composition effect

direct indirect
+ (1 = w)2s AM; (2') + wz AM (2)] dr+ [(1 — w) 2z AM(2)) + ws AM ()] dN(Z))

Jacobian effect

+ M'(2) (dN(z') - dN(z)> .

amplification effect

With AM*(z') = M*(z') — M*(z) and Az} = 2] — 2.

Noting that dY(s') — dY(s) = dN(s') — dN(s), we can write
dY (z") — dY(z) = M(composition effect + Jacobian effect).
Proof. Appendix A2 O

The composition effect captures the fact that even if the response of consumption per
unit of permanent income for each type does not change, the increase in inequality will put
more weight on the response of the high type compared to the low type.

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

policy function and in the distribution of wealth p;;. Indeed, the definition of M7, ., the

i,t,7)
element in line ¢, column j of the sequence-space Jacobian MY, can be written as®

M, )_/8ci7t(a,e;z)

() = b, du;i(a, e;z).

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

. cii(a,e;z’)  Oci(a, ez
AMi,t,j(Z> :/< t(axj >_ t({(hj )>d,ui,t(a7 e;z)

policy-function effect (1)+(2)

dcii(a,e;z
+/ tax (d/h',t(% €, Z/) - d,ui,t(a, €; Z))

J

wealth-distribution effect (3)

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

2.3 HANK with Zero-Liquidity

In this section, we focus on the particular case of zero-liquidity B = 0 which allows us
to compute analytically our sequence-space Jacobians. Using those analytical forms, we
compute the aggregate effect of a monetary policy shock. We also perform a decomposition
between the direct effect of the real interest rate shock and the indirect effect coming from
the change in labor demand. In this framework, we can analytically characterize the effect
of the distribution of permanent labor income as well as the effect of the taste for wealth
on the transmission of a monetary policy shock.

Analytically solving the Sequence-Space Jacobians

We first derive the analytical expressions for the sequence space Jacobians that compose
Equation 2.1 under the zero-liquidity assumption. Note that those expressions do not depend

on the particular preferences we assume in the household problem, and thus apply to both

3Note that the path of distribution du(a,e; s) itself depends on the derivative of the policy functions.
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the case with homothetic preferences and non-homothetic preferences. We will distinguish
the impact of those different preferences in the Sub-sections 2.3 and 2.3.

In the presence of zero liquidity, all households with an idiosyncratic type lower than the
maximum idiosyncratic type € will be against the borrowing constraint. Those households
behave as hand-to-mouth households and will not react to variations in the real interest
rate, while their consumption will react one-to-one to variations in labor income. Defining
the saving policy function of permanent type i, a;(a,e), we have that, at the steady state,
9ai(0,e) = 0, Ve < e*.

At the steady state, households with the highest idiosyncratic type e are on their Eu-
ler equation, and hence, are indifferent between savings and dissavings. The slope of the

steady state saving function of a permanent type i is given by \; = %‘Zj (0,€)/Tz, with
[Tzz the probability of staying a high-idiosyncratic type tomorrow conditional on being a
high-idiosyncratic type today®. For clarity, we define 1 — u = g—j as the effective share of

unconstrained households within permanent type .

Proposition 2.3. a) The sequence-space Jacobian of the consumption response following a

labor demand shock of permanent income type i is

)\i >\i
1 - 1+r 1+r (1= 5\)

M(-2n) (1= 2) (1-xna-8n)
(1= 20) (1= 2) (1 (- m))

M} = pl + (1 — p)

where I is the matriz of intertemporal marginal propensities to consume (iMPCs) of con-
strained households and the second matriz is the iMPCs of unconstrained households of
permanent type 1.

b) The sequence-space Jacobian of the consumption response following an interest rate
shock of permanent income type i is

0 _ 1 _ BN
1+>7\‘ 1>\+r) )
1 0 1—=22 BN —38)— =
M = (1— e 7)\2 1+r. 1+r 1+r
;= ( ) Bp( )U 0 \(1— 1>¥T) (1 +6>\?)(1 _ ;\ﬁ)
where p(€) = >, Mz (%’)70
Proof. For M}, see Appendix A.5 and for M7, see Appendix A.8 O

4See appendix A.2 for formal derivation.
5See appendix A.3 for formal derivation.
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The interpretation of those two sequence-space Jacobian is intuitive.

Jacobian with respect to the labor demand. Starting with the sequence jacobian of the
consumption response following a labor demand shock, the first column of M} gives us the
intertemporal marginal propensity to consume (iMPC) out of a one-time income shock of
households of permanent type i. It is a weighted average of the iMPCs of the constrained and
unconstrained households among a permanent type i. Note that the MPC of constrained
households is 1, and that the MPC of unconstrained households is 1 — A;/(1 + 7). In the
absence of a taste for wealth and idiosyncratic shocks, A\; = 1 and we recover the standard
MPC in a representative agent model, /(1 + r).

Aggregating over both permanent types, we obtain the aggregate sequence-space Jaco-
bian M" = w;z;M7 + w2, M7, a weighted sum of the Jacobian per permanent-type. The
contemporaneous aggregate iMPC® is given by the first element of the first column of this

infinite matrix:

1

Ai
= :“Zi:wiz’i + (1—u);wizi (1_1—{—7“)'

—_——
income share of constrained  income share of unconstrained

The rest of the first column gives the path of intertemporal marginal propensity to consume
out of an income shock:

: Ai
iMPCy = (1— ,u);wizi)\f (1 1 -|—7”> :

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

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

_ pe)p A \.  E[e]e] 1+
EIS = - Y [(1—1+T>e+ ]

147 | eE[e/|e]z’

which is an increasing function of \;8. When r increases in the future, consuming today is

6The classic MPC in the literature.
"Notice that, in the absence of taste for wealth and idiosyncratic shocks, the formula simplifies to 1/o.
8Tndeed, recall that \; is between 0 and 1. The negative second-order term of this polynomial will thus
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relatively more expensive. Today’s consumption falls while future consumption increases.
Households postpone part of their consumption to later periods by increasing their savings

and then consume a fraction A{[1 — \;/(1 + r)] at period ¢ of this additional income®.

Interpretation of ;. The variable \; determines the contemporaneous MPC, the per-
sistence of the iMPC, and the EIS of unconstrained households. The MPC is a decreasing
function of A\; while the EIS is an increasing function of \;. It is thus key in understanding
the behavior of households as in it pins down the degree to which households are forward-
looking.

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

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

The aggregate effect of a monetary policy shock

Combining Proposition 2.1 and the analytical solutions for our two sequence-space Jaco-
bians, we compute the aggregate effect of a monetary policy shock ry < r** with persistence
p. We also compute the direct and the indirect effects.

Proposition 2.4. The aggregate effect of a monetary policy shock ry is given by:

p
—p

dYy = —ﬁp(é)i N dry. (2.2)

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

1 1 pAS
1 +ro p 1— p>\26

Direct effecty = —(1 — p)p(€) dro.

be negligible and dominated by the positive linear term.
9Since there is no wealth in our model, interest rate shocks have no initial income effects and an unex-
pected change in r has no impact on consumption. The first column of M; is thus zero.
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The indirect effect of a monetary policy shock is given by:

1
1+7r

by
11— 2 —————dNj.
( p);‘*}zzzl —5/\1'P 0

Indirect effecty = dNg — (1 — p)

The direct effect is an increasing function of \; while the indirect effect is a decreasing
function of ;.

Proof. Appendix A4 O]

The structure of preferences and the level of ex-ante heterogeneity matter for monetary
policy as they jointly determine the value of \; and the equilibrium r. At the aggregate
level, \; determines the relative weight of the direct and indirect effects of a monetary shock
on output. The larger \;, the higher the direct effect and the lower the indirect effect. This
is consistent with the fact that the static MPC is a decreasing function of \; while the EIS
is an increasing function of ;. In the next section, we are going to study what happens
when ex-ante heterogeneity rises (1) in the absence of a non-homothetic taste for wealth
(v =0) and (2) in the presence of a non-homothetic taste for wealth (y > 0).

Benchmark: monetary policy without a taste for wealth

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

Proposition 2.5. In the HANK model with zero-liquidity, when v = 0 (no preference for
wealth), the Jacobians M, and M do not depend on z:

Vie {l,h},z € {r,n}, AM7(2') =0 and Mj = Mj.

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

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

monetary policy shock.
Proof. Appendix C m

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

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

the transmission channel of monetary policy.

Accounting for the non-homotheticity in saving behavior

We now study the impact of an increase in permanent income inequality in the zero-liquidity
model under non-homothetic preferences. In the presence of a taste for wealth, all low

10 A rise in permanent

permanent income types are constrained, \; = 0 and A = A\
labor income inequality changes the transmission channels of monetary policy, leaving the

aggregate effect constant.

Permanent income and behavior effect. Under non-homothetic preferences, \ decreases
with permanent income because r is itself a decreasing function of permanent income. Thus,
an increase in permanent labor income inequality increases the MPC, decreases the persis-
tence of the iMPC, and decreases the EIS. In Proposition 2.2, this change in A and r deter-
mines the behavior effects AM,, which is the change in the coefficients of our sequence-space
Jacobians per unit of permanent income.

When permanent labor income increases under non-homothetic preferences, the Euler
equation is more "discounted" in terms of McKay, Nakamura, and Steinsson (2017) and
Michaillat and Saez (2021). Indeed, as the high-productivity households become richer,
their consumption increases, decreasing their marginal utility from consumption. For their

Euler equation to hold at a steady state, the real interest rate has to fall, since

ll_ 'yC‘E ]7 dr

— < 0.
(Zhé)_a dzy, <

1+r:ﬁma

Outside of the steady state, unconstrained households now put a lower weight S(1+7:41) < 1

on future consumption since the Euler equation writes

c; 7 = (1 +71)BE[c, ] + (a1 + C)_Z-

As a result, a change in the path of real interest rates, i.e. a change in relative prices of

consuming at different time periods has a lower effect on consumption today (as future

10The Euler equation now depends on z; and the real interest rate will adjust so that the Euler equation
will hold with equality only for the high permanent income type with the highest idiosyncratic type. See
Appendix A.2 for details.
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consumptions are more discounted). Unconstrained households would like to hold wealth
relatively more for a present motive due to the non-homothetic nature of the taste for wealth
rather than for an intertemporal substitution motive. At the micro level, unconstrained
households become less sensitive to variations in the real interest rate, and their EIS falls.
At the same time, they frontload their consumption reaction to an income shock, and their
MPC rises. At the macro level, the direct effect is weakened while the indirect effect is

strengthened!!.

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

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

dIndirect effectg
th

= composition effect, + behavior effecty,

<0 >0
d|Direct effecto|
th

= composition effect, + behavior effect .

>0 <0

Furthermore, with zero liquidity, the change in the permanent labor income distribution
has no effect on the incidence of monetary policy on output'?. The "as-if' result of Wern-
ing (2015) holds in this framework. The change in the income share of constrained and
unconstrained households generates no aggregate amplification since, in the absence of gov-
ernment bonds, the elasticity of the net income of hand-to-mouth households to aggregate
income is one (Bilbiie 2008). In a simulation exercise done in Section 2.4, the composition
effect dominates the behavior effect. The rise in permanent labor income inequality hence
leads to a rise in the indirect effect and a fall in the direct effect. The results are displayed
in Table 2.2.

2.4 HANK with positive liquidity

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

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

\We prove this formally in Appendix A.
12Note that Equation 2.2 depends neither on r nor on .
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Calibration

For the distribution of permanent labor income, we set w to 0.1 and chose z;, so as to match
the labor income share held by the top 10% in 1989 and in 2019. We follow Straub (2019)
to calibrate the CRRA parameter on wealth in order to match an elasticity of consumption
to permanent income of 0.7. The last two remaining parameters =, the strength of the taste
for wealth, and (, the Stone-Geary parameter, are calibrated with 2019 level of permanent
labor income inequality so as to match a static aggregate MPC of 0.51 and a one-year
intertemporal MPC of 0.18 as in Auclert, Rognlie, and Straub (2018). When we decrease
the level of permanent labor income inequality to its 1989 level, we keep the rest of the
calibration constant. Table 2.1 summarizes our calibration.

Table 2.1: Calibration of the one-asset HANK model

Parameter  Description Value Source

Household

6] Discount factor To match r = 5%

o CRRA on consumption 1 Auclert and Rognlie (2020)

y Strength of the taste for wealth 0.03 Internally calibrated

¢ Stone-Geary shifter 0.4 Internally calibrated

)3 CRRA on wealth 0.7 Straub (2019)

Labor income

Pe Autocorrelation productivity shocks 0.92 Straub (2019)

Oe s.d. productivity shocks 0.2 Straub (2019)

w High permanent labor income type 0.1 Internally calibrated

2n High productivity type {2.8,3.4} Piketty, Saez, and Zucman (2018)
Government

Tss Steady state interest rate 5%

Pr Autocorrelation of monetary shock  0.15 Kaplan, Moll, Violante (2018)
o s.d. of monetary policy shock 0.01 Kaplan, Moll, Violante (2018)
B Government debt 0.23 Auclert and Rognlie (2020)
Results

The introduction of positive liquidity results in a non-degenerate distribution of wealth that
can endogenously vary with the distribution of permanent labor income. This shift in the
distribution of wealth alters the results obtained in the zero-liquidity case. The rise in
permanent labor income inequality increases the size of the indirect effect and decreases
the size of the direct effect (see table 2.2). The increase in the indirect effect outweighs
the reduction in the direct effect, leading to a larger overall impact of a monetary shock on

output following the rise in permanent labor income inequality.
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Table 2.2: Change in total output elasticity and partial effect

Partial effect Total effect
r N Tax Y

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

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

Indirect effect. The rise in the indirect channel comes from an increase in the aggre-
gate MPC (see table 2.3) which ultimately stems from three effects: the change in policy

functions, the change in the wealth distribution, and the composition effect.
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Figure 2.2: MPC and EIS along the wealth distribution

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

First, the rise in permanent labor income inequality leads to a change in policy functions.
For a given level of wealth, high-permanent income households have higher MPC after the
rise in their permanent income (see Section 2.3) which tends to increase the aggregate MPC.
This is shown in the left panel of Figure 2.2.

Second, the rise in permanent labor income inequality leads to a change in the wealth
distribution. In particular, we observe a significant rise in the share of hand-to-mouth
households. Indeed, when permanent labor income inequality rises, high-permanent income
households put a relatively higher weight on the taste for wealth, as wealth is a luxury good.
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They want to increase savings everything else equal. For the asset market to clear, the real
interest rate has to fall. However, at the bottom of the income distribution, households
put a relatively lower weight on the taste for wealth. Their savings decision is hence driven
mostly by the precautionary and intertemporal substitution motives so that the decrease
in the real interest rate pushes them to dissave. As a result, the share of hand-to-mouth
households increases, as shown in the left panel of 2.2. This wealth distribution effect tends
to increase the aggregate MPC.

Table 2.3: Change in the MPC

Low type High type Aggregate

Low inequality 0.38 0.3 0.37
High inequality 0.41 0.3 0.4

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

Direct effect. The change in the direct effect occurs in the opposite direction of the
change in the indirect effect. First, the change in the policy function reduces the EIS, as
it decreases with rising permanent income (see Section 2.3), leading to a lower aggregate
EIS. Second, the change in the wealth distribution further diminishes the direct effect, as a
larger proportion of households are now hand-to-mouth and thus unresponsive to interest
rate changes. Finally, the composition effect reallocates income towards households with a
higher EIS (see the first two columns of Table 2.4), increasing the aggregate EIS. However,
quantitatively, the combined impact of the first two effects outweighs the third, resulting in
a lower aggregate EIS following the rise in permanent labor income inequality (see the last
column of Table 2.4).

Amplification. The aggregate neutrality of the permanent labor income distribution
no longer holds with a realistic level of wealth. The rise in the share of hand-to-mouth
households amplifies the output response to a monetary shock. Indeed, the elasticity of
hand-to-mouth net income to aggregate income is greater than one. In the case of a fall in
the real interest rate, the net income of hand-to-mouth households increases both from the
rise in labor demand and from the fall in the labor tax rate (Bilbiie 2008). Moreover, even
if the change in policy functions and distributions might be small quantitatively, the overall
impact on the output response to a monetary shock remains economically significant since
those composition, behavior, and wealth effects are amplified by the change in labor income
(see Proposition 2.2).
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Table 2.4: Change in the EIS

Low type High type Aggregate

Low inequality 0.59 0.68 0.6
High inequality 0.55 0.68 0.57

Impact of an increase in the variance of idiosyncratic shocks

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

in Figure 2.5 in the appendix.

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

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

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

We see that the predictions of the effect of a rise in the variance in initial outcomes
compared to the effect of a rise in the variance in idiosyncratic shocks are largely reversed.
The nature of the rise in labor income inequality does matter to understand the change in

its aggregate effect and its composition.

3 A quantitative two-asset HANK model

Our previous model featured only one endogenous variable, ;. It also abstracted from a
realistic supply side, investment and inflation, in order to represent the entire path of the

13 As households now want a higher buffer stock of savings, everything else equal.
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economy through an intertemporal-Keynesian cross. In this section, we extend our previous
analysis to a quantitative environment that features a two-asset choice on the household

side and includes the previously omitted elements.

3.1 Environment

Households. The problem of a household of type ¢ in labor union k!4 is given by:

A1l (bt

‘/i Ea ) = -
b a,e0) mc?x{ 1—0c  “14+v " 1-3

+ BE:[Vit41(ass1, levr,s erv1)|ed] } )

subject to the law of motion,

et + L1 = M(ziegwgng)' 7 + (1 + Tf)ft + dy,
Ay = (]_ + T?)at — dt(at).

We follow Auclert, Rognlie, and Straub (2020) and assume that flows from and towards the
illiquid are determined exogenously by the following rule
,r.ll

di(ar) = 1 :;a (L+7rf)ar+ QA +rf)ar — (1 +75) ai)

where a; is a target level of illiquid wealth determined exogenously, and €2 is a number close
to zero. This rule implies that, at the steady state, households receive a fixed income 7¢.a;
from their illiquid account and that the total supply of illiquid assets is >, w;a;. In the
transition, they will transfer the excess or missing returns toward the liquid account. The
evolution of the idiosyncratic productivity shocks follows a log AR(1) process given by

log(er) = plog(es—1) + €7,

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

consumption and the aggregate asset supply functions

Lt = Et({rsa Ns; )‘s}st /’Lt>7
At = At({rsa Ns; )\s}szt7 ﬂt)7
Ct = Ct({T57 Nsa )\S}SZty N't)7

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

Unions. Every worker belongs to a union k. Each union k aggregates efficient units of

14Gee next section.
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work into a union-specific task N and sells those union-specific tasks at price Wy, to a
competitive labor packer with an elasticity of substitution of € between union-specific tasks.
The problem of the union is specified in the Appendix. Solving the union problem yields
the following non-linear New-Keynesian Phillips curve on wage inflation:

= (so =20 <ct>") 4 B,

Central bank. The central bank follows a Taylor rule
i =T+ Opm + £,

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

rate is given by the Fisher equation

1+

1+7r = .
S O

Firms. The firm block of our model follows Auclert and Rognlie (2020). The supply side is
composed of two sectors. A final goods producer that uses a basket of intermediate inputs
z;; with an elasticity of substitution p,/(x, — 1), and a continuum of intermediate firms in
imperfect competition, which produces the intermediate goods using capital and labor with a
Cobb-Douglas technology production function. Intermediate goods are produced by a mass
one of identical monopolistically competitive firms, whose shares v; are traded, with price p;
and dividends d; at time t, and owned by households. Intermediate firms own the stock of
physical capital, make investment decisions subject to convex adjustment, and make pricing
decisions subject to Rotemberg adjustment costs. The intermediate’s firm problem can
be found in Appendix E.1 This setup yields a standard non-linear New-Keynesian Phillips
curve on final-goods price inflation!®:

Yin
m (1 +m) =k (P -mep — 1) + T (1+m .
¢ ( t) (n t ) 1+t ( t+1) Y,
where the marginal cost is given by, mc; = ﬁwt%ﬁ, with w; the real wage, kP the parameter

governing the Rotemberg cost, and p? the markup of intermediate firms. The investment

decision is governed by the usual marginal Tobin’s ) equations

15 Appendix G.1 in Auclert, Rognlie, and Straub (2018)
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Finally, the price of the firm p; is given by the non-arbitrage condition between owning
equity in the firm and government bonds:

i1+ P
Tt+1

DPe

Financial intermediary. There is a financial intermediary that receives liquid and illiquid
deposits from households and invests them in equity and government bonds. It performs
this liquidity transformation at a fixed cost £ so that 7y = r® = r® — £. We assume that the
financial intermediary is in perfect competition so that it makes no profit in equilibrium.

The flow-of-fund constraint at the beginning of period ¢ states that the value of liabilities
must be equal to the liquidation value of the intermediaries portfolio:

(L+79) A+ (14 7)) Lo = (1+70) By + (o1 + di)v — ELe.

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

liabilities (or aggregate savings):
Ve + Bipr = Agyr + L

Finally, returns on the illiquid assets are subject to capital gains following a one-time un-
expected shock. The return on illiquid assets in period 0 following an unexpected shock is

given by
a Pss dl + p1 Bss
Ty = +

B + Dss Do B + Pss

The firm term of this expression captures the fact that following an unexpected shock, the

To-

price of the firm might jump (or fall) unexpectedly, increasing (or decreasing) the real return
on equity compared to what households expected to receive the period before the shock, at
the steady state. Due to perfect foresight, the usual non-arbitrage condition holds for all

the remaining transition periods.

Government. The government imposes a progressive tax on labor income, determined
by the HSV coefficient 7 and the rate A;. The budget constraint is

Ntwt = )\t Zwi /(wtetsiNt)lde,ui,t + TtB.

Market clearing. Market clearing implies that

1. Asset market: A; = p; + B;
2. Labor market: N7 = N¢;

3. Goods market: V; = Cy+ I, + G+ €L, + ¢ (522 + s, (252Y7).

t
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3.2 Calibration

Calibration of permanent types

Our quantitative model has four types of households, each belonging to a group of the
distribution of permanent income: the bottom 50%, the next 40%, the next 9% and the
top 1% of the distribution of permanent income. We calibrate the corresponding z; to
match the distribution of labor income described in Piketty, Saez, and Zucman (2018). We
then associate each of those groups to a target of illiquid asset a;, as in Auclert, Rognlie,
and Straub (2020). We set those targets to match the unconditional distribution of illiquid
assets in the Survey of Consumer Finance, and to match a share of liquid assets to output
of 0.23, as in Kaplan, Moll, and G. Violante (2018) and Auclert and Rognlie (2020). In
our main computational exercise, we compute the impact of a monetary policy shock in
an economy where the (Sp5, Sn40, Sno, S¢1) and (aps, Anao, ang, ag1) are calibrated to match the

distribution of income in 2019 (high inequality) and 1989 (low inequality).
Calibration of the taste for wealth

We calibrate internally only two parameters: the strength of the taste for wealth v and
the Stone-Geary shifter (. We set those parameters to match the distribution of wealth in
our model in 2019, given a distribution of permanent labor income (S5, Sn40, Sno, S¢1) and a
distribution of illiquid wealth (aps, @na0, @ng, az1). Table 1.1 describes the total distribution
of wealth in our economy!®. Our model also does a fairly good job at reproducing the
distribution of wealth in 1989, which we do not target in the calibration of the taste for
wealth (overestimating the wealth share of the middle 40% and underestimating the top
10% wealth share).

Notice that, when calibrating, we do not target the path of iMPC, only the wealth
distribution. However, we do get quite close on the aggregate MPC from Fagereng, Martin
B Holm, and Natvik (2021), but we undershoot the iMPC one year after the income shock
estimated in Auclert, Rognlie, and Straub (2018) (from 0.16 to 0.18 depending on the data

source).

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

labor income shock even if they have positive weealth.

16We use the extended series available on https://gabriel-zucman.eu/.
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Table 2.5: Calibration of the quantitative model

Parameters Description Value Source

Preferences

I6; Discount factor 0.85 Internally calibrated
o) CRRA coefficient on consumption 1 Auclert et al. (2024)
y Strength of the taste for wealth 0.7 Internally calibrated
D CRRA coefficient on wealth 0.7 Straub (2019)

¢ Stone-Geary parameter 0.25 Internally calibrated
Productivity

o Variance of idiosyncratic productivity shocks 0.2 Straub (2019)

P2 Autocorrelation of shocks 0.91 Straub (2019)

Union

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

« Cobb-Douglas coefficient for capital 1/3

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

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

Government

G Government spendings 0.2

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

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

Pr
Pr

1.5
0.15

80



Table 2.6: Distribution of wealth in the model and the data

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

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

3.3 Results

We now investigate the impact of rising permanent labor income inequality in this quantita-
tive framework. In our main experiment, we study the impact of an expansionary monetary
policy shock in two different economies: one where the distribution of permanent labor
income and illiquid wealth is calibrated on the U.S. economy in 1989, and one where those

distributions are calibrated on 20197,

Table 2.7: Decomposition of the effect of a monetary policy shock

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

Note: Average response over the first year. The first column reports the number in the economy with low permanent labor
income inequality, calibrated on 1989. The second column reports the number in the economy with high permanent labor
income inequality, calibrated on 2019. The last column reports the % change of the elasticities, and the p.p. for the partial

effects.

Table 2.7 reports the main results of this quantitative exercise. We find that the increase
in permanent labor income inequality increases the output elasticity to a monetary policy
shock by 12.4%, a result in line with our findings in the previous section. This increase is
mostly driven by a higher sensitivity of consumption to changes in labor income, as reported
by the second part of Table 2.7, and attenuated by a lower sensitivity of consumption to
changes in the interest rate. Indeed, the partial elasticity of consumption decreases by 25%

1"We run the same exercise as in Section 3.3, but keep the distribution of illiquid wealth constant. Looking
at Table 2.9 and 2.10, we get similar results as before.
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in our model, while the share of total change in consumption, explained by the indirect
effects, increases significantly.

(a.) Output response (b.) Consumption response (high - low)
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Figure 2.3: Effect on output of a monetary shock

Note: The left figure plots the output response following a monetary shock. The right figure plots the difference in the
decomposition between the high-inequality economy minus the low-inequality economy.

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

transmission of monetary policy with a realistic wealth distribution?

Our results remain consistent with the findings from Section 2.4. An increase in labor
permanent income inequality increases the effect of a monetary shock. Looking at the de-
composition in Figure 2.3 (b.), the contribution of indirect effects (from taxes and the labor
demand) increases while the contribution of the direct effect is slightly lower. Consistently
with Section 2.4, the rise in indirect effects comes from the increase in the income share going
to hand-to-mouth households as the wealth-distribution effect dominates the composition
effect. The endogeneous rise in the mass of hand-to-mouth among low-permanent income
types dominates the fall in the income share going to low-permanent income households.
The wealth distribution effect is reinforced by the policy function effect. Indeed, the rise in
permanent income increases the marginal propensity to consume of high-permanent income
households. Not surprisingly, in Figure 2.4 (a.), we see that the aggregate MPC goes up
while the subsequent iMPCs decrease.
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Figure 2.4: iMPC and decomposition of a monetary shock

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

At the same time, the rise in permanent labor income inequality tends to dampen the
aggregate elasticity of intertemporal substitution. Similarly as in Section 2.4, the composi-
tion effect tends to raise the aggregate EIS by giving a higher income share to households
that have on average a higher EIS. However, the composition effect is largely dominated by
the sum of the policy function effect and the wealth distribution effect.

4 Conclusion

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

In the goods space:
Y = (1—-w)Cu({rs, Ns}) + wCi({rs, Ns})

Differentiating:
dY = (1 —w)z,MPdN + (1 — w) 2, My dr + zwMPdN + w2z M/ dr

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

Hence, dN = (1 — rB)dY — Bdr + rBdY = dY — Bdr
We have that
dY = (1 — w)z,M(dY — Bdr) + (1 — w)z,M}dr 4+ zwM}(dY — Bdr) + wz M} dr
Solving for dY:
(T— (1= w)aMj = 2wM]) dY = ((1 = w)2,M}, + wzMjdr — B(1 - w)zMj, — BzwM} ) dr
Using that Vo € {r,n}, M?* =wz M} + (1 — w)z, M7,
(I-M")dY = (M" — BM") dr

Mutiplying by K = —3°,(1 + r)"*F* on both sides with F the forward matrix. Then
inverting, we have that:

@y = (K(I-M")) 'K (M’ — BM") dr

A Appendix to HANK zero-liquidity

Solving the zero-liquidity model

This section shows how to derive analytically the main sequence space Jacobian of the zero-
liquidity model. This proof follows closely the appendix D.4 of Auclert and Rognlie (2020),
but extends it to the case of monetary policy shocks, with different permanent types and a
non-homothetic taste for wealth.
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A.1 Notation

Let ¢;4(a,e) and a;441(a,e) be the policy functions for consumption and savings at time
t of a permanent income type i. c(a,e) and a(a,e) are the steady-state policy functions.
Similarly, V;.(a,e) is the value function at time ¢ of a permanent income type ¢ during a
transition following an aggregate shock, whileV;(a, €) is the steady state value function.

We denote:

— di(a,e) and a}(a,e) the derivative of the steady state policy functions with respect to

a

— dcis(a,e) = %@dms, da;(a,e) = %ﬁdws the change in the policy function at

time ¢ when there is a shock to a variable at time s
— V/(a,e) is the derivative of the steady state value function with respect to a

— dV;(a,e) is the change in the value function at ¢ when there is a shock to = at s:

v, = 22 g,

A.2 Solving for the steady-state interest rate

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

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

iosyncratic productivity e; can be written as
(2i:N7) 7 > B(1+ 1) ZHee’ (zietr1 Nepr) 7 +9¢>
6l
Focusing on the steady state, we can write

1> B(1+7)p(e) + 7" (zie) (2.3)

where p(e) = Y. Heer (%)70. We assume that I, is such that p(e) is a strictly increasing
function of e, and that &€ = argmax p(e) is the highest idiosyncratic productivity type'®. Let

us first focus on the case with homothetic preferences, when v = 0. In this case, we have

1> B(1+r)p(e).

18This is the case if II./. approximates an AR(1) process.
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Assume that there exists an € < e such that

1= B(1+7)p(e).

Since p(€) < p(e), this implies that

1< B(1+r)ple),

which violates 2.3. Since this holds for all € < e, if there exists an r such that Equation 2.3
holds with equality, it must be that

1= (1+7")Bp(e).

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

When v > 0, note that Equation 2.3 is an increasing function of both e and z;. By the
same argument, if there exists an r* such that Equation 2.3 holds, it must be that it holds
for e = € and 7 = h. Thus, the equilibrium interest rate is given by

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

thus decrease when permanent income inequality increases.

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

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

First, recall that the budget constraint of the household can be written in terms of policy
functions as
cii(a,e) + a;i1(a, e) = Nyzie + (1 + 1) ay. (2.4)

Note that, at the steady state, the market clearing equation implies that we have a = 0 for
all households. Taking the derivative of Equation 2.4 with respect to a and evaluating it at

the steady state yields
8ci

aa(o,e)—f-)\i’e:l—l—?’.
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We define as \; . the slope of the savings policy function of an agent with permanent type
¢ and idiosyncratic productivity e:

o 8&1'
Nie = %(Oa e).

Note that, for any sequence of shock on r;, we can take the derivative of 2.4 with respect to
time and evaluate it at zero wealth to obtain

dCZ‘,t<O, 6) + d(ll'7t+1 (0, 6) =0

This means that any change in the policy function for consumption at time t following a
shock on the interest rate must be perfectly compensated by a change in the policy function
for savings. This is intuitive: since there is no wealth in the economy, an interest rate shock
has no income effect. If households want to save more, they will have to consume less.

To characterize the consumption response following a sequence of shock, we will study
the response of the policy function to each shock separately, and aggregate them at the end.

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

de; 5(0,¢e) = 0.

This implies that the first column of the Jacobians M" and A" will be only zeros.

2. When shock happens in the future, that is, when ¢t < s, the envelope condition is

Vii(0, ) = (1 + r)u' (i (0, €))

Totally differentiating this expression and evaluating it at the steady state yields
dV;,(0,e) = (1 + r)u"(zie)dciy (0, e) + u'(ze)dr,. (2.5)

Evaluating this expression at the period of the shock ¢ = s, and since dc; 4(0,e) = 0, this
simplies to
AV} ,(0,e) = u'(ze)dr,.

Using the fact that (see derivation in appendix D1 in Auclert, Rognlie, and Straub (2018))

AV (0,e) = BAie Y TewrdV,,41(0,€)

€
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We thus have

u'(z€)

u”(zie) (1 T T‘) drisq

dci,t(oa 6) = 5)\i,e Z Hee’ {dci,t-i-l(()a 6) +

6/

Note that
u’(zie’) o (e/)—a

u"(ze) ' —o(e)o1

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

i i w(€)
de; (0, €) = BAiede;i41(0,€) + 2 Z [Tz W driyr.

- (e +r7)
Let us define

, () 1
K = Z[: Hée/ é—o’—l Hiéé

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

tol, K" — 1.

We can then write

r

deiy(0,€) = BAiedc41(0,€) — Zim

drity.

Solving this equation forward, we obtain that for any shock at s > ¢ (using the fact that
dri.1 = 0 except when ¢t + 1 = s):

K’l"
deiy(0,€) = —(BAi,éHéé)#t (Z )> dr, for s > t.

‘o(l+7

Summing for all potential shocks, we get

KT’
dC@t(O, é) = — Z(/B)\i7énéé)s_t (Zloﬂ_i—r)> dTS for s > ¢

s>t

And using the fact that das1(0,€) = —dc(0, €), we obtain

KT
da; e) = Aiellzs st i——— | dry fi t
a;+1(0,€) S§>t(ﬁ iellzz) <z R r)) r, for s>

which we can rewrite as

K
da; e) = E \s—t — f t
az,t—l—l(oa 6) s>t(6)\l) <210<1 T T)) Ts 10r § >

where )\z = )\i’é].—.[éé.
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Aggregation.

We compute the aggregate supply of savings of permanent type ¢ at time ¢. The savings
at time ¢ for an unconstrained household of permanent type ¢ that has been unconstrained
for the last 7 — 1 periods is:

Qirt+1 = Qipy1(Qir—14, €)

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

Totally differentiating the expression yields

dai i = da;i+1(0,€)  +N\ig da;-—14
~—_——— ——
change in policy function change in wealth holdings

Aggregating with weights mz(1 — Ilzz)IIZ, and

Z 7Te — H daz Tt — Z 7Te - H (daz t+1 (6 O) + )\z edaz T—1 t)

using that A; 41 = 200 g7z (1 — Ig) Ia; - 441, wWe get

dAi,t—‘rl Z 776 - H (da'z t+1 (0 6) + )\z edaz ,T—1 t)
dAi,t+1 - dai,t—l—l(oa é) Z Tl (1 - ee HT + Z 7Te - ee HT )\z edazﬂ- 1,t
=0

dA; 11 = meda;141(0,€) + Z e (1 — Ieg) I A eda -1 4

7=0

Noting that da; —1, = 0, we get

dA;p1 = Teda;41(0,€) + Z e (1 — Iee) 7 A eda -4

7=0
Note that that second term can be written as

Z 7Te - ee HT >\z edaz T Hee>\z edAz ,t

so that we have

dA; 141 = da;141(0,e)mz + i ellzzd A;
= da;+1(0, €)me + NidA;
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From the previous subsection, we have

KT’
di O_ = >\z st PN ds f t
61001(0.6) = (5 (Zaum) ry fors >

Combining with the law of motion, we get

KT’
dAi 1 = Te Z(ﬁ)\i)#t (Zicf(l—l—r)) drs + NidA; 4

s>t

For an unexpected shock at s = 0, we have
dAit1 =0
the first column is only zero.

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

K"
A~ ey = - _—.
d 7,1 Weﬁ)\z (O’(l +T)Z’L> drl

And,

K"
d 1 EZ Wzd ,1 Weﬁ EZ wl>\l (0_(1 n 7”) Zz) d'rl

A" =7:> wizTi(ay)T(a)

»

i K7 BAi)* K"

100 0 erra (1+27

N A D RO
T (ay) = 2o 1 and T} (a_) = 0 0 0

A.4 Solving for )\;

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

ch(a_,e)” 7 =p(1+r) Z e (cn (an (a—,€), €))7 +~(an (a_, &) + )~

e

Differentiating with respect to a_ and evaluating at a_ = 0:
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g;jh(()? e) = B(1+r) > Heot” (z€) g:; (0,€¢) gah (0,e)—yX(ay (0, é)+()_2_13?(0, e)

e/

u"(zp€)

Using that 2%(0,€) = (1 +7)mye and 22-(0,€) = (1+r)(1 —mpe), at the steady state
ap (0,€) = 0 and,

u"(zp€)mpe = (1 + 1) ZHee/u zpe ) mp e - (1 —mpe) —y35(1 — mh,é)g“_z_l

—0(218) " ' mpe = —0B(1 +1)? > e (zne) ™ tmp e - (1 —mpe) —Y8(1 —my )¢t
e/
FANA b
Mmpe = B(1+7)?Y " Mew <6> Mhe - (1= mne) +7—(1 - mpz)¢ > (zpe)" !
Using that Ve’ #e, mpe =1,
—o—1 »
mpe = B(1+7) (Z Hzer <_> + Heemh,e> (1 —mpe) + 7;(1 — mpe) T (2ne)7
I+4g
1— mh,e I4E

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

—o—1
. b _
L 1 + r ( E Iz (_) + Héémmé) + 7;(—2—1(Zh€)a+1

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

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

Since there is always one unique A whatever the preference, we can drop the type subscript
and have A = \j,.

A.5 Rewritting the sequence-space Jacobians

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

ro__ /3Ai K" r T
A" =, T o Zi:w,z,Ti (ay)T(a_)
1 0 0 0 1 BN
. Ao 10 . 00 1
Tz’ (CL+) 22 )\Z 1 and Tz( ) = 0 0 0
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When there is no taste for wealth, there is always a unique A common across permanent
types, we can get rid of the i subscript in the T matrices and: A

A" =7 ZwiziT’"(aJr)T’"(a_) =T (ay)T (a-)

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

other \s are 0, and:

A" = mezpwp T (a4 )T (a)

0 1 BA
AT BA KT |0 X 148X
TSR TS 100 AT A28+ A
da1 = B)\d?"g, dCO = —BAdTQ
dCLQ = (1 + ﬁ)\)dTQ
cot+as=(1+r)ag+N < dey = (1 +r)day —day = (1 +r)BAdre — (1 + SA)drs
< dea = [(1+7)BX— (14 BA)]dry
From A", we recover M" using the vectorized budget constraint:

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

Starting from the non-homothetic case:

-1 0 0 --\/0 1  BA
M BN Kr|l+r =1 0 ---]]0 XA 1+p8X
TRl 00 14 =1 - |00 A2 A2BA+A
0 ~1 —BA
Bx KT [0 14r—2) (1+7)8A—1—BA

ME=Te2n o 10 (L4 mA = A2 (L41)(1+BA2) — A2BA — A
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Finishing with the homothetic case:

0 -1 —BA
BA K™ |0 1+r—2X (I+7)BA—=1—=pA

M e o [0 (A=A (L4 1)(1+B2) — A2BA — A

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

We follow closely Auclert, Rognlie, and Straub (2018), appendix D4, with the introduction
of permanent types. Differentiating the budget constraint, we have that:

dei (0, e) = mez;d N,

We have that
dVi,(0,e) = BAe Z HeerdViy 11 (0,€)

e

Computing the Envelope condition
Viila_,e) = (147 (ciy(a_,e))
Differentiating and evaluating it at the steady state,
dViy(0,e) = (1 +r)u"(eziN)dcis (0, €)

Plugging it in the equation above:

(1 +7)u"(ez;N)dei(0,€) = BAe Y T (14 r)u" (¢ 2:N)dc; 141(0, €)

e’z N

—o—1
%]\]) dci,t+1<07 6/)

dci,t(oa 6) - /8)\8 Z Hee’ (

/

—o—1
e
dci,t(07 6) = [ Z Heer <6> dCz‘7t+1(07 6,)
6/
The change in the policy function for consumption of permanent type ¢ at time t due to

shock on N

N\ —(o+1
(ﬁ)\éﬂéé)%t <Ze’¢e 1111: (%) M e+ mmé) zidNy s>t,e=e
de;it(0,e) = m; z€2;d Ny s=t,e=e

0 s<t
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Adding up across all shocks { Ny},

(o+1) o0
Hée’ — s—
dCi’t(O, é) = mi’éézidNt + (Z I (6) e + mi,ge) Z (ﬁ)\énéé) ¢ Zz'st
ee \ €

e'#e s>t

1=, I\ —9 oo
dai,tH(O, é) = (1 — mLE)éZZ'dNt —e (Z He_e_ (6 ) + m; e) Z (B)\ Hee) Zist

e'#e s>t

A.7 Aggregation

As before, we have that,

dA; 111 = da;141(0,€)me + NidA;y

Combining the last two equations and defining K = 3,/ ¢ H (%)70’, we get:

dA; 111 = me(1 —m;z)ez,dN, — mze (K 4+ myz) Z (ﬁ)\énég)#t 2idNs + NidA;

s>t

Summing across permanent types given that dA;;1 = >, w;dA; 11, we get the following
aggregate sequence-space Jacobian:
7Te€

A" = > wiz T ay )T a-)

eez

1 0 0
Ao 100
With T7(ay) = |

PLEDY

{\ﬁ _(m 1+r)<6)\> _<ﬁ 1+T>(6)\>

i 1
and T (a-) = 8 lgr I A tie) ()

1+4+r

A.8 Rewritting the sequence-space Jacobian for income shocks

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

e 1
A" = =5 T T"(a_).
s T e T )
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When we have preference for wealth,

n &€ Whzh

A" = Héél+rT (ay)T™(a_).
1 00
- A 10
Wit (ay) 2o 1

and T"(a_) = 8 ;)\ _(é_/\/\) (B2)
Loy -y
ar o T [N A=A (BN A T AL A) (B3 - (5 - 2) (5
Tl [N =N (5 A (B A2 =N (5 = N) (BN - (g A) (BA) + A

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

M;+A}=(1+rLA,+1 < M} =(1+r)L-1)A} +1

Defining
™ (-2 o (3-3) 63y
o | TEDA=X 0= (0 (5=2) (B0 =4 (00 = (L+n)aA+1) (5 - ) ()
h — (1+7)A2 =\
n Wéé 1 ~rn
b H——1+7“Mh+1
And:
n n Te€ Wheh vrn
M" = thth 4wzl = .1+ TM +1I
The first line, first column of M} is the static MPC :
Tz€ A Tz€ Tz€ A
B— = 1 - = 1 = 1-—
H551+T ( Héé) ~ + Héé ( ].+T)
—_————— MPC HtM N~~~ N———
share of constrained within high type

share of Ricardian within high type MPC Ricardian



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

Wéé A
X (1— )
Iz —~ 14+r
N~ rate of decay “——
share of Ricardian static MPC

A.9 Aggregate Intertemporal Keynesian Cross

Differentiating the goods market clearing condition, we have that:
dY = (1 —w)zMpdN + (1 — w)z, M} dr + wzMjdr + zwM]'dN
In the non-homothetic case, we have that:
dY = (1 —w)z,MpdN + (1 — w)z, M} dr + zjwldN

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

GE amplification Direct effect

Notice that, with non-homothetic preferences, an increase in permanent income inequality
increases the direct effect and decreases the indirect effect. However, at the aggregate level,

those two effects cancel out.
< dY = [K(I-M})] '"KM,dr

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

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

dY = [K(I—-M")] " "KM"dr

With homothetic preferences, an increase in permanent income inequality has no effect on
the weight of the direct and indirect effect and so no effect at the aggregate level.
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A.10 Aggregate effect of monetary policy shock (proof 4)

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

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

dY = —(A™)"'A"dr. (2.6)

Remember that those two aggregate sequence-space Jacobians can be written as the
product of two Toeplitz matrices (all diagonal elements are equal):

Tz€ Wh2h

A" = ™ T"(a_
TS T ) T ),
1 00 A= (5=20) BN = (5-2)(BN?
. A 10 . 0 A —(3=2) (BN
With T"(ay) = 2o 1 and T"(a_) = 0 0 )
And:
A KT
A" = 615—1—7‘ - wpzp T (ay )T (a),
With:
1 00 0 1 BA
) A 10 ) 00 1
T (ay) = 2oy and T"(a_) = 00 0

Using that Toeplitz structure to solve the aggregate effect of a monetary policy shock in
equation 2.6,

K" Héé
o e
Noticing that T"(ay) = T"(ay ), we get that,

dY = — )

T"(a_ ) 'T"(ay) " T"(ay )T (a_)dr.

K" 11z
o e

dY = —fA T"(a_)"'T"(a_)dr.
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Notice that any Toeplitz matrix can be summarised by its symbol. For T"(a_), its symbol
is given by:

o 1 Azt
— z::f—A (BAz~ )’“<:>gn(2)=k—(ﬁ—k)1_ﬁ;ml-

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

- -1 Az
= L) =

Computing the product of the symbols of the two Toeplitz matrices gives us the symbol
associated to the product of those two matrices:

_ 1 Bzt N7 Az Bzt .
9u(2) 1g0(2) = (A— (5 Np= ;Az_l) v e P DO

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

KT Héé 1% . (6/)70- 1
dYy = — d th K" =) Igo—2——.
0 6 o e 1— 0 To W1 ; g—o—1 Héé
B Direct and Indirect Effects
B.1 Direct effect
The direct effect of a monetary policy shock is given by:
A 1 K" pA
Direct effect = —M"dr = wswp 2 o~ (BA) K ptdr = —TWaWp2n il b dro
o l+r o 14+7r o 1—pAg

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

dr

d|Direct effect| Direct effect N KT 5d d\ 1+ pB(1—X) Loy
= Tewp 2 — pBdry | — —
dzy, Zn W PPATO dzp, (1 — pApB)? (1+7)?
—_————

composition effect>0 behavior effect<0

Controlling for the composition effect, the direct effect is negative.

B.2 EIS high permanent/idiosyncratic type

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

Starting with the change in the policy function of the high p/i type in t = 0 given that
there is a real interest rate shock in t = 1:

dCh,o(Oa é) = - (ﬁAh,éHéé) <Zhg(1K;T)> dry

dCh,O(O, é) = - (ﬁAh,éHéé) <zha(1K7zr)> dry

And, given that the shock has just been announced, the consumption at ¢ = 0 is just
given by the change in the policy function in ¢ = 0:

B K"
cho = ez, — (BAnellee) (ZhO'(l—l-T)> dry

Computing the savings of the high p/i (permanent/idiosyncratic) type:
an1+ cno = (1 +1)a;’ + zpeNy

Which simplifies to:

ap1 = —Crp + Zhé = —dch’g(O, é)

There is no change in policy function at ¢ = 1 since the shock is contemporaneous, and we
thus have
dCh71(O, é) =0

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

in consumption dcy; will be

depy = medap1(0,€) = —medeyo(0, €).

depy = medap1(0,€) = —(1 4+ 7+ dry)medey (0, €).

Taking into account the expectation with respect to idiosyncratic shock, we obtain
Elcnile = €] = Ele'zn, — (1 + 7 4 dr1)medey (0, €)]
Noting that m. = 1 if €’ # €, we can rewrite this as
Blenle = &) = Bl — (1+ 1+ dry) (Heemer + (1 = Teg) ) deno(0, )

101



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

Ele,] Eleleen + (147 +dr) (Heeme, +(1- Hee)> (BAnellze) (2n 5250 ) dry

Ch,0 ezp — (BAnellz) (Zh (+r )) dry

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

E[cs.] B E[€'|€]zn + <Heeme/ +(1-— Hee)) (BAnellze) (Zh%) dry
Ch,0 ezp — (ﬂ)\h,énéé) (Zh (1+r )) dry

Taking the derivative with respect to dry, we obtain

Ch,0

dri (ezn — (BAnellee) <2h 1+T )dﬁ)

qElenl (Heeme + (1 - Hee)) (BAnellze) (Zh%) cho + Elena] (BAnellz) (Zh (1+r))

Which simplifies to

JElena] KT (Héémé +(1- Hee)>ch,o +Efcna]/(1+7)
SO0 (Bl (zh ) -
dry o (ezn — (BAnellz) (Zh 1+7" ) dry)?

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

Elena] o (Hm (- nee)>ch,0 + Efena]/(1+ 1)
—h0 = (ﬁ)\h éHéé) (Zh )

dry ’ o (ezp)?

Which simplifies to
JElena] i (Heeme (- Hee))%0 Y Efena]/(1 + 1)
0 — (BN Jzz)
d (6 h,ellee ( > 5
r o ez,

Note that K" = Hiéé,o(é), so that

Tdr, '

ézh

Computing the EIS:

|4 dot G (Heeme +(1- Hee))Ch,o +Elena]/(1+7)
S mer gy, e SRR |

Ch,0
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Plugging the values for consumptions and given that mg; = 1 A

o

EIS:p(e)(l—b—r)ﬁ)\Kl A )é+E[e’|e]] 1

éE[ellé]Hég B 1+7r 1+7r o

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

to 1/0.

The sign of the derivative is given by:

C;i:;z{[(l_ 1—)|\—r>é+E[6/|é]/(1+r)] B 1iré} - cjz); [(1_ 1ir)é+

T (i)

Ele'le] — A
147

<0 >0

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

income.

B.3 Indirect effect
The indirect effect of a labor demand shock is given by :
Indirect effect = M"dN.

Taking the first element of the vector:

wpzp A(1 = p)

Indirect effectg = dNy — (1 — ) [
r1—pAp

dNy.

Taking the derivative of the indirect effect with respect to zj:
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C DMatrices Summary

C.1 Sequence-space Jacobians with zero liquidity

With homothetic preferences

1 —(1-8) —(1-8)8 —(1-5)F
1 o —(1=-p) —(1-p)p
1B 2 (-
. . . 53

B
0 1+r
A'r‘ — Su O 5

With element ¢, s of A" being 5 8‘““ and element ¢, s of A" being 8‘““

With non-homothetic preferences

i (o) — (1= )-8
A" =" 1/}“" - W BN+ 1+r (1 N W) BABN* 4 1)
& - 1‘@ BN+ 2 —(1- ) BB+ 1) +

0 (5 ()
ar=[0 25 () AR () + % (6)

With element ¢, s of A" being 5 aat“ and element ¢, s of A" being 8‘”“

C.2 Jacobians with positive liquidity

With non-homothetic preferences

B (=g ~ (1) (6
A" = gv 1/:-37’ 1— m 5)‘2 H;T - (1 - m) 6)\(6)\2 + 1)
fr ~(mmn) i - () AR
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C.3 Some useful matrices

010 000
00 1 100
F=10 0 0 and =1, g
0 1/(1+7) 0 00 1/(1+7)?
S o 0 0 1/(1+7) 0 0 0
K__z;(prr) I 0 “lo o 0
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D Additional Material for One-asset Model

D.1 Decomposition of a monetary policy shock

(a) Zero liquidity 0 (b) Low liquidity 03, (c) High liquidity
total . .

T

0.10
N 0.1

tax

% from s.s.
o
o
&) ]

ok'

0.01
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Non-homothetic preferences

Year Year Year

Homothetic preferences

0 20 0 20 0 20
Year Year Year

Figure 2.5: Decomposition of the effect of a monetary shock on output

Note: This figure plots the aggregate effect and the transmission channels of a monetary policy shock for different levels of
government bonds (from zero on the left, to a low level in the middle, and to high a level on the right). On top, the aggregate
effect and the transmission channels are computed with non-homothetic preferences for wealth while at the bottom they are
computed without non-homothetic preferences for wealth.

D.2 Rise in permanent labor income inequality with homothetic

preferences

We set v = 0 and study the effect of permanent labor income inequality on the transmission
of a monetary policy shock. We find that an increase in permanent labor income has almost
no effect on the output response to a monetary policy shock, even in the presence of a
positive supply of liquidity. Indeed, as shown by Straub (2019) in Lemma 1, steady-state
policy functions in a model with homothetic preferences are linear in permanent income.

Figure 2.6 gives us a visual representation of this neutrality result. In the presence of
homothetic preferences, the MPC and the EIS are still functions of permanent income. But
they are now linear functions of permanent income. The EIS and the MPC normalized by
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Figure 2.6: MPC and EIS along the wealth distribution

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

permanent income are hence equal across permanent income types. Redistributing perma-
nent income across households leaves the aggregate MPC and the aggregate EIS constant.
Similarly, wealth distributions normalized by the level of permanent income are equal across

types.

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

permanent labor income distribution is confirmed in Figure 2.7.
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Figure 2.7: Decomposition of the effect of a monetary shock on output
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D.3 Rise in the variance of idiosyncratic shocks
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Figure 2.8: Decomposition of the effect of a monetary shock on output

E Additional Material for Two-asset Model

E.1

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

Jp (k) =

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

Given the Rotemberg adjustment costs: & (Py, Py_1) =

max
Pr,kt41,m1

P
{PtF (k‘t,nt) — Pt

Wi ‘
oDt = =P

ky

k
(t“>m—5ﬂappnn+

Intermediate firm’s problem in two-asset HANK

1+7r

with investment i, = k; 1 — (1 — 0)ky,
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Year bottom50 next40 topl0 topl00

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

Table 2.8: Distribution of permanent income used to calibrate the model

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

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

Table 2.9: Distribution of illiquid wealth in the Survey of Consumer Finance used to calibrate
the model

k 1
And the quadratic capital adjustment costs: ¢ (;:) ky with o(x) = W(:c — 1)
t €1

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

E.2 Distribution of permanent income and illiquid wealth

Tables 2.8 and 2.9 describe respectively the distribution of labor income from Piketty, Saez,
and Zucman (2018) and the distribution of illiquid wealth in the Survey of Consumer finance
that we use to calibrate our parameters (S50, Sp40; Sn9, Stop1) and (@ps0, Anao, Ang, Grop1). TO
move from the labor shares to the parameters s, we divide them by the weight of each
household type. For the illiquid wealth, we divide them by the share of illiquid wealth and
multiply them by the total amount of illiquid wealth in the economy.
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E.3 Two-asset with constant portfolio

(a.) Output response (b.) Consumption response (high - low)
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Figure 2.9: Output reponse and Decomposition

Note: The left figure plots the output response following a monetary shock. The right figure plots the difference in the
decomposition between the high-inequality economy minus the low-inequality economy.

(a.) iMPC 08 (b.) Consumption response
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Figure 2.10: iMPC and decomposition

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

111



E.4 Computational details

We solve the HANK model of Section 2 and the quantitative model of Section 3 using the
Sequence-Space Jacobian method of Auclert, Barddczy, et al. (2021), and their package
available online.

To solve for the steady-state, we fix the interest rate at r = 5% and find a 3 to clear the
asset with a bisection method, using the endogenous-grid method to solve the problem of
the household.

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

method with 11 points.

In the two-assets HANK model, we solve the problem of the household on a grid of 50
points for the illiquid assets and 50 points for the illiquid assets. The productivity process
is discretized on a grid of 5 points.
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Chapter 3

Why is there still investment in

polluting capital?

Despite governments’ commitments to limit global warming to 1.5 degrees Cel-
cius, there is still investment in carbon-intensive capital. This paper uses a
growth model featuring irreversible investment, capacity utilization, and clean
and polluting capital to study this apparent paradox. It shows that current in-
vestment in polluting capital and COs emissions are coherent with expectations
of a future carbon tax if investors also expect a bailout of polluting capital.
This result implies that governments’ credibility can play an important role in
reducing the cost of implementing an optimal carbon tax by committing not to
bail out. However, there exists a temptation for a short-sighted government to

boost output and consumption in the short run by announcing a future bailout.

1 Introduction

The climate literature has shown that the COs emissions implied by the existing stock of
polluting capital already exceed the remaining carbon budget to limit global warming to
2°C or less (Davis and Socolow 2014; Pfeiffer, Millar, et al. 2016; Pfeiffer, Hepburn, et al.
2018). Figure 3.2 shows the shrinking world carbon budget. The total carbon budget to
keep global warming below 1.5°C with 80% probability is only equal to 2.5 years of annual
emissions. Some of the existing polluting capital stock must become ’stranded’ to meet
our climate objectives. However, despite this overaccumulation of polluting capital and
the government’s commitment to respect this carbon budget, firms and households keep
investing in polluting capital.

This paper studies this apparent paradox in the allocation of resources towards polluting
capital, focusing on the role of climate policy uncertainty. Indeed, although there is evidence
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Figure 3.1: Global energy investment in clean energy and in fossil fuels, 2015-2023e

Note: Data from the IEA. Measured in billions of dollars.

that firms and households expect climate policy to become more stringent in the future, there
is still uncertainty surrounding when a carbon tax will be imposed and precisely what type
of policy will be implemented. More precisely, there appears to be a lot of uncertainty about
whether owners of stranded assets will be bailed out or compensated by governments. For
example, Sen and von Schickfus (2019) shows that, in Germany, investors expected that
the tax on the lignite coal power plants would be accompanied by a form of bailout to
compensate stockholders for their financial losses. Only when a court decided this policy
was against national and European legislation did the value of the firms owning those lignite
coal power plants decrease.

Thus, one potential explanation for the persistent investment in polluting capital is
that households and firms expect compensation for future losses due to a more stringent
climate policy. Indeed, if polluting capital is more productive than clean capital, it can be
optimal for investors to keep investing and using polluting capital if they expect a bailout
compensating them for the potentially stranded assets.

In this work, I study the impact of climate policy uncertainty on investment in pollut-
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Figure 3.2: Remaining carbon budget for the 2°C and 1.5°C target.

Note: This figure shows the remaining carbon budget in 2022 depending on the likelihood of keeping global warming below
1.5°C or 2°C. Sources are from Our World in Data.

ing capital and the existence of stranded assets. We use a two-asset neo-classical model
along the lines of Rozenberg, Vogt-Schilb, and Hallegatte (2018) with three key features:
(1.) irreversibility in polluting capital, (2.) capacity utilization of polluting capital, (3.)
uncertainty about future climate policy. A key feature of our model is in line with Sen and
von Schickfus (2019), firms are unsure about both the timing of climate policy and whether
the government will bail out stranded assets or not.

We first show that non-punitive climate policies such as subsidies on clean capital are
probably not feasible under the current level of polluting capital, which makes it more
likely that investors expect a future carbon tax. Secondly, in a stochastic equilibrium
where investors expect a future bailout, the steady-state level of polluting capital can be
above the laissez-faire equilibrium if the bailout is sufficiently large. Thus, expectations
of a future climate policy can be coherent with an increase in current emissions when we
include the possibility of a bailout. Finally, we show that a short-term government might
want to commit to a future bailout of polluting capital to temporarily increase output
and consumption at the cost of a longer transition and more stranded assets. Conversely,
committing never to bail out polluting capital reduces output today but decreases the cost
of transition and the amount of stranded assets in the future. Finally, we show that, despite
the absence of any financial frictions in our model, the price of clean and polluting firms will
overreact to climate policy commitments in the future, confirming that expectations about
future climate policies might have a large impact on financial markets.

Literature review. There are two types of stranded assets. The first ones are the
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known fossil fuel reserves that need to remain under the ground to respect the objective
of 2°C set by the 2015 Paris Agreement. Indeed, as shown by McGlade and Ekins (2015),
known reserves in 2015 vastly exceeded the carbon budget of 1,100 gigatonnes of carbon
dioxide, and around a third of oil reserves, half of gas reserves, and 80% of coal reserves
need to remain unused. This overabundance of fossil fuels has thus shifted attention from
the risk of "peak oil" to the risk of stranded assets (van der Ploeg and Rezai 2019).

A second type of stranded asset is the infrastructure and capital that directly or indi-
rectly requires carbon fuels to operate. Such assets can be directly related to the energy
sector, such as a coal plant, an oil refinery, or an oil tanker, but they are not limited to it:
airports, highways, and central heating systems can also be affected. Davis and Socolow
(2014) estimated that the committed emissions — that is, the cumulative emissions that
would be emitted if an asset is used for its total lifetime at its expected use rate — implied
by those carbon-intensive infrastructures were increasing at 4% a year in the energy sector.
Subsequent studies found that the committed emissions from total carbon-intensive infras-
tructures already exceeded the current carbon budget, making the appearance of stranded
assets inevitable (Pfeiffer, Millar, et al. 2016; Pfeiffer, Hepburn, et al. 2018). The main
conclusion from the empirical literature on stranded assets is that there is too much carbon
fuel at our disposal and too much carbon-intensive infrastructure to use compared to our re-
maining carbon budget. This over-abundance makes it more likely that a climate transition
will imply stranded assets.

In theory, stranded assets can be the most efficient solution and are a desirable conse-
quence of a carbon tax. If investors made mistakes in the past and didn’t properly internalize
the climate constraint and the social cost of carbon, it can be more efficient today not to use
those assets once the climate constraint is revealed (Rozenberg, Vogt-Schilb, and Hallegatte
2018). In that sense, stranded assets are a typical example of avoiding a sunk-cost fallacy.
If the marginal cost of using those assets is superior to the implied marginal benefit, it is
best not to use them, whatever the previous cost of investing in them. However, in practice,
stranded assets might create risks for financial stability and incentivize politicians not to
implement efficient climate policies. Many central bankers, especially in Europe, (Carney
2016; ECB 2019; Andersson and Baccianti 2020; Batten 2018) have thus focused on the
risk that those assets could pose to financial stability. Banks that have carbon assets on
their balance sheets could become insolvent due to the decrease in the value of those as-
sets following a more stringent climate policy (Lucia, Ossola, and Panzica 2019). Secondly,
investors who own potentially stranded assets might be able to lobby against climate poli-
cies and block efficient and needed action against climate change. In addition, investors
might demand financial compensation, increasing the cost of climate policies and pushing
the government to delay climate policies.

Given the overabundance of polluting capital of fossil fuel reserves and the potentially
harmful effects of stranded assets, a natural question arises: why do investors keep financing
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carbon-intensive capital when most governments have already committed to limiting climate
change to 1.5-2C° with the 2015 Paris Agreement? Indeed, as shown by Pfeiffer, Hepburn,
et al. (2018), investment in carbon-intensive capital is still positive even though the climate
constraint has long been discovered. Batten, Sowerbutts, and Tanaka (2016) found that
although the Paris Agreement positively impacted the valuation of renewable companies,
it had no significant effect on carbon-emitting companies. A good example of this paradox
is coal: although it is the most polluting carbon fuel, the installed capacity of coal-fueled
electricity plants has constantly risen in previous years. Three potential factors can explain
such a paradox.

The first would be that investors have not internalized governments’ commitment to
limit global warming or believe this commitment is not credible. However, this would be at
odds with numerous studies that find that investors expect some kind of climate policy and
have already priced in the risks associated with climate policies and global warming (Batten,
Sowerbutts, and Tanaka 2016; Byrd and Cooperman 2018). Bolton and Kacperczyk (2019)
finds that investors consider a carbon risk in the sense that they demand higher returns for
higher CO, intensive firms, which indicates that they expect a climate policy in the future.
Fried, Novan, and Peterman (2019) also provides evidence that some large US firms use
an internal carbon price to guide their investment decisions, indicating that they expect a
more stringent climate policy in the future. Thus, even though firms doubt the timing of
climate policies (or, equivalently, the actual size of the carbon budget), they expect some
action against climate change will be taken in the future.

A second explanation could be that investors expect that technological innovations, such
as carbon capture, will allow the retrofitting of carbon-intensive capital. In that sense, they
expect that the irreversibility of polluting capital will not be binding and that it will be
transformed into cleaner capital in the future (Byrd and Cooperman 2018; van der Ploeg
and Rezai 2019). There is indeed evidence that the potential of carbon capture could limit
the carbon intensity of some coal plants and other polluting capital (Fisch-Romito et al.
2020).

A last reason could be that investors expect to be compensated for their losses by gov-
ernments. If investors expect governments to bail out stranded assets, investing in carbon-
intensive infrastructures can be rational and profitable even though the climate constraint
is already known. In this sense, the uncertainty about climate policy is deeply related to
the political economy issues previously mentioned (van der Ploeg and Rezai 2019). Sen and
von Schickfus (2019) provides some evidence of investors expecting a bailout in Germany,
where the federal government announced a future ban on lignite coal plants. Their study
found that the prices of coal-related firms weren’t affected by the announcement of the ban
but dropped only after a court ruled that any kind of compensation would be illegal.

This work is related to recent theoretical works that have shown the impact of a carbon
tax on the level of stranded assets. Rozenberg, Vogt-Schilb, and Hallegatte (2018) found
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that, in a Ramsey growth model with polluting and clean capital, a tradeoff exists for the
social planner between intertemporal efficiency and the level of stranded assets. However,
their study didn’t take into account the anticipation of climate policy by investors and the
potential commitment issues from the government: they assumed that once the climate
constraint is discovered, there is an immediate and optimal carbon tax imposed. This is a
potential issue as there has been a lot of debate about the impact of expectations of climate
policy on current emissions. For example, Sinn (2012) showed that expectations about a
future carbon tax could push carbon-intensive sectors to increase their use of carbon fuel
in the short term to limit the amount of future carbon reserves under the ground. On
the contrary, Fried, Novan, and Peterman (2019) showed that if investors expect an efficient
carbon tax to be imposed in the future, they will reduce their current investment in polluting

infrastructures, and the cost of actually implementing the carbon tax will be smaller.

This model contributes to the debate by showing that this “Green paradox” versus
“reversed Green paradox” depends on the ability of the government to commit to a clean
climate policy. Suppose the government credibly announces that it will not bail out future
stranded assets. In that case, our model suggests that emissions should decrease before
the implementation of the policy, compared to the laissez-faire equilibrium, and the cost of
imposing a carbon tax will be lower. Previous works also investigate the impact of investors’
expectations on stranded assets but didn’t account for some of the general equilibrium effects
or the impact on the cost of climate policy that we investigate. van der Ploeg and Rezai
(2018) and van der Ploeg and Rezai (2020) study the impact of policy uncertainty on
investment in polluting capital in a model of the energy sector and found that polluting
firms’ profits were higher when the carbon tax was delayed or when a subsidy on clean
capital was imposed instead. However, their model didn’t account for general equilibrium
effects and the impact of climate policy on output. Finally, in a larger sense, this work
belongs to an older but large literature on investment under uncertainty and irreversible
investment (Arrow and Kurz 1970; Abel 1983; Abel and Eberly 1993; A. K. Dixit, R. K.
Dixit, and Pindyck 1994; A. Dixit 1995).

This paper is structured in three parts. In the first part, we present and solve the model
for the laissez-faire equilibrium and the planner’s solution. In the second part, we study
a decentralized equilibrium under an optimal carbon tax, a second-best subsidy on clean
capital, and an optimal carbon tax associated with a bailout. In the third part, we study the
stochastic equilibrium before a climate policy is imposed and when investors expect either
an optimal carbon tax or a tax jointly with a bailout. We calibrate the model and present

some numerical simulations.
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2 A growth model with clean and polluting capital

In this section, we present the main model without policy uncertainty. It is a neoclassical
model with two assets in discrete time, similar to Rozenberg, Vogt-Schilb, and Hallegatte
(2018). We first solve for the decentralized equilibrium under "laissez-faire", that is, without
the climate constraint. We then solve the central planner’s problem under the climate

constraint.

2.1 Laissez-faire equilibrium

The economy comprises three sectors: a final goods producer, an intermediate clean pro-
ducer, and an intermediate polluting sector. The representative household owns shares in

the two clean and polluting firms.

Firms

Final goods producer. A final goods producer produces total output ¥, using an intermediate
good x; and labor [, with the following aggregate production function

Y, = af
The intermediate good z; is a composite of the clean and polluting intermediate goods zf
and z¥

=t st
we= (@)= + @)

The first-order conditions of the final good producer determines the price of the intermediary

goods

c oy £=1 e—1 e%a—l oy =L
pi=a(@)= +@)=)7" @),

p=a (@)= + )= @

Clean intermediate good. A clean intermediary firm owns the stock of clean capital
and makes investment decisions to maximize its stock market value, subject to a linear

production function

V (ks
V (k) = max {df + “tl)} st xf = 2%k
kit L+rig
di = pyri — kiyy + (1= )i,
The first-order condition yields the usual equation for the productivity of capital

ry = piz — 0. (3.1)
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Polluting intermediate good. The polluting firm owns the stock of polluting capital and
makes investment decisions but is also subject to an irreversibility constraint on investment
to represent the difficulty of transforming polluting capital into clean capital, as in Arrow
and Kurz (1970). We also allow the firm to use only part of its installed stock of capital
¢¢ < k¥ to produce the intermediary good. We say that the economy has stranded assets if

P LP
e < ki
V (kY
V(kY) = max < d} + (71“;1) sit. af = 2Pqf
a; ki 1+ T

& = phal — Ky + (1= )7
ki =2 (1= 0)kf
ki > qf

The corresponding Lagrangian is

V (ki)

L—d+
' L4774

+ (ki — (1= 0)k) + v (kY — qF).

This yields the following first-order conditions

V/ k,P
1_¢t: 1 ( t;—l)’
+ T
pL2P = . (3.2)

Along with the associated Karush-Kuhn-Tucker conditions

v(q; — ki) =0, 1 >0, (3.3)
ik — (1= 0)k7) =0, 4 = 0. (3.4)

The associated envelope condition is
VI(kY) = =u(1 = 0) + 1,
so that the investment decision of the polluting firm is determined by the following equation
(1 =) (X + i) = plaz” + (1 = dea)(1 = 6). (3.5)

Proposition 3.1. In the laissez-faire equilibrium, assets are never stranded.

Proof. Since the aggregate production function respects the Inada conditions, the marginal
productivity of capital goes to infinity as z} goes to 0 and thus, p! will always be strictly
positive. Equation 3.2 thus implies that the multiplier on the capacity constraint v; will be
strictly positive. Equation 3.3 then implies that ¢ = k¥, and the economy will not display
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stranded assets. O]

The intuition behind this result is straightforward: there is no cost associated with using
polluting capital, so it is always efficient to use all of the installed capacity. The investment
decision is only based on the tradeoff between consuming today and consuming tomorrow,
without taking into account emissions or the social cost of carbon.

Households

The economy is composed of a representative household that maximizes its expected dis-

counted sum of utilities over an infinite horizon
o0
Ko Z 6tu(ct).
t=0

The household owns shares in the clean firm s§, whose price is vf, and the polluting firm s?,
with price vf. The budget constraint is thus

c.c D P _.cf,.C c P/, P /4
e+ visi iy Fupsy = sp(vf +df) + 7 (vf + dY).

The instantaneous utility function is a CRRA function of the form

u(c;) =

The following two Euler equations characterize the optimal consumption-saving decision
of the household

Utcct_x = 50;42(1(65?“ + U§+1) (3.6)
vie, X = Be N (dfvy + vii) (3.7)

Proposition 3.2. In the laissez-faire equilibrium, assuming the absence of irreversibility
costs, the marginal productivity of installed polluting capital is equal to the marginal produc-
tivity of clean capital.

Proof. Let us first define the (stochastic) discount factor of the households as

c c /4 p
di 1+ v 1P, = di1 + Vi
A Ti41 = D .

1+7ry =
t+1 e o

Equation 3.6 and 3.7 imply that

c — 2P
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If we substitute Equations 3.1 and 3.5 and assume that 1,1 = ¢, = 0, we obtain
pizt = pi2P.
m

The main conclusion of the laissez-faire equilibrium is that, in the absence of a carbon tax
on the use of polluting capital, there are never stranded assets and the marginal productivity
of polluting and clean capital will be equal. Assuming a higher marginal productivity of
using fossil fuel, we will thus have a higher share of polluting capital in this economy.

2.2 Central planner’s solution under a climate constraint

We now focus on the social planner’s problem, taking into account the carbon constraint.

The climate constraint is represented by a carbon budget m; < m where m represents
the maximum level of cumulative emissions to limit global warming to 2°C. This is coherent
with the literature on climate change that has shown that global warming is closely related
to cumulative past emissions (Allen et al. 2009; Matthews 2016).

This allows us to model the complex carbon cycle through a simple law of motion of
cumulative COq emissions, represented by my;1 = €;+ (1 —e)m; with e; being the emissions
of CO, at each period and ¢ a coefficient measuring the dissipation rate of CO,. In practice,
¢ is so small compared to the depreciation of capital § that it is negligible in the short and
medium term, but we take it into account to simplify some calculations. Finally, the use of
¢’ causes emissions at a rate GG, which represents the carbon-intensity of polluting capital,
so that e, = ¢/G.

The social planner maximizes the representative household’s utility subject to the re-
source constraint of the economy, the law of motion of carbon emissions and of clean and
polluting capital, the physical constraint on the use of polluting capital, the irreversibility

constraint, and the carbon budget constraint. The problem of the social planner is thus
max 3 Btulc) sbat ki k= ok (U 9)(k + &)

Ct3lit,p,it,c =0
1 =\
e <((:c§>ae + (af) ))

c __ .clc D __ D
xy = 2°kf, = 2q

Mmip1 = qu + (1 — €)mt
ki > qf
K > (1 0K

m > my
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The associated Bellman equation of the problem is

Vi R = )+ Vi, i) |

kt+1 kt+1 4

+ ekt — (1= )kP)

+ v (kY — qf)

+ pe(mir — Ggr — (1 — e)my)
+ ¢e(m — my)

The first-order conditions are

8‘/;54-1 (ktca kf)

/ —
D=
Vi1 (ki KY)
/ o ty vt
u'(c) = B—akt—i-l +
0 kc’ p
v = u’(ct)y(atpqt) — Gy (3.8)
8‘/;5-1—1(]{/}0’ kt)
R 3.9
pe =0 DM (3.9)
and the Karush-Kuhn-Tucker conditions are
wt(kfﬂ - (1 - 5)kf) =0, ¥ =0
vi(ki — af) =0, % >0
¢t(m—mt) =0, ¢ >0
The envelope conditions are
OV (ki Kt my) Ay (ky, ar)
k¢ e g T
OV, (ke kY,
WKL) o)1= 8) = (1= )t + v
Ok
OV (ke kY m
LRI (- -
Substituting the envelope conditions inside the first-order conditions, we find
c D
u'(cp) = pu'(crpr) (ay(tH’th) +1-— 5) (3.10)
ok,
Ay (k{i1, ar) fii+1
/ / t+15 Y41 +
= 4+ 1-6—-G —/ 3.11
u'(cr) = Bu (1) ( ¢y + W) (3.11)
L
Hi+1 = 1—¢ <ﬁt - ¢t+1> (3.12)
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with (1 = % being the legacy costs associated with the excess of polluting

capital that cannot be disinvested.

Proposition 3.3. The economy features stranded assets if

Oy (k, ky)

< Gy.
aqf lut

Proof. The optimal choice of ¢! is determined by Equation 3.8. Let us assume that ¢f = k?.

If the marginal productivity of polluting capital when using all of the installed capital

c L.p
ay(g;%kt)
construction, ¢f < k¥ for equation 3.8 to hold. H

is below the marginal value of an extra unit of COs Gpy;. Then since v, > 0 by

Equations 3.10 and 3.11 also state no-arbitrage conditions between the clean and pollut-
ing capital, but taking into account the social cost of carbon. The planner will thus invest
in types of both capitals until their discounted marginal value is equal to the marginal value
of consuming today. If the level of polluting capital is too high, the planner cannot adjust

it instantaneously, and it will bear the cost ;.

Proposition 3.4. The social cost of carbon p; will increase at the rate 1/(5(1—¢)) as long
as my < m.

Proof. The first-order condition, jointly with the envelope condition, imply that g1 =
1%5 (% — ¢t+1), and the Karush-Kuhn-Tucker condition implies that ¢; = 0 when m; <
m. m

This result comes from the fact that, in this model, carbon emissions do not provoke any
direct damage but can be considered as an almost finite resource. Thus, we can interpret
this result as a modified Hotelling rule, which states that the scarcity rent of a non-renewable
resource will grow at the rate of the discount rate. Here, carbon emissions are a (almost
non) renewable resource, and this rate is modified to take into account the dispersion rate
¢. Note that when we have ¢ = 0, we get the usual Hotelling rule in discrete time.

Proposition 3.5. When the economy features stranded assets at t, the irreversibility con-

straint was binding at t — 1, and there was no investment in polluting capital.

Proof. From Proposition 3, we know that if the economy features stranded assets, we have

Iy(kii1, al) e

aqgﬂ U’<Ct+1) .

Thus, the relative level of used polluting capital and clean capital is

ay(k:f+1aqg)) _ 8y(kf+1>Qf) _q He+1 ol
akf—&—l aqg—&—l U/(Ctﬂ) i

= —li1
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ay(karlvq:f)

oW,

finite. Thus, we have ¢ — (1 — §)1p441 > 0 — 1, > 0 which implies that i;, = 0 by the
Karush-Kuhn-Tucker conditions. O

Because of the Inada conditions, we know that > 0 when the level of capital is

The intuition behind this result is straightforward: if the planner uses an amount of
polluting capital inferior to the installed capacity ¢;,; < k7,,, it means that there is too

much polluting and the planner was constrained when it made the investment decision.

Proposition 3.6. The steady-state equilibrium of the constrained economy is defined as

Mes = M
me

ss,p — kss = -
q P P G

iss,c - 6kss,c

lssp = OKssp > 0

wss =0

Oy(kisr, drv) _ Oy(kisr, drer) e Hi+1
Okfyy Okt w'(Cry1)
Proof. See appendix. n

Note that, in practice, € is very small, and the amount of polluting capital will be close
to zero. This steady state is thus equivalent to a fully decarbonized economy.

To sum up what we have learned so far, the main result from this section is an insight
already shown by Rozenberg, Vogt-Schilb, and Hallegatte (2018): in the presence of an
excessive amount of polluting capital and irreversible investment, it can be the most efficient
solution to have stranded assets. This result comes from the fact that, contrary to the
investment decision which is by essence intertemporal, the level of polluting capital used is an
intra-temporal decision. Using the entire stock of installed polluting capital would be falling
prey to a sunk-cost fallacy: the central planner might wish it had invested less in polluting
capital in the past, but it is optimal, today, to "strand" some of those assets. However,
this decision is costly from the point of view of production: lowering ¢ reduces production
and, hence, consumption in the short run. Moreover, when the economy transitions from
the laissez-faire equilibrium to the constrained equilibrium, if the level of polluting capital
is too high, it will feature a phase with stranded assets and zero investment in polluting
capital.

3 Three types of decentralized equilibriums

In this section, we compare three ways to meet the climate constraint in a decentralized
equilibrium. We focus on an optimal carbon tax, a subsidy on clean capital, and an optimal
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carbon tax with compensation for owners of stranded assets.

3.1 Decentralized equilibrium with a tax

We now show that we can decentralize the previous allocation through a carbon tax 7.
The problems of the household, the final representative firm, and the clean intermediary
firm remain similar as in the ’laissez-faire’ equilibrium. The dividends of the polluting firm,

however, become
dy = pi2Pqf — kt+l (1- 5>kf - ¢/GTy

where 7; is the carbon tax per ton of CO5. We assume that the proceeds from the tax are
redistributed through a lump-sum transfer to the households. The problem of the polluting

firm is now

LP
V (k) = max {d‘f + Vi) tgl)} st ab =P
qtvkt+1 1 + Ti41
ppl’t t+1 ( - 5)’“? - Qtth
km > (1-0)ky

which yields the following first-order conditions

1— 1/] V,<kt+1)
Ly
pi et — G =y (3.13)

The envelope condition is
VI(k) = vy — (1= 6)(1 — ).

Substituting, we get

(L+7r)(d = ty) = pi2P — Gy — (1 — yy1) (1 = 0)

Proposition 3.7. The decentralized equilibrium with a carbon tax is equivalent to the social

planner’s allocation if T, = % until my = m.

Proof. Note that plzP = é?y(g#qt When 7, = we thus have

Mt
u/(ct)’

prp—Gthﬁ(kt,Qt)—G Kt =y,

dqf U/(Ct)

which is the same condition as 3.11. O
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Thus, just as in the central planner problem, we will have stranded assets when

Oy(ki, kt)

< GT.
oq? mt

3.2 Decentralized equilibrium with a subsidy on clean capital
We now show that we can obtain the same relative allocation of clean and polluting capital
using a subsidy of on clean capital.

The problem of the clean firm now becomes

kc
V(k;) = max {dg 4 Vi) } st @ = 2k

1 L4+ 7rig
di = piay — ki + (1 — 0)k{ + ofky.
The first-order condition of the clean firm now becomes

L+riy =pip2+oin+1-0.

Using the Euler equations from the household, we thus have

c 8f(/€§+1, (Jt+1,p>

ay(kthrl? Qt—i-l,p) + o —
i aqt-f—l,p

aytc-l-l

— b

which is the same relative allocation of clean and polluting capital if the clean capital
subsidy is set to the level of the social cost of carbon adjusted for the carbon intensity of

the polluting capital o, = ’fﬁclf;

However, the main difference between the decentralized economy with a subsidy and the

decentralized economy with a carbon tax is that, in the first case, there can be no stranded
assets as the government has no punitive’ tool to limit the use of polluting capital in the
short run. The economy will thus use all of the installed capacity at each period. This,
in turn, implies that this allocation is feasible only if the level of installed capital is small
enough so that the total level of emissions when using the whole capital stock until its total
depreciation will be inferior to the remaining carbon budget.

This result is important because, according to recent studies on committed emissions,
the level of polluting capital today already exceeds the remaining carbon budget (Pfeiffer,
Millar, et al. 2016; Pfeiffer, Hepburn, et al. 2018). A carbon tax will thus be necessary to
limit global warming to 2°C or less.

We summarize and prove those facts in the two following propositions.

Proposition 3.8. In the decentralized equilibrium with a clean capital subsidy, the economy

will never feature stranded assets.
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Proposition 3.9. The climate constraint can be met with a subsidy on clean capital only if

_ koG

Proof. See appendix. O

3.3 Constrained equilibrium with compensation

We now want to account for the main controversial point behind stranded assets: the com-
pensation of owners of polluting capital. Thus, we assume that the government implements
an optimal carbon tax 7; similar to the first decentralized economy, but also want to com-
pensate owners of polluting capital for their losses through a subsidy o?.

The problem of the polluting firm now becomes
V (ki)
V(kP) = max {df + —2 0 st 2l = 2P
(k7) Lhb { tT T TfH t 4y
di = pjai — Kl + (1= 0k — ¢/m + o7'ky
K> (1= 0K
kt > qf

It is important to note that the firm pays a tax on the amount of polluting capital that
it uses but gets a subsidy on the level of capital that it owns. This setup corresponds to
the incentive structure set up by the German government regarding its lignite coal industry
and described by Sen and von Schickfus (2019). The German government planned to pay
the lignite industry to keep some power plants off the electricity grid while implementing a

higher carbon tax on electricity producers.

The first-order conditions are

C _
ptzp — Ty = Vg,

(L +7r0)(1 =) = vigr + 0 + (1 =) (1 = 0).

Proposition 3.10. The emission path in the constrained equilibrium with compensation

will follow the same path as in the benchmark case if 7, = u/’(‘;).

Proposition 3.11. In the constrained equilibrium with compensation, the optimal level of

polluting capital k¥ can be above the actual use level of polluting capital ¢ .

Proof. Assume we have stranded assets so that vy = 0. We can rewrite the Euler equation

of the polluting firm as
of (k. qt)

=o0,—¥; >0
aqf 0¢ t
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using equation 3.3. We see that if o; > 0, then ¢, can take any value such that ¢, < oy,
including ¢; = 0, and the Inada conditions will still be met. Thus, this economy can feature

stranded assets while the irreversibility condition is not binding if o, is large enough. O

In this economy, we can thus have no legacy costs ¢;,; = 0 and still stranded assets,
which means that the existence of stranded assets doesn’t necessarily imply that the stock of
polluting capital will decrease and converge to ¢ = kY. The government can thus adjust o,
so that the irreversibility constraint is never binding and that the representative entrepreneur

will never have to bear the legacy cost due to its excessive investment in polluting capital.

4 Stochastic transition with tax and compensation

We now introduce uncertainty in the model. We assume the economy is in the laissez-faire
equilibrium without tax or subsidy. At each period, there is a probability p to transit to
a new state, called 2, where the government imposes an optimal carbon tax 7 that might
create stranded assets, as in the benchmark case. With probability 1, the economy moves
to another state, called 3, where the government imposes a carbon tax but compensates the
owner of polluting capital at a rate . With probability 1 — p — 1, the economy remains
in the stochastic state in state 1. We assume the government is credible because there is
no probability of moving to another state once a policy is imposed. We can summarize the
probability space as such

State 1 2 3
1 L=p=n p n
2 0 10
3 0 0 1

Table 3.1: State-dependent probabilities
This model thus features two kinds of uncertainty: one related to the timing of the policy
(i.e. when the uncertainty will be resolved), and one related to the political preferences of
the government regarding the potential bailout of owners of polluting capital (i.e. whether

the economy transit to state 2 or state 3. The variable o denote the policy state of the
world.

Households

The problem of the households now write
EO Z 6tEo [U(Ct)]
t=0
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subject to

c.c P D _.cf,.C c D/, D /4
Ct + VS T v s = sp(vp + df) + i (v + df).

The associated Euler equations are

UEC;X = BEO[C;& (d§+1 + U§+1)]7 (3‘14>
viey ¥ = BEo[e 5 (dY 1 + vii)]- (3.15)

Firms

The problem of the firms now takes into account the policy uncertainty. For simplicity, we

mention only the first-order conditions of the optimal decisions of the polluting firm

(1= v)(1+1,) —E [W')] |

Ok

where we have

OV (Kyslo = 1)

= P2+ (1= 0)(1 =),

Ok 41
IV (k} 1|0 =2
( t+1’ ) — pfg)HZp +(1-=9)(1 —vYy) — Graq,
Ok 41
OV (Kl ,lo=3
Waalo =) _ ppor 4 (1= 8)(1 ) — Gt + i
Okt11

Proposition 3.12. During the transition period, the economy never features stranded assets.

Proof. Same as the proof for the laissez-faire equilibrium, using derivative of the value
function of the polluting firm when o = 1. O

In this stochastic equilibrium, the level of polluting capital and of COy emissions will
thus depend on the relative size of 7;, o, 7 and p. If investors expect a large bailout in the
future, emissions can increase compared to the laissez-faire equilibrium and the discovery
of the climate constraint can thus be coherent with a temporary increase in emissions. We
further discuss the implications of this model in the next part.

4.1 Computational algorithm

Although our model is stylized, it’s important to note that it is still challenging to solve.
It is a highly non-linear two-asset model with four state variables (polluting and clean
capital, carbon stock in the atmosphere, and the policy state), three occasionally binding
constraints, and permanent shocks. We first simplify the model by assuming that taxes
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and subsidies are constant, and not implied by an optimal policy function derived from the
carbon budget. This strong assumption allows us to get rid of a state variable and might

be relaxed in further work.

We then use a modified version of Rendahl (2015) time iteration algorithm with an
occasionally binding constraint. This global approximation method allows us to take into
account all the non-linearities of the model and the risk implied by the policy shocks. We
then compute policy announcements as MIT shocks on the probabilities to go to different
climate policies. This means that households are rational with respect to a future climate
policy, but they are unaware that the probabilities themselves of going to a different policy
state might change over time.

4.2 Calibration

Our calibration follows the work of Fried, Novan, and Peterman (2019) on US data.

To determine the share of clean and polluting capital z? and z¢, we follow the compu-
tations of Fried, Novan, and Peterman (2019) and set 27 = 3 and 2° = 1. This calibration
reflects two main factors: it follows the capital share of the oil and coal sector in the US, to
which we add the more carbon-intensive capital from other less polluting sectors, such as
cars, heating systems, etc. However, it should be noted that this distinction between clean
and polluting capital is mostly theoretical as, in practice, no infrastructure exists without

associated carbon emissions in a life-cycle analysis.

p is set to 0.15 as in Fried, Novan, and Peterman (2019), who estimate this parameter
using data from internal carbon prices in large US firms. Due to a lack of data about

investors’ expectations of a global bailout, 7 is set to 0.05.

4.3 Simulations

In this section, we study how the economy reacts to (1.) a climate policy shock, depending
on the prior expectations of households and firms, and (2.) a shock on the expectations of
households and firms regarding the future climate policy.

Climate policy shocks

Figures 3.3 and 3.5 show the impact of imposing a carbon tax, without a bailout, when
coming from a state where investors expected only a carbon tax (Figure 3.3), or also a
bailout (Figure 3.5). Formally, we compute a transition from a shochastic steady state,
before the policy uncertainty is resolved, to a steady state where the policy is 0 = 1. We
do so in two cases: in a stochastic steady state where investors only expected a carbon tax
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Parameters Calibration

Household

Discount rate: 0.95
CRRA coefficient: x 2
Production function

Capital share: a 1/3
Polluting capital efficiency: 2P 3
Polluting capital share: z¢ 1
Depreciation rate: & 0.05
Policy

Probability of carbon tax: p 0.10
Probability of compensation: n  0.05
Size of carbon tax: 7 0.2
Size of compensation: oy 0.1

Table 3.2: Calibration of the parameters of the model

(p > 0,7 = 0) and in a world where investors expected only a carbon tax with a bailout
(p = 0,n7 > 0). In the second case, the transition towards a carbon tax only world is an
event with probability 0 from the point of views of investors. This transition thus reflects the
impact of a mistake in policy expectations from the point of view of investors in polluting

capital.

Given our calibration, we see that if investors expect a carbon tax in the future, the
transition can avoid stranded assets and the irreversibility of capital is binding for only a
few periods, and the output cost is 18%. If investors expected instead a bailout of stranded
assets, the stock of polluting capital needs to adjust by 80%, and output diminishes by 20%
compared to the initial steady state. Expectations about the type of future climate policy

can thus have a large impact on the cost of implementing a carbon tax.

The transition in a world where firms expected a bailout of polluting capital also fea-
tures stranded assets and a longer investment period in which the irreversibility constraint
on polluting capital is binding. Expectations of a bailout thus make not only the transition
costlier but also longer to achieve. This, in turn, has a large impact on the financial valua-
tions of firms. The dashed-line line Figure 3.4 display the % change in the average Tobin’s
Q of the polluting firm in the transition, after a carbon tax is imposed, when firms expected
a bailout. The model predicts that the valuations of polluting firms will overreact to the
implementation of the carbon tax, with the average Tobin’s @) collapsing by almost 80%.
This is due to the fact that, for the first initial periods of the transition where assets are
stranded, a large part of the stock of physical capital is useless, decreasing the profitability
and hence the valuation of the firm. This over-reaction of the price of firms is corrected
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Figure 3.3: Impact of imposing a carbon tax without subsidy when investors expect only a
carbon tax

over the long term, as the stock of physical capital adjusts and the capacity utilization rate
increases again.

In our model, this over-reaction of the valuations of firms does not have a feedback effect
on output, investment, or consumption, since there is no financial friction that could connect
the financial sphere to the real sphere. However, we can conjecture that, in a model with a
financial accelerator a la Bernanke, Gertler, and Gilchrist (1996), this would trigger a large
decrease in loans, decreasing aggregate demand, and hence output.

Shocks to the expectations about future climate policy

We now turn to the impact of a government committing to a future climate policy. Figures
3.6 and 3.7 show the impact of a government committing to a carbon tax in the future
(Figure 3.6) or a bailout (Figure 3.7), without actually implementing it. Numerically, this
implies computing a MIT shock where the economy moves from a state where there is a
positive probability of a future bailout (p > 0 and n = 0) to one where there is no probability
of a future bailout (p = 0 and n > 0).

We see that committing to a carbon tax (i.e., excluding a bailout) increases the stock of
clean capital and decreases the stock of polluting capital. Output is reduced by 17%, but
assets are never stranded, which is coherent with our previous propositions. Thus, some of
the cost of transitioning to a clean economy is paid today, but the cost of a transition will
be lower in the future, as shown by the previous figures.

At the opposite, committing to a bailout of polluting capital creates an investment boom
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Figure 3.4: Tobin’s Q following a carbon tax without a bailout

Note: The thick lines show the average Tobin’s Q, measured as the price of the firm divided by its quantity of physical capital,
after a carbon tax is imposed by the government, when investors expected only a carbon tax. The dashed-line shows the
evolution of the average Tobin’s Q if investors expected a bailout instead.
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Figure 3.5: Impact of imposing a carbon tax without subsidy when investors expect a bailout
of polluting capital

in polluting capital that increases output by almost 20% compared to a state where firms

expected no bailout, at the cost of a longer transition once a carbon tax is imposed (Figure
3.7).

Those policy commitments are enough to create large changes in the valuations of both
the clean and the polluting firms, as shown in Figure 3.8. This is coherent with the empirical
findings from Sen and von Schickfus (2019), which we mentioned earlier, that the price of
polluting firms might react a lot to changes in expected climate policies, such as committing
to never bailing them out.
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5 Conclusion

Our model shows that investment in polluting capital and CO, emissions can increase even
after the climate constraint has been discovered, if investors expect that a carbon tax will
be accompanied by a bailout. This behavior can have an important impact on the cost
of implementing a carbon tax or the length of the energetic transition. This reveals the
essential role of announcing a credible climate policy for the government: committing not
to bail out future stranded assets will reduce the current level of polluting capital and make
the transition toward a green economy less painful. However, there is also an incentive for a
shortsighted government to increase current production and consumption by announcing a
future bailout of stranded assets, which would significantly increase the cost of the transition
and decrease the remaining carbon budget. This difficult choice of committing to a "hard"
transition is necessary: another conclusion of our model is that it is too late for a strictly
"non-punitive" climate policy. Given that the committed emissions implied by the current
size of polluting capital already exceeds the remaining carbon budget, a subsidy on clean

capital will not be enough to meet a 2°C global warming target.

Our analysis could be further developed in several ways. First, the transition between
the stochastic state and the state with a carbon tax could be analyzed further, showing
how wrong expectations by investors could increase the level of stranded assets in the future
period. Secondly, we could include the financial aspect of stranded assets and some game-
theoretical components. In our model, there is no benefit for society of a bailout. In practice,
bailing out polluting capital could be a way to limit the financial risks associated with a
stringent climate policy. There could thus be a space for strategic interactions between the
government and "too-big-to-fail" owners of polluting capital, that could force a bailout by
continuing to invest in polluting capital and putting their solvency at risk in case of a high
carbon tax. Finally, our model could be enriched by including uncertainty about the future
productivity of clean capital and some “learning by doing” effects.
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A Proof of the feasibility constraint for the subsidy on

clean capital

Take ¢ — 0, we get
M1 = ko(l — (5)t + my

The solution to this difference equation is

t
my = Z(l — (S)tilk(]G + mg

t=1

This sequence will converge to

. 0
lim m; = — + my
t—o0 5

The condition for the equilibrium with a subsidy on clean capital to be feasible is thus that

mz%—f—mo

B Computation of the steady state

B.1 For the Laissez faire
For the clean capital

We have
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Substituting the first equation in the second, we get
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For the polluting capital

Substituting the second equation in the first, we get
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B.2 For the benchmark case
For the polluting capital

At the steady state, we have m; = m and m;,; = m; so that

m=Gq,+ (1—¢e)m

Because i;, = 0k}, we have that 15, = 0 so that the marginal value of polluting and clean
capital is equal, which implies that ¢, = k7. Thus, we have

em
p_
ky =

G

For the clean capital

We now have

Substituting the second equation into the first, we get
1 1 = 1 1\ emy e
ko= ((246-1) —@)) =((24+6-1] — ()
e (Gromr)aaa) = (Gre)an) (3

B.3 For the decentralized equilibrium
For the clean capital

We now have



Plugging the second equation into the first, we get
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B.4 For the stochastic transition period

We now have
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For the clean capital
Substituting the second equation into the first, we get
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Power and Organisational Reform in
the United Nations Development
Programme

Louise Rygaard Jonas

Branding pa butiksgulvet

Et case-studie af kultur- og identitets-
arbejdet i Kvickly

Stefan Fraenkel

Key Success Factors for Sales Force
Readiness during New Product Launch
A Study of Product Launches in the
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Et eksplorativt studie af bygningers
rolle i viksomheders vaerdiskabelse

Monica Viken
Markedsundersakelser som bevis i
varemerke- og markedsfaringsrett

Christian Wymann
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