Tradeoffs for the poor, divine coincidence for the rich”

Marco Del Negro'™ Ibrahima Diagne' Keshav Dogral*
Pranay Gundam' Donggyu Lee' Brian Paculal

NY Fed!, CEPR*

March 20, 2025

Abstract

We use an estimated medium-scale HANK model to investigate how the tradeoff
between stabilizing inflation and consumption volatility differs for households at dif-
ferent points in the wealth distribution. We find that stabilizing consumption and
inflation go hand in hand for the rich, who are particularly exposed to demand-driven
fluctuations in profits, which are highly procyclical. For the poor, in contrast, aggres-
sively stabilizing inflation has a severe cost in terms of higher consumption volatility.
While they dislike inflation because it erodes real wages, they are hurt even more by an
aggressive monetary policy response to supply shocks, which reduce real wages further

while increasing unemployment and real interest rates.
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1 Introduction

Monetary policymakers face a tradeoff between the variability of inflation and real activity:
a single-minded pursuit of inflation stabilization implies volatile output, and employment
and vice versa. But both the experience of recent decades, and the heterogeneous agent
New Keynesian (HANK) literature developed over the same period, make it clear that such
tradeoffs may be very different for different households. The same shocks which give rise to
aggregate fluctuations can have very different effects on the rich and the poor: an increase
in firms’ desired profit margins, for example, besides its effect on inflation, may increase
profits for the richest households and reduce real wages for the poor and middle class. At
the same time, monetary policy’s response to these shocks has distributional effects. In
this paper, we use a medium scale HANK model to understand how the tradeoffs between
inflation stabilization and other objectives differ for households at different points in the
wealth distribution. This understanding is a necessary prerequisite to the thornier normative

question of how these tradeoffs should inform policy, which is beyond the scope of this paper.

We begin by documenting the welfare effect of monetary policy shocks, measured in
consumption equivalent terms, for households at different points in the wealth distribution.
Consistent with the empirical findings of Holm et al. [2021], the effect of a contractionary
policy shock have an inverse U-shape across the wealth distribution. Such a shock reduces
welfare for the wealth-poor, who suffer from both the deterioration in the labor market and
the higher interest rates on debt. Rich households benefit from higher interest rates, as
they are net savers, but are hurt by the decline in profits, which are strongly procyclical
in our model. Households in the middle of the distribution are not very much affected by
the increase in rates as they own less wealth, but are in a better position than the poor

hand-to-mouth to cushion themselves from the worsening of the labor market.

Next, we document the welfare effects of supply and demand shocks across the wealth dis-
tribution. A contractionary supply shock, modeled as an increase in firms’ desired markups,
has very uneven effects: the poor lose while the very rich benefit. Higher desired markups
increase realized markups, depressing real wages and increasing profits; the decline in real
wages is persistent, since nominal wages are sticky. This fall in real wages especially hurts
poor hand-to-mouth households, as it translates almost one to one into a decline in con-
sumption. At the same time, the falling labor costs translate into increases in corporate

profits, and benefit the very rich who receive these profits. The Fisherian effect of surprise



inflation (the fact that debt is worth less in real terms), which in principle goes in the op-
posite direction, is offset by the higher interest rates associated with the policy response
to higher inflation. In contrast, a contractionary demand shock, modeled as an increase in
households’ discount factor, decreases welfare for all households but primarily for the rich.
The fall in demand reduces profits, which are highly procyclical in our model, and accrue

overwhelmingly to the richest households.

Since households with different levels of wealth are affected very differently by supply and
demand shocks, a more aggressive response of monetary policy to inflation affects them in
very different ways. To examine this, we explore how varying ¢,, the coefficient on inflation
in our Taylor-type interest rate rule, affects the volatility of both aggregate and distributional
variables. Specifically, we look at the volatility of average consumption for households in
different parts of the wealth distribution (the bottom 10 percent, middle quintile, and top
10 percent).

While a more aggressive response to inflation always reduces the volatility of inflation,
its effect on real activity depends crucially on whether the economy is experiencing demand
or supply shocks. In response to supply shocks, a more aggressive response to inflation
increases the volatility of unemployment, wages, and profits, as the central bank contracts
income and employment in response to cost-push shocks. But in response to demand shocks,
a more aggressive response to inflation reduces the volatility of consumption and output, as

the central bank offsets the effect of these shocks, stabilizing both inflation and real activity.

While demand shocks explain the majority of aggregate fluctuations according to our
estimated model, for the poor, supply shocks are almost as important. A contractionary
supply shock harms the poor even under our baseline policy, substantially reducing real
wages. A more aggressive monetary policy response to this shock only makes things worse,
further reducing real wages and reducing the job finding rate. Thus, consumption volatility
for the poorest is sharply increasing in ¢,. For the richest households, while a more contrac-
tionary monetary response to a positive price markup shock reduces profits, this does not
make their consumption more volatile because these profits are already elevated following
a positive price markup shock. Meanwhile, in response to deflationary demand shocks, a
higher ¢, leads the central bank to cut rates more aggressively, stabilizing economic activity
and profits. While all households benefit from a higher ¢, in response to demand shocks,
this benefit is especially large for the richest households, who are extremely exposed to these

shocks owing to their disproportionate share of profits.



In the New Keynesian literature, the tradeoffs faced by a monetary policymaker are
often summarized in ‘frontier curves’ which show the combinations of output and inflation
volatility that can be implemented by some interest rate rule. In our model, the tradeoffs
differ markedly for households at different points in the wealth distribution. We summarize
these different tradeoffs by plotting consumption volatility for each group households against
the volatility of aggregate inflation. For poor households, the curve is sharply decreasing,
for the reasons described above: a more aggressive response to inflation is extremely costly
in terms of consumption volatility. The same tradeoff is present for the middle class, but
is less severe. For the rich, instead, the curve is increasing, at least for values of ¢, near
our estimated value. While monetary policy rules involve a significant tradeoff between

stabilizing real activity and inflation from the perspective of the poor, ‘divine coincidence’
holds for the rich.

Related Literature. Our paper contributes to a large, primarily empirical, literature
studying the distributional effects of inflation and monetary policy. One strand of this
literature regresses moments of the distribution of earnings, employment, consumption, etc.
on identified monetary policy [Coibion et al., 2017, Amberg et al., 2022, Mitman et al., 2022]
or oil [Drossidis et al., 2024, Broer et al., 2024] shocks. These papers generally find that
contractionary monetary policy shocks and inflationary oil shocks have more severe effects
on lower income households relative to the median. Del Canto et al. [2023] instead draw on
the Envelope Theorem to estimate the welfare effect of macroeconomic shocks. Since a shock
only affects welfare by affecting various terms in the household’s budget constraint (goods
and asset prices, labor and dividend income, transfers), its welfare effect for a particular
household can be estimated by combining sectional data and aggregate empirical impulse
response functions. Consistent with the literature cited above, Del Canto et al. [2023] find
that inflationary supply shocks are regressive, while expansionary monetary policy shocks are
progressive. Our approach is conceptually similar except that we also rely on our estimated
model to compute the response of aggregate variables to shocks. Pallotti et al. [2024] use
a similar aproach to measure the distributional welfare effects of the post-Covid surge in

Euro-area inflation.

The theoretical HANK literature has primarily studied the way in which inequality
mediates the effect of macroeconomic shocks on aggregate variables, rather than studying
the distributional effect of shocks in their own right. For example, while Kaplan et al. [2018§]

document how the response of consumption to a monetary policy shock differs throughout



the income and wealth distribution, their focus is on how this helps explain the aggregate
effect of the shock and its decomposition into direct and indirect effects. Bayer et al. [2024]
use an estimated HANK model to explore how business cycle shocks have contributed to the
evolution of income and wealth inequality in the US. Barddczy and Velasquez-Giraldo [2024]
use a HANK model with a realistic demographic structure to document how the effect of
a monetary policy shock on household consumption and welfare varies throughout the age

distirbution.

A recent literature studies optimal policy in HANK economies, both theoretically and
quantitatively. Acharya et al. [2023] find that flexible price level targeting remains optimal
in their analytically tractable HANK model; however, distributional concerns lead a utili-
tarian social planner to put less weight on stabilizing prices, and more weight on stabilizing
the output level, relative to the output gap. Among the literature studying optimal policy
numerically in richer models, Bhandari et al. [2021] find sizeable deviations between optimal
policy in HANK and RANK, while Le Grand et al. [2021] find smaller differences — highlight-
ing that it remains an open question how much HANK matters quantitatively for optimal
policy. Relative to this literature, we do not directly study the effect of alternative rules
on household welfare. Instead, our contribution is to study the aggregate and distributional
consequences of alterative, policy-relevant interest rate rules, in a richer HANK environment

with two assets and search and matching frictions.

In this regard, our analysis of alternative rules is most closely related to Gornemann et al.
[2016], who consider a medium-scale HANK model, assume policy follows a standard inertial
Taylor rule, and vary the weight on unemployment. They study the consumption equivalent
welfare gain from a change to one of these rules for households at different points in the initial
wealth distribution. Poorer households generally prefer a higher weight on unemployment
stabilization, while richer households prefer strict inflation targeting. Relative to their work,
the main difference is that we focus on the distributional effects of a switch from a standard
Taylor rule to average inflation targeting, rather than the effects of varying the weight on
stabilizing inflation vs real activity. Another difference is that our HANK model features a
two-asset structure, which implies different cyclical dynamics of profit and consumption for
the richest households.



2 The HANK model, calibration and estimation

This paper quantitatively evaluates the distributional impacts of disinflation policies. To
this end, we adopt a medium-sized HANK model developed by Lee [2024]. The model
augments a standard New Keynesian DSGE model by incorporating heterogeneous agents,
incomplete markets with both liquid and illiquid assets, search-and-matching labor market
frictions with wage rigidity, and financial institutions. These features allow the model to
capture the various channels through which aggregate shocks and macroeconomic policies
influence household consumption. Furthermore, the estimated model generates dynamics for
key aggregate variables—such as interest rates, inflation, wages, job-finding rates, and asset

returns—that align with empirical evidence on their responses to monetary policy.

2.1 The model

In this section, we provide a brief overview of the model’s key features, focusing on how
they serve the purpose of this paper while referring to the online appendix and Lee [2024]
for a more complete and detailed description. The model consists of households, labor
agencies, goods producers, a capital firm, mutual funds, financial institutions, and fiscal
and monetary authorities. Households consume goods, save in different types of assets, and
supply labor when employed. Labor agencies post vacancies to match with households and
provide labor services to goods producers. Since shocks and macroeconomic policies affect
the value of vacancies, the unemployment rate in the model is endogenously determined.
Financial institutions earn excess returns on equity by taking deposits and investing in equity,
and their profits are distributed to a small subset of households, generating significant wealth
and income inequality within the model. The monetary authority sets the nominal interest
rate according to a rule that determines how aggressively it responds to inflation and the

unemployment gap.

1) Households

There is a unit mass of households who are ex-ante identical but ex-post heterogeneous due

to the evolution of their idiosyncratic productivity, holdings of illiquid and liquid assets, and

'For empirical evidence on the effects of monetary policy shocks on these variables, see Christiano et al.
[2005], Lenza and Slacalek [2024], and Lee [2024].



employment status. Households determine their consumption, real equity holding, nominal
deposit /debt holding, and hours worked to maximize their lifetime utility. The household’s

value function is given by
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where a; represents illiquid equity holdings, b; denotes liquid deposit holdings, and ¢; rep-
resents consumption. Equity holdings are illiquid in the sense that adjusting them incurs
stochastic utility costs, denoted by x;. The variable ¢; denotes the price of illiquid assets,
while 7} represents the corresponding dividend rate. Due to the illiquid nature of equity,
only a small subset of households invest in equity and earn dividends, which are a fraction
of total profits, despite the higher return relative to liquid deposits. Households can also

borrow up to an exogenous limit b, incurring a borrowing premium . That is, the gross
L+ + 1B, <0y
Tt )

return on deposits is given by R; =

Idiosyncratic productivity, denoted by s;, follows a first-order Markov process. e; denotes
households’” working status. Each period, households are employed (e; = 1), unemployed
(e, = 2), or business owners (¢, = 3). Employed households earn labor income, which
depends on their productivity level, the real wage w;, and hours worked n;. Unemployed
households receive government-provided unemployment benefits, which are a fraction of the
steady-state labor income they would have earned if employed. Business owners, in contrast,
receive a share of firm profits as income. All sources of income are subject to a tax rate

7, and the government provides lump-sum transfers 7;. Importantly, the transition from



unemployment to employment is determined endogenously based on the aggregate state of

the economy.

Lastly, households’ discount factor ; evolves according to the following stochastic process

log(B;) = (1 — pg)log(B) + pslog(Bi-1) + €y, (5)

where [ is the steady-state level of the discount factor, pg is the AR(1) coefficient, and ez,
represents an i.i.d. discount factor shock. A positive shock increases households’ valuation

of future consumption, leading them to reduce current consumption while increasing saving.

Because of the two-asset structure and time-varying working status, households in the
model can have different levels and compositions of wealth (deposits/equity) and income
(labor, asset, and business income), along with varying exposures to labor and financial
market fluctuations. Given that liquid assets (deposits and debt) are nominal while equity
holdings are real in the model, households also exhibit heterogeneous exposures to inflation,
depending on their portfolio composition as well as whether they are savers or borrowers in

nominal assets.

2) Labor agencies

Labor agencies act as intermediaries between households and goods producing firms. They
post vacancies to hire households and provide labor services to firms. A household can supply
labor only through a labor agency. The value of a labor agency matched with a household

of productivity s; is given by
JH(se) = (rf — wy — Zp)sme + By [ Aryya (1= O (1 = N)(1 = Po)J (se41) (6)

where r! is the labor rental rate, and Z, is the fixed cost of maintaining a match. We assume
that the labor agencies’ discount factor A;;4; corresponds to the average marginal rate of

2 Households are separated from a match with an

substitution (MRS) of business owners.
exogenous probability A each period. Additionally, if a household dies with probability ¢ or

transitions to business ownership with probability P., the match is terminated.

Following Gornemann et al. [2016] and Nakajima [2023], we adopt an ad-hoc wage func-

tion to circumvent computational difficulties associated with implementing Nash bargaining

2Due to this assumption, a discount factor shock affects both households’ and firms’ behaviors.



for wage determination. Specifically, the real wage w; is determined by the following wage

function.

w, ri (1-pw) Wy T\ o\ e P
A e s S
w T w Tt Tt

This equation implies that the real wage is a convex combination of the labor rental rate

and the previous period’s nominal wage, adjusted for past and steady-state inflation rates.
Specifically, ¢,, represents the degree of indexation to the previous period’s inflation rate,
while 1 — ¢,, represents the degree of indexation to the steady-state inflation rate. The real

wage is also subject to an i.i.d. wage markup shock, ¥, ;.?

The equilibrium number of vacancies is determined by the free entry condition, which

states that the expected value of posting a vacancy must equal the fixed cost of doing so.
L= —J, (8)

where ¢ is the vacancy posting cost, M, represents matches, and V; denotes vacancies. The
expected value of a vacancy is given by J; = Z w(s))J=(s;), where pu(s,) represents the mass

of households with productivity level s;.

The number of matches is determined by the following matching function.

(Us + ANy V;

(9)

t:

1/a
{(Ut + AN + Via}

where U; and N, represent the beginning-of-period mass of unemployed and employed house-
holds, respectively.? Exogenous shocks and macroeconomic policies, including monetary pol-
icy, influence the unemployment rate by affecting the value of a vacancy and, consequently,
the number of matches. The degree of wage rigidity and the level of vacancy posting costs

determine how responsive the unemployment rate is to shocks and policies.

3Even though shocks are i.i.d., they have persistent effects due to the sluggish adjustment of the real

wage implied by the adopted wage function.
4In each period, the labor market opens after exogenous separations occur. Transitions between workers

and business owners also take place at the end of the previous period, meaning that the beginning-of-period

mass of employed and unemployed households differs from their levels in the middle of the previous period.



3) Financial institutions

Financial institutions borrow from households at the nominal interest rate set by the central
bank and invest in equity, as in Gertler and Karadi [2011]. The value of financial institution

J, with net worth Nj;, is given by

bIAT. ) — _ . b(n.
PO =, mex BB {1 00N + 6 (Vas)}] (10
s.t.
QtA?tH = th + B?t-i—l ) th+1 = R?+1Qt14?t+1 - Rt+lB?t+1 (11)
Jb(th) > AQtA?tH (12)

where 6, represents the survival rate, Aj; denotes equity holdings, Bj; represents deposits,
Ry is the gross rate of return on equity, and R, is the realized real rate of return on deposits
in period t. The last inequality reflects the constraint financial institutions face due to the
moral hazard problem described in Gertler and Karadi [2011]. Specifically, the value of the
financial institution must exceed the value of a fraction A of its assets. Financial institutions
are also subject to risk premium shocks, W, ;, where a negative shock reduces their valuation

of future returns and consequently decreases equity investment.

As in Gertler and Karadi [2011], financial institutions invest in equity by taking deposits
up to the point where constraint (12) becomes binding, as long as there is an excess return
on equity. Additionally, since the value of a financial institution is proportional to its net

worth NNj;, we have
QG Ajip1 = O Ny, (13)

where ©, is an endogenously determined leverage ratio. Equation (13) implies a financial
accelerator mechanism in the model: a shock to financial institutions’ net worth propagates
through its impact on investment and feeds back into net worth. Due to this feature, risk
premium shocks play a crucial role as a demand shock, leading to substantial fluctuations
in the model. Moreover, since the net worth of exiting institutions, i.e., (1 — 6,) Ny, is
distributed to business owners as financial sector profits, and net worth moves procyclically
with demand shocks, the financial sector makes wealthy households’ income and consumption

strongly procyclical, consistent with existing empirical evidence.’

®See, for instance, Parker and Vissing-Jargensen [2009)].



10

4) Monetary authority

In the model, the monetary authority sets the nominal interest rate according to the following

rule with interest rate smoothing:

_ , . 144 143, \°2[ /7, \ " 1=¢r
141 = 1NN {072t+1} with 1 _i_t;l = ( 1+ 5) {(ﬁ) exp —¢u(ut - U) eXp(ER,t) )

(14)

where egy ~ N (0,0%) represents a monetary policy shock, 0 < pr < 1 indicates the
degree of interest rate smoothing, and it + 1 and it 4+ 1 are the shadow and actual policy
rates, respectively. The parameters ¢, and ¢, determine the responsiveness of the nominal
rate to inflation and the unemployment gap. As shown in Equation (14), the policy rate
is subject to the zero lower bound (ZLB). If the monetary policy rule prescribes a negative

interest rate, the ZLB binds, and the interest rate is set to zero instead.

In addition to conventional interest rate policy, the monetary authority conducts quanti-
tative easing (QE) by issuing bonds and purchasing equity, as outlined in Gertler and Karadi
[2011]. We treat QE policy as an exogenous process, except during periods when the Federal
Funds rate was set to zero in the data used for estimation. During those periods, QE policy
responds to inflation and unemployment dynamics according to a rule detailed in Lee [2024].
Notably, despite following this rule, the assumed QE policy remains only weakly responsive
to economic conditions. As a result, the central bank’s balance sheet primarily evolves due

to exogenous shocks in the model.

5) Numerical method

When the ZLB on the nominal rate is not binding, the model solution is obtained using the
perturbation method of Reiter [2009], extended by Winberry [2018] and Bayer and Luetticke
[2020]. First, the steady state is computed using the endogenous grid method of Carroll
[2006]. The model is then linearized around its steady state for perturbation. To address the
high dimensionality arising from idiosyncratic states (e.g., asset holdings, skill level, work
status), the state space is reduced following Bayer et al. [2019] and Bayer and Luetticke
[2020].

In contrast, when the ZLB becomes binding, we adopt two approaches. For estimation,
we follow the methodology of Kulish et al. [2014] and Jones [2017], which treat the binding
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Table 1: Calibrated parameters

Parameter  Value  Description Reference or targets

B 0.9932  Household’s discount factor Wealthy hand-to-mouth share

L 9.0490 Mean of x dist SS adj. prob. of 6.5%

Oy 3.4205 Scale parameter for x dist Top 10% illiquid asset share

P 20.6%  Prob. of losing business Top 10% liquid asset share
v 0.2380 Fraction of profits given to business owners Gini Net worth
i 0.0253  Borrowing premium Mass of households with zero assets
b 1.3006 Borrowing limit Mass of households with debt
0 1.0050 Inflation target Fed’s target

141 1.0100  SS nominal rate Households’ liquid to illiquid asset ratio

ZLB as a temporary alternative regime with exogenous durations. Specifically, in each
period, the number of periods for which the nominal rate is expected to remain constrained
by the ZLB is specified exogenously. For simulations, we apply the approach of Guerrieri and
Tacoviello [2015], which characterizes the policy rule at the binding ZLB with endogenously

determined durations.®

2.2 Calibration and estimation

For model parametrization, we adopt a two-stage approach. In the first stage, the model’s
steady state is calibrated to match key features of household inequality in micro data as
well as macroeconomic aggregates. In the second stage, parameters governing the model’s
dynamics are estimated using Bayesian methods, leveraging time-series data on aggregate
macro variables. The estimation explicitly accounts for occurrences of the binding ZLB

constraint in the data, following the method described in the previous section.

3-1) Calibration

The model is calibrated to ensure that it matches key moments regarding households’ wealth
distribution and income composition in the micro data. Lee [2024] primarily utilizes data

from the 2007 Survey of Consumer Finances (SCF) for the calibration.”

6
"The main goal of Lee [2024] is to study the distributional consequences of unconventional monetary
policies conducted during the Great Recession and its aftermath. Thus, the paper uses the last survey

results before the Great Recession.



12

To map the model to the data, liquid assets are defined as the sum of checking, savings
and money market deposits, call accounts, certificates of deposits, bonds net of credit card
balances, and other lines of credit. Illiquid assets are defined as the sum of all financial assets
other than liquid assets, plus 40% of net housing wealth, business interest in corporate and
non-corporate business, minus installment loans. Consumer durables, such as vehicles, are

also excluded from illiquid assets.

Income is categorized into three types: labor income, capital income, and transfer in-
come. Labor income includes wages and salaries in the data. Capital income is the sum
of business income and asset income, comprising interest and dividend income and capi-
tal gains. Transfer income encompasses unemployment benefits, social benefits (e.g., food

stamps), and other miscellaneous transfers.

Table 1 presents a set of calibrated parameters and their associated targets in the data.
For a complete list of calibrated parameters, including the calibrated income process, refer
to Lee [2024].%

Table 2: Targeted moments and model fit

Liquid Assets Illiquid Assets

Moments Data  Model Data Model
Top 0.1 percent share 19 10 15 3
Top 1 percent share 45 39 38 19
Top 10 percent share 84 84 74 73
Bottom 50 percent share -4 -3 3 1
Bottom 25 percent share -5 -3 0.2 0
Gini Coefficient 0.97 0.95 0.82 0.85

Data : SCF 2007, Notes : The blue color indicates targeted moments. ,

8The model’s income process includes two additional states, super productive and least productive state,

to improve its alignment with the data.
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Figure 1: Income composition in the data and the model
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3-2) Estimation

To discipline the model dynamics with the data, we estimate the remaining model parameters

using Bayesian methods. The following set of observables is used:
AlogY;, Alog Cy, Alog I, log my, log(1 + i), log ug, Alog wy, log TY  log I, log ACB| | (15)

where Y;, Cy, I, mp, 141y, ug, wy, T?, 11;, and AtCB correspond to 1) output, 2) consumption,
3) investment, 4) the inflation rate, 5) the nominal interest rate, 6), the real wage, 7) the
unemployment rate, 8) lump-sum transfers, 9) corporate profits, and 10) the central bank’s
assets, respectively. The data is primarily sourced from FRED and BEA, covering the first
quarter of 1992 to the last quarter of 2019. The exception is the central bank’s assets, for
which data is available only from 2003 onward. For the exogenous expected ZLB durations,

we use the results from the primary dealer survey of the Federal Reserve Bank of New York.

Table 3 shows the estimated posterior distribution of a set of parameters. The slope
of the Phillips curve is about 0.05 at the posterior mode. Given the relatively flat Phillips
curve, monetary policy is expected to have weaker effects on the inflation rate, while having
stronger effects on real activity. The estimated nominal wage rigidity is also relatively high,
with a posterior mode of about 0.87. The vacancy posting cost is slightly lower than its prior
mode, with a posterior mode of 0.074. Combined with high wage rigidity, the relatively low

vacancy posting cost implies flexible extensive margin adjustment in the labor market. As
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explained in Lee [2024], such flexible adjustment in the unemployment rate contributes to a

procyclical response of profits to demand shocks.

Table 3: Prior and posterior distributions of structural parameters

Prior Posterior
Symbol Description Prior Mean Std Mode 10% 90%
Density
Frictions
K Slope of the Phillips Curve Gamma 0.10 0.02 0.0527 0.0449 0.0759
Pw Nominal wage rigidity Beta 0.50 0.10 0.8686 0.8323 0.8976
L Vacancy posting cost Gamma, 0.10 0.02 0.0742 0.0573 0.0940
PR Interest rate smoothing Beta 0.50 0.20 0.8337 0.8099 0.8564
o Inflation gap response Normal 2.0 0.20 1.8533 1.6891 2.0826
Oy Unemployment gap response Gamma 0.10 0.05 0.3595 0.3255 0.4073

3 The distributional impact of monetary policy, sup-

ply, and demand shocks

In this section we discuss impulse responses that illustrate how both shocks and monetary
policy affect households differently depending on their wealth. The first set of responses is
that to a contractionary monetary policy shock. Monetary policy shocks are not included in
the simulations results described in section 4—when describing how different policy reaction
functions affect the economy it is customary in the literature to exclude deviations from
these reaction functions. Nonetheless, the responses to policy shocks provide a flavor of
how monetary policy impacts households differently depending on their wealth. Moreover,
there is a growing empirical literature studying the distributional impact of monetary policy

shocks, which we can use to assess the model’s realism.

The second set of responses we analyze is that to a prototypical supply shock. This is
a cost push shock, which we model as in increase in the firms’ desired markup. We discuss
the responses under the estimated policy reaction function and under an alternative reaction
function that responds more aggressively to inflation. Finally, the third set of responses we
study is that to a prototypical demand shock—a discount rate shocks. While the model ha

many more shocks, as discussed in the previous section, these two shocks provide a clear
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illustration of how supply and demand shocks, and the monetary policy response to these
shocks, affect households across the wealth distribution in disparate ways. The intuition

developed in this section is key to understand the results of the simulations in section 4.

3.1 Monetary policy shocks

Figure 2: Responses to monetary policy shocks: aggregate variables
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Note: Impulse responses to a one standard deviation contractionary policy shock in terms of percent and percentage point
change up to 20 quarters ahead

Figure 2 shows the responses of aggregate variables to a one standard deviation contrac-
tionary policy shock. The point of the figure is to show that this HANK model features
fairly standard responses for aggregate variables: as interest rates increase by about 35 basis
points on impact, both output and inflation fall, although the response of inflation (6 basis
points) is small relative to the decline in output (almost 70 basis points) highlighting the
fact that the model’s price Phillips curve is rather flat. As economic activity declines, the
labor market worsens, with unemployment increasing by about .6 percentage points and real
wages declining slightly. Profits decline by more than 1 percent.

Figure 3 shows the distributional consequences of the policy shock, shown for households
in the bottom (B10) and top (T10) 10 percent of the wealth distribution, as well as for
the five quintiles (Q1 through Q5) of the wealth distribution. For each quantile of the

wealth distribution, the effect of the policy shock on the household’s welfare is measured in
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Figure 3: The distributional consequences of monetary policy shocks

1
[ Realrate [_] Real wage
[ Profit [ Job finding rate
[ Equity price === Total

0.5

bp

-1.5

-2.5
B10 Q1 Q2 Q3 Q4 Qs T10

Note: Distributional consequences of monetary policy shocks shown for various households across the wealth distribution.
B10/T10 refer to the bottom/top 10% of the distribution and Q1-Q5 refer to quintiles.

consumption equivalent terms. That is, each household belonging to a given quantile of the
(steady state) wealth distribution are asked how much consumption they would be willing
to forgo forever in order to avoid the consequences of the shock. The result is then averaged
across all households belonging to that quantile at date 0.” The black lines measure the total
effect, while the colored bars decompose the total into components due to 1) the increase
in the real rate, and the the decline in 2) labor income/wages, 3) profits, 4) the job finding

rate, and 5) equity prices.

We perform these decompositions as follows. We compute the expected path of each
of the endogenous variables that households take as given (real interest rates, job finding
rates, etc.) following the monetary policy shock. For each household, and each of these
variables (say, real interest rates) we solve the household’s problem in a fictitious economy
where only real interest rates follow this path while all other variables remain at their steady
state values, and households perfectly forsee the path of all aggregate variables. We then

compute the household’s consumption-equivalent welfare in this fictitious economy where

9The fact that all households suffer from an contractionary monetary policy shock does not imply that
systematic expansionary policy would increase welfare. As an analogy, in the standard New Keynesian model,
steady-state output is inefficiently low due to monopolistic distortions, and a one-time expansionary shock
increases welfare; but systematic expansionary policy does not do so (hence the gains from commitment to
a policy rule) [Clarida et al., 1999]. HANK introduces additional reasons, besides monopolistic distortions,

why potential output might be inefficiently low [Acharya et al., 2023].
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only real interest rates are changing, and average welfare across each quintile (etc.) of the
wealth distribution. These welfare effects from the change in real interest rates are shown

by the lavender bars in Figure 3. We do the same for each of the relevant variables.'’

Figure 3 shows that the poorest households suffer the most from the rate hike. This
is because the increase in rates increases their financial burden to the extent that they are
debtors. Poor households’ primary source of income is labor, and the decline in the job
finding rate and the associated increase in unemployment also hurt them. As we move up
the wealth distribution the effect of higher interest rates switches sign: it is close to zero
for households in the middle of the distribution, as they have little wealth, and becomes

' Rich households are not particularly affected by the worse

positive for rich households.
labor market outcomes, but they do derive a substantial fraction of their income from profits,
and hence they are adversely affected by the fall in profits, which in this model are highly

procyclical .!?

The overall impact of the shock as a function of the level of wealth therefore has an
inverted U-shape, with poor and very rich households being affected the most, although
the effect on the bottom 10 percent households is larger than that on the top 10 percent
households. This U-shaped pattern is broadly consistent with the growing empirical lit-
erature on the distributional effect of monetary policy shocks, which generally finds that
contractionary /expansionary shocks disproportionately hurt/benefit low-income households
by increasing their employment, and the very rich, by increasing capital income, and is hard
to replicate in HANK models where profits are not procyclical enough . Using Norwegian
administrative data, Holm et al. [2021] find that contractionary monetary policy shocks de-
crease consumption the most, at 2-5 year horizons, for households in the highest and lowest
levels of the liquid wealth distribution. Using Swedish data, Amberg et al. [2022] find that

108ince we solve the household problem nonlinearly, the colored bars, which measure the welfare effect of
each change in aggregate variables taken in isolation, do not exactly sum to the black line, which measures

the welfare effect of the change in all variables. In practice, though, the difference is very small.
UWealthy households holding equity are hurt by the increase in the discount rate, which leads to a

decline in equity prices (pink bars). Quantitatively the effect is small both because the interest rate shock

is transitory and also because equity is illiquid.
12 Any claim about the exposure of households with different wealth levels to various sources of income

applies to averages within each bin—the exposure of individual households cn be quite different. Also, the
effect of wealth is by no mean “causal’, e.g., poor households may be more exposed to changes in the job
finding rate not because they are poor, but because unemployed households are of courses poorer than

employed ones ceteris paribus.
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expansionary shocks increase income the most for households in the highest and lowest in-

come deciles; this is driven by labor income for the lowest decile, and capital income for the
highest.

3.2 Cost push shocks

Figure 4: Responses to cost push shocks: aggregate variables
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Note: Impulse response functions of aggregate variables to a one standard deviation cost push shock given policy rules with the
estimated (red lines, ¢» = 1.85) or the alternative, stronger (blue lines, ¢ = 3) policy reaction function coefficient on inflation.
Each displays percent (%) or percentage point (pp) change relative to their respective steady state values over 20 periods.

Figure 4 shows the responses of aggregate variables to a one standard deviation cost push
shock. As standard in the New Keynesian literature, we model this shock as an increase
in firms’ desired markup originating from a decline in the substitutability across products.
This fall in competitiveness leads to prices rising. The red lines show the response under
the estimated policy reaction function, with éﬂ = 1.85 and the blue lines show the responses
obtained under an alternative reaction function that responds more aggressively to inflation
(¢, = 3). Focusing on the red lines first, we see that the shock generates a sizable response
of inflation, which rises by almost 90 basis points, a .75 percent decline in output at the
through, and a deterioration in the labor market, with unemployment rising and real wages
falling by 80 basis points two years after the shock and remaining depressed throughout the

forecast horizon. While unemployment rises on impact and for the first two years after the
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shock, it falls below steady state afterwards because real wages are low and firms therefore
find it attractive to post vacancies. Profits decline on impact in spite of the higher desired
markup because of the fall in economic activity, but rebound soon after, however, because
labor costs remain low. As we will see, the disparate path of real wages and profits is key

for understanding the distributional impact of cost push shocks.

Figure 5: The distributional consequences of cost push shocks
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Note: All values displayed are averages across the wealth group described, with groups as previously defined.

Figure 5 shows the distributional consequences of cost push shocks using the same “con-
sumption equivalent” approach as in the previous section. The message from the figure is
clear: most households except for the very rich are worse off following a positive cost push
shock. This loss is due to the fact that real wages fall substantially in the aftermath of the
shock and this hurts families, especially if they are hand-to-mouth. Arguably, this is the “the
hardship that high inflation is causing” often mentioned by Federal Reserve Chair Powell
over the past few years. Very rich people gain from the shock, however. This is because they

accrue all the extra profit that the low cost of labor implies after the first few quarters.

When policy responds more aggressively to inflation (blue lines in Figure 4), inflation
rises less following the cost push shock, but the differences are small due to the very flat
Phillips curve. The output and labor market costs of containing inflation are conversely
large, with output falling by about 50 basis points more than under the baseline rule and

unemployment also rising by about .5 percentage point more.'?

13The ‘Phillips curve slope’ in this model (i.e. the sensitivity of inflation to the unemployment rate)
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Figure 6: The distributional consequences of a stronger policy response to cost push shocks
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Note: Values displayed are differences between the scenario with a more aggresive policy reaction function subtracted from the
baseline scenario with a lower, estimated inflation response.

Figure 6 shows the distributional consequences of a stronger policy response to cost
push shocks, i.e. the difference between the distributional consequences of these shocks
under ¢, = 3 and ¢, = 1.8. Broadly speaking, the impact of a stronger policy response is
very similar to that of a contractionary policy shock shown in Figure 3, and for the same
reasons. If poor households are those that are most negatively affected by the cost push
shock, they are even more negatively affected when the central bank tries to fight inflation
more aggressively. This is because the more aggressive policy implies higher interest rates,
which hurts households that are in debt, and lower wages. Households with some wealth are
not much affected by the more aggressive policy because the lower labor income is partially
offset by higher financial income. Very rich households are also hurt by the more aggressive
response to inflation as this causes a lower stream of profits. Note that the stronger policy
response to inflation provides insurance for very wealthy households because it compensates
for their higher profits following the shock itself. For poorer households however the effect
of higher interest rates compounds the response to the shock. This is one of the reasons
why in Bhandari et al. [2021] the optimal policy response to a cost push shock is to lower

interest rates, so to provide insurance to poorer households for the lower real wages, rather

depends on both the sensitivity of inflation to marginal costs , and the sensitivity of marginal costs to the
unemployment rate. The estimated value of x is not particularly low (0.05) compared to many estimates of
the Phillips curve slope. However, because marginal costs are relatively unresponsive to the unemployment

rate (due to low vacancy posting costs), inflation is still relatively insensitive to the unemployment rate.
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than increase them.

3.3 Demand shocks

Figure 7: Responses to demand (discount rate) shocks: aggregate variables
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Note: Impulse response functions of aggregate variables to a demand (discount rate) shock given policy rules with the estimated
(red lines, ¢r = 1.8) or the alternative, stronger (blue lines, ¢ = 3) policy reaction function coefficient on inflation. Each
displays percent (%) or percentage point (pp) change relative to their respective steady state values over 20 periods.

Figure 4 shows the responses of aggregate variables to a one standard deviation discount
rate shock. As before, the red lines show the response under the estimated policy reaction
function, with qgﬂ = 1.85 and the blue lines show the responses obtained when monetary
policy responds more aggressively to inflation (¢, = 3). A first observation is that there
is virtually no difference between the two lines. This is because the inflation response is
small enough—about 1 basis point—even under the estimated value of ¢, which is close to
2 and therefore implies a substantial reaction to inflation (the standard Taylor coefficient is
1.5). In line with standard results in simple RANK models, the small impact of the shock
on inflation translates into a relatively muted impact on most aggregate variables, such as
output and wages. The unemployment rate increases by only 10 basis points. The impact
on profit however is quite substantial, at least relative to the impact on other aggregate
variables, as profits drop by .25 percent on impact and remain subdued for two years after
the shock. The distributional consequences of discount rate shocks shown in Figure 8 are in

line with this result: most of the brunt of the shock is born by wealthier households because
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of the fall in profits.'* We do not show the distributional impact of a stronger policy response

to demand shocks because the difference is negligible.

Figure 8: The distributional consequences of demand (discount rate) shocks
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Note: All values displayed are averages across the wealth group described, with groups as previously defined.

4 The inflation-volatility tradeoffs across the wealth

distribution

This section argues that the tradeoff between stabilizing inflation and real activity differs

markedly across the wealth distribution. The blue lines in Figure 9 show how inflation

“The impulse responses to a one standard deviation risk premium shock, shown in Figure ???7 of the
appendix , have pretty much the same shape as those of in Figure 4 except that they are about eight times
larger. We chose not to show these impulse responses as prototypical demand shocks because the welfare-
impact of these shocks on wealthier households is mostly driven by their very prolonged effect of financial
profits, which make the present discounted value computations hard to interpret. But the gist of the results
is the same as that for discount rate shocks: demand shocks affect especially profits in the model, and are

therefore disproportionately impact the rich.
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Figure 9: Frontier curves: consumption vs inflation volatility by wealth
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of the wealth distribution, respectively, and the standard deviation of inflation. The curves are obtained by varying the response
to inflation ¢ in the interest feedback rule (14).

volatility and consumption volatility for different quantiles of the wealth distribution change
as we vary the response to inflation ¢, in the Taylor-like interest feedback rule (14). We refer
to these lines as “frontier curves” as they describe the frontier faced by the policymakers
as they decide how strongly they should respond to inflation.'® There is a long tradition of
plotting similar frontier curves showing the tradeoff between variability in aggregate output
and inflation [Taylor, 1979, Fuhrer, 1997, Levin et al., 1999]. The slope of such a curve
describes the cost of reducing inflation volatility, in terms of higher output volatility. In
this paper we are interested in how this cost differs for households at different points in the
distribution. In our model, all households consume the same bundle of goods, and therefore
face the same inflation volatility.'® However, the cost of reducing aggregate inflation volatility
can differ markedly between households as their exposure to wages, unemployment, and so
forth varies with wealth, as discussed in the previous section. We choose to display the
frontier curves in terms of consumption volatility, as opposed to a different variable such as

income, because consumption volatility is a more directly comparable, welfare-relevant way

5Figure Al in the appendix shows that changing the response to unemployment in the reaction function

(14) does not change the shape of the frontier curves with respect to ¢;.
16T his would not be true in richer models which capture the fact that households differ in their consumption

bundles and inflation rates differ across products [Orchard, 2022, Yang, 2023].
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to summarize these costs for different groups of households.”

Inflation and consumption volatility are measured as standard deviations of inflation and
the (log) level of consumption, respectively, both in percent, and they are shown in figure 9
in terms of differences with respect to the standard deviations obtained under the estimated
value of ¢,, which is 1.85. The standard deviations are computed by generating 50k periods
of simulated data from the model, constructed by drawing 168 independent 300-quarter-
long sequences of shocks (75 years, about the length of the post-war period). In each of
these sequences shocks are generated by a mixture: with a probability of 1/20 (every five
years on average) we have either a COVID (we use the estimated shocks from the 2021Q2-
2022Q3 period) or a Great Recession (we use the estimated shocks from 2008Q1-2009Q)2)
episode; otherwise shocks are drawn from their estimated distribution. We use this mixture
to ensure we have both high inflation and ZLB episodes in our simulated sample, allowing us
to evaluate how alternative monetary policy rules would perform both in situations like the
2010s with low demand, and in situations like the early 2020s with recurrent adverse supply
shocks. We are successful with the former, a little bit less with the latter as the fraction
of ZLB episodes is 4.36% under the estimated Taylor-type rule (preliminary results under

simulations where the ZLB is more frequent are very similar to those shown here).

Baseline Taylor

Event Frequency (%)
ZLB 6.3

Inflation > 5% | 15.1

Inflation > 7% | 5.4

Inflation > 10% | 0.2

When policymakers face a tradeoff between stabilizing inflation and stabilizing real
activity—here measured as consumption volatility, as explained above—the frontier plots

are downward sloping: increasing the response to inflation ¢, leads to a decline in inflation

17Consumption volatility is more welfare-relevant than income volatility because welfare depends on con-
sumption, not income. If poor and rich households face the same increase in income volatility, but the
rich use financial markets to smooth consumption while the poor are hand to mouth, welfare will fall more
for the poor. That said, consumption volatility is not a sufficient statistic for welfare. We do not take a
full second-order approximation to welfare as is common in the NK literature, because doing so accurately
would require approximating the model’s dynamics up to second-order (since our model has a distorted

steady state), which is technically challenging in HANK models such as ours [Bhandari et al., 2023].
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volatility but a corresponding increase in consumption volatility (¢, ranges from 1.5 to 4 in
the plots). When there is no tradeoff between stabilizing inflation and real activity—the so-
called “divine coincidence” case—the frontier plots are upward sloping: stabilizing inflation
and real activity go hand-in-hand. Frontier plots tend to be convex, which in the downward
sloping case means that further declines in inflation volatility comes at an increasing cost in

terms of higher consumption volatility.

The main result of this section is that the tradeoffs are very different for the poor (the
bottom ten percent of the wealth distribution), the middle class (the third quintile), and the
rich (the top ten percent). In spite of the fact that these households are subject to exactly
the same shocks, for the poor there is a very large tradeoff: as ¢, rises and inflation volatility
declines, consumption volatility increases substantially (reducing the standard deviation of
inflation). For the middle class there is also a tradeoff, but the changes in volatility are
minuscule relative to the poor, partly reflecting the relative stability in their income. Finally,
for the rich the frontier is fairly flat (note the y axis scale) and upward sloping, at least for
modest values of ¢, below 2.5. As the title of the section states: tradeoffs for the poor, but

divine coincidence for the rich.'®

What are the implications of these findings for policymakers, and for the design of the
monetary policy framework in particular? One implication is that the dual mandate, even
aside from the fact that it has been assigned to the Federal Reserve by Congress, delivers bet-
ter outcomes for most households than a single-minded focus on inflation stabilization (cap-
tured here by a much higher value of ¢,), which would substantially increase consumption
volatility and reduce welfare for the poorest households. This also suggests that definitions
of “full employment” that are subordinate to the inflation goal—e.g., full employment as the
level of employment consistent with target inflation at all times—can result in high volatility
for some households. A second implication is that navigating the tensions between the two
prongs of the dual mandate is a delicate exercise in that it has very different implications

for households with different levels of income and wealth.

18We compute the volatility of consumption of each group (say, the bottom 10 percent of households) as
follows. In our simulation, at each point in time, we compute average consumption among households in the
bottom 10 percent of the wealth distribution, éf 0. We then compute the mean and standard deviation
of log 65 ' as if it was an aggregate variable. These objects are not the same as the mean and standard
deviation of log consumption for those households who are currently among the poorest 10 percent, because

households move through the wealth distribution.
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4.1 Explaining the frontier curves

Figure 10: Standard deviation of consumption by wealth
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distribution, respectively, as a function of ¢, in the baseline economy with all shocks (black lines), a counterfactual economy
with only supply shocks (red lines), and a counterfactual economy with only demand shocks (blue lines).

In order to understand the frontier plots, Figure 10 shows how consumption volatility
varies with ¢,—the response to inflation in the Taylor-type rule (??)—distinguishing between
demand and supply shocks. The black lines show the volatility when the economy is subject
to all shocks. Since the volatility of inflation, as we will show below, naturally declines as
¢, rises, the black lines do not contain any new information relative to the frontier plots:
consumption volatility rises steeply with ¢, for the poor, less steeply for the middle class,
and is U-shaped, but basically flat, for the rich.

The decomposition between supply and demand sheds some light on the rationale behind
these patterns. First of all, for households at any point in the wealth distribution, increasing
¢r always decreases consumption volatility in response to demand shocks—which generate a
“divine coincidence”—and increases consumption volatility in response to supply shocks. A
first key difference among households with different levels of wealth is the relative steepness of
the two lines. For poor households the volatility due to supply shocks (red lines) rises rapidly
with ¢,, much more rapidly than the decline in the volatility due to demand shocks. For
middle income households this is still the case, but less dramatically so. For rich households
instead, at least for low values of ¢,, the volatility due to demand shocks (blue lines) falls

faster than the increase due to supply shocks, leading to a decline in overall volatility.

The second key difference across households is the relative importance of demand ver-
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sus supply shocks for the volatility of their consumption. Under the estimated ¢,, for all
households demand shocks are more important than supply shocks. This is in line with the
fact that arguably most recent recessions have been driven by demand-like shocks, such as
the 2008 financial crisis. But while for middle class and rich households demand shocks are
always clearly more important than supply shocks— across all of the ¢, values we consider—
for poor households, supply shocks are almost as important as demand shocks even under

the estimated value of ¢,.

Figure 11: Standard deviation of aggregate variables
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Note: Standard deviation of aggregate variables as a function of ¢ in the baseline economy with all shocks (black lines), a
counterfactual economy with only supply shocks (red lines), and an economy with only demand shocks (blue lines).

Figure 11 performs a similar decomposition of the volatility of aggregate variables. Infla-
tion is mostly driven by supply shocks (unsurprisingly, given the low estimated slope of our
Phillips curve). Interest rates are instead mostly driven by demand shocks, although supply
shocks become more important as ¢, increases and the central bank reacts more strongly

to (supply shock-driven) fluctuations in inflation.”® The composition of the volatility of ag-

YNote that while supply shocks account for most of the variation in inflation and unemployment, they

move these variables in the same direction, leading to only a muted response of interest rates. Demand
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gregate consumption looks like that of the wealthier part of the population—not surprisingly,

since wealthier households account for most of total consumption.

The decompositions for the variables in the last row of Figure 11 provide some explana-
tion for the differences in the drivers of consumption volatility across the wealth distribution.
For poor people, especially those who are hand to mouth, unemployment and real wages are
the key determinants of consumption. Unemployment is mostly driven by demand shocks
under the estimated ¢,, but as ¢, increases supply shocks rapidly become more important.
Real wages are also mostly driven by supply shocks. Conversely, profits—a key source of
income for wealthy individuals—are mostly driven by demand shocks.?’ Section ?? displays
the impulse responses of aggregate variables to both supply and demand shocks and shows
that when ¢, rises unemployment, wages, and consumption, especially for poorer house-
holds, all become more responsive to supply shocks. Section B.1 shows the frontier curves

for some aggregate variables, such as consumption, output, and unemployment.

4.2 Results with higher Phillips curve slope

As mentioned, the estimated slope of the Phillips curve in the model is quite low (k = .05),
implying that it is costly for monetary policy to stabilize inflation in the face of supply shocks.
This low value of the slope may be an important reason why the consumption of low income
households becomes very volatile as ¢, rises. This section investigates whether a higher slope
of the Phillips curve would change the results. We therefore repeat the simulations using

Kk =.1.2"

The blue lines in Figure 12 are the same frontier curves shown in Figure 9. The red lines

show the frontier curves under k = .1. With a steeper Phillips curve, the same increase in ¢,

shocks move inflation and unemployment in opposite directions, leading to larger fluctuations in interest

rates.
20Tt might appear puzzling that the volatility of wages in a counterfactual economy with only supply shocks

is slightly higher than the volatility with both demand and supply shocks. In a linear model, this would not
be possible since the variance due to all shocks (the square of the black line) equals the sum of the variance
due to supply and demand shocks separately (the squares of the blue and red lines, respectively). This is

not necessarily true in our experiment, since the ZLB makes the model nonlinear.
2IThis is loosely motivated by Blanco et al. [2024], who present a model with a time-varying slope of the

Phillips curve, disciplined by time series data on the average frequency of price changes, and find that s has
fluctuated between a normal value around 0.03 and highs around 0.1 in periods of high inflation (the 1970s
and 2021-22).
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Figure 12: Frontier curves: Baseline vs high PC slope
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Note: Tradeoff between standard deviation of consumption for households in the lowest tenth, third quintile, and top tenth
of the wealth distribution, respectively, and standard deviation of inflation, in the baseline with Phillips curve slope x = 0.05
(blue lines) and an alternative calibration with k = 0.1 (red lines).

elicits a larger fall in inflation volatility (i.e. the red line is ‘stretched out’ relative to the blue
line). But the tradeoffs for the poor and the middle class are no better with a higher x, and
they are worse for the rich in that consumption volatility now increases as inflation volatility
decreases. We should stress that this finding is largely driven by the presence of the ZLB.
When we run simulations without imposing the ZLB, we generally find that a higher x does
improve the tradeoffs for the central bank slightly. Still, our main result is unchanged: the
tradeoffs differ substantially throughout the wealth distribution, and are much worse for the

poor than they are for the middle class or the rich.

5 Conclusions

We use an estimated HANK model [Lee, 2024] to investigate how the tradeoff between stabi-
lizing inflation and consumption volatility change across the wealth distribution. Specifically,
we vary the response to inflation in the central bank’s interest feedback rule and assess the
effects on inflation volatility and consumption volatility by wealth cohort. We find that
stabilizing consumption and inflation go hand in hand for the rich, who are particularly
exposed to demand-driven fluctuations in profits, which are highly procyclical. For the poor,

in contrast, aggressively stabilizing inflation has a severe cost in terms of higher consumption
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volatility. While they dislike inflation because it erodes real wages, they are hurt even more
by an aggressive monetary policy response to supply shocks, which reduce real wages further

while increasing unemployment and real interest rates.

In the paper we study the tradeoffs in the context of a Taylor-type rule—that is, of a
central bank that pursues flexible inflation targeting. Different monetary policy frameworks,
such as price level targeting or flexible inflation targeting, may change the tradeoffs and
shift the frontier curves. We leave it to future research to investigate whether such polices
represent improvements relative to flexible inflation targeting—as we know is the case in
standard RANK models—across the wealth distribution.
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Appendix

Appendix A Additional model details

A.1 Model description

In this section, we provide further details of the model, including equations that describe

the problems of entities not covered in the main body of the paper.

1) Final good firm

The final good is a standard CES aggregator,

nt
ne—1 n—1
[y dj] ,

where Y, is firm j’s intermediate good, and 7, is the time-varying elasticity of substitution.

Y, =

Profit maximization yields individual demand and the associated aggregate price index,

P\ 7™
- (%)
R= [P

where Pj; is good j’s price.

2) Intermediate goods firms

There is a continuum of intermediate good firms that produce differentiated products using
labor and capital rental services in a monopolistically competitive environment. The pro-
duction technology is characterized by a standard Cobb-Douglas production function and
firms set the price for their goods subject to price adjustment costs a 14 Rotemberg [1982].
In a symmetric equilibrium where all firms set the same price, firms’ cost minimization and

optimal pricing decision lead to the following Phillips curve.

L — Lp 11—y 1
log m; — log 7rt317r1 r =, [At7t+1(log Tey1 — logm, 7t P)} + /{(Mct - @) 7
t
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Ul

e —
t, 1, refers to the indexation to the current inflation rate, A; ;41 denotes the firms’ discount

where WP =

represents the price markup shock, m; denotes the inflation rate in period

factor, MC; stands for the real marginal cost, and x represents the slope of the Phillips curve.

3) Capital firm

A representative capital firm determines the capital utilization rate and accumulates capital.

The optimal level of capital utilization is governed by the following first-order condition.
e =0'(v)

where rf represents the capital rental rate, v; denotes the utilization rate, and v(-) represents
the depreciation rate of capital as a function of the utilization rate. For variable depreciation,

the model employs a standard functional form found in Greenwood et al. [1988],
S(v) = v, 01> 1,

where ¢y is the depreciation rate under full utilization and §; governs the degree of acceler-

ation of depreciation.

The optimality condition regarding capital accumulation implies the following equation

describing the capital /equity price dynamics.*

K K \2
qt—\IJkyt{1+¢log t+1+?(10g tH) }_Et

K, 2 K

Kt+2) Ko
A \ lo
tt+1 k,t+1¢( g Kir ) Ko

where ¢; represents equity price, ¢ is the coefficient in capital adjustment costs, and Wy,

denotes the investment technology shock, which follows an AR(1) process.

4) Equity mutual fund

There exists a hypothetical mutual fund that owns all firms in the model, which we refer to
as the equity mutual fund. The roles of the equity mutual fund include collecting profits from
firms, paying out dividends to shareholders, and issuing new equity for capital accumulation.
We assume that the fund operates in a perfectly competitive environment. Thus, there are

no retained earnings, and the fund pays out all profits as dividends. The funds acquired

22In the model, one unit of equity is the claim for the same amount of capital stock.



A-3

through equity issuance are transferred to the capital firm for the purchase of capital. The

period cash-flow constraint of the equity mutual fund is as follows:
(1 =7)1 =) — q(Kipr — Ki) + qi(Apr — Ar) =18 Ar (A.1)

where II; denotes the total profits of all firms, and v represents the share of profits distributed

to business owners.?> The corporate tax rate is denoted by 7. Given that aggregate capital

equals total equity in the model, the price of equity equals the price of new capital, and the

dividend rate is

(1—7)(1— ),
K

: (A.2)

a __
Ty =

that is, the dividend rate equals profits net of taxes and the portion allocated to business

owners, divided by total equity.

5) Money market mutual fund

The model also features another hypothetical mutual fund, referred to as the money market

mutual fund (MMMF), which primarily serves to provide liquidity to the financial sector.**

The fund receives contributions from the government and invests in liquid assets. Using

these contributions, along with proceeds from its investments, the fund makes lump-sum

transfers to households. I also assume that the fund smooths the flow of lump-sum transfers.
(Tm)1=o

e Eq ;ﬁm e ] (A.3)

subject to

T+ Bit, = Cf + (L + 1)) B, (A.4)

Z3We assume that the fund itself is owned by business owners, and thus a fraction of profits is distributed

to them regardless of their equity holdings.
24Gince banks are leveraged investors, there must be a corresponding amount of liquid assets backing their

illiquid asset holdings in the model. If households were the sole providers of funds to banks, the share
of liquid assets in household portfolios would need to be high. However, data from the SCF shows that
households hold only about 10% of their total assets as liquid assets. Additionally, according to Financial
Accounts data (formerly the Flow of Funds), the share of household liquid assets (e.g., checkable and time
deposits, and corporate bonds) in the domestic financial sector’s liabilities—which include deposits, bonds,
open market paper, loans, and other liabilities—has remained around 25% since 2000. Based on these facts,

I assume the presence of a significant non-household liquidity provider, represented by the MMMEF.
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where 7} and B}, denote the fund’s lump-sum transfer and liquid asset holdings, respec-
tively. The MMMFE’s intertemporal elasticity of substitution (IES) is denoted by ¢.>> The
contribution from the government to the fund is denoted by CY. Unlike other entities in the
model, I assume that the fund discounts future lump-sum transfers using its own discount

factor, B,,.%

6) Fiscal authority

The fiscal authority collects taxes and issues bonds to finance government purchases, un-
employment benefits, lump-sum transfers, and contributions to the money market mutual
fund. To ensure price level determinacy, I assume that the fiscal authority controls its debt

according to the following simple autoregressive rule, as in Woodford (1995).

Big-i-l . Rt/ﬂ't X Btg
By \ R/m x B9

PB
) ,0§p3<1, (A5)

where pp € (0, 1) is the pace of debt adjustment.

Since economic agents in the model form rational expectations, the government should

meet the following inter-temporal budget constraint.

00 l
T
Bg:Z{H<§)}{T,—(G1+Tlg+Dl+7}CB+qg)} : (A.6)
>t =t v
where T, G, T?, D, and CY are tax revenues, government purchases, lump-sum transfers (or
taxes) to households, unemployment benefits, and contributions to the MMMF, respectively.
TP = qALE — (g + r)AF® + RB® — BEE is the transfer from (or to) the monetary

authority.

Equation ((A.6)) implies that in each period, the debt level must be equal to the present
discounted value of all future government surpluses. When the real value of government debt
changes, at least one fiscal instrument must adjust to meet the solvency condition. In this

paper, I assume that the fiscal authority adjusts its contribution to the MMMF' to balance

%5In principle, the MMMFE’s IES does not need to equal the household’s IES. However, to simplify notation,

I assume that the MMMF and households share the same IES.
206The steady-state optimality condition of the MMMF requires its discount factor to equal the inverse of

the steady-state real interest rate. However, due to idiosyncratic income risk, the average marginal rate of

substitution (MRS) of business owners does not equal the inverse of the real interest rate in steady state.
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the budget, while government purchases are fixed and lump-sum transfer to households varies

according to the following stochastic process.?’

1
TS = (1 - ng)Y , (A.7)

where ¥Y is a lump-sum transfer shock and Y is the steady state output.

A.2 Numerical method

We provide further detail on the numerical methods employed to address the occasionally
binding constraint on the policy rate, both for estimation and simulations. Formally, when

the nominal rate is not constrained by the ZLB, the linearized model can be written as:
A]Et |:Xt+1j| + BXt + CXt—l + EEt = 07 (Ag)

where X is a vector of endogenous variables, and ¢; is a vector of exogenous shocks in period

t. From this linearized system of difference equations, we obtain a linear solution:
Xt = PXt_l + Q€t. (Ag)

If the ZLB is binding, i.e., the net nominal interest rate is fixed at zero, the model no longer

admits a simple linear solution but can still be linearized around the steady state as:
A/]Et [Xt+1:| + éXt + 6Xt,1 + 5 + EEt = 0. (AlO)

Suppose the ZLB is expected to bind for T" periods starting in period ¢. Then, in period
t+ T + 1, the model economy is expected to revert to the linearized solution obtained from

the model without the ZLB. That is, in the absence of exogenous shocks,

Xt+T+1 - PXt+T- (Al]_)

2TBecause markets are incomplete and households value liquidity, the model is non-Ricardian. Thus, the
fiscal responses matter, especially for the distributional effects of monetary policy. Given that there is only
short-term government debt, the effects of these fiscal responses can be particularly strong, as shown in 7.
However, the assumption that I adopt in this paper dampens the effect of the fiscal response. An increase
in contributions to the MMMF will increase lump-sum transfers from it, but the responses are modest since

I assume that the MMMF smoothes out lump-sum transfer flows.
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At period t + T, we have:
AR, [Xiyr1] + BXypr + CXopry + D = APXyyp + BXyyr + CXopra + D = 0. (A12)
Rearranging this equation, we obtain:
Xiyr = (AP + B) ' Xypr1 — (AP + B) ' D. (A.13)
By iterating this process backward to period t, we derive the following policy rule:
X =P(T)X;-1 4+ J(T) + Q(T)e,. (A.14)

As shown in this expression, the matrices P(T"), J(T'), and Q(T') depend on the expected
ZLB duration T, i.e., the number of periods the policy rate is expected to remain constrained
in the absence of future shocks in period t. For estimation, we assume that these expected
ZLB durations are exogenously given. For simulations, however, we determine the expected
ZLB duration T based on the actual evolution of the model without future shocks. That
is, the realized path of the nominal rate, absent future shocks, should be constrained by the

ZLB for exactly T periods.

A.3 Parametrization

Below, we describe the sources of the data used as observables in the estimation.

1. Output

~ Y,
e Model : Y™ = log < ! )
Yia

e Data: Nominal GDP (FRED, GDP), divided by GDP deflator (FRED, GDPDEF)
and civilian non-institutionalized population (FRED, CNP160V), log-transformed,

first-differenced and de-meaned.

2. Consumption

e Model : C° = log <CCt )

t—1
e Data : The sum of PCE on non-durable goods and services (BEA NIPA Table
2.3.5, item 8 & 13), divided by GDP deflator and civilian non-institutionalized

population, log-transformed, first-differenced and de-meaned.
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3. Investment

. I
e Model : I?™ = log <]—t>

t—1
e Data: The sum of private fixed investment (BEA NIPA Table 5.3.5, all types) and
PCE on durable goods (BEA NIPA Table 2.3.5, item 3), divided by GDP deflator
nd civilian non-institutionalized population, log-transformed, first-differenced and

de-meaned.

4. Inflation rate
e Model : 7 = log <E>
T
e Data : Log difference of GDP Implicit Price Deflator minus 0.5 percentage point
(2 percent inflation target).

5. Interest rate

e Model : i = log (%)

e Data : Effective Federal Funds Rate, divided by 400 to express in quarterly units

minus logarithm of the model’s steady state nominal rate.

6. Real wage

e Model : W™ = log< o >
Wi—1

e Data : Average hourly earnings of production and non-supervisory employees in
total private sector (FRED, AHETPI), divided by GDP deflator, log-transformed,

first-differenced and de-meaned.
7. Unemployment rate
e Model : @™ = log (%)
e Data : Unemployment as the number of unemployed as a percentage of the labor
force (FRED, UNRATE) minus 5.5 percent (steady state value) divided by 100.

8. Lump-sum transfer

g

. T,
e Model : TP = log < . >
T4
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e Data : The sum of government’s current transfer payment (BEA NIPA table
3.2, item 26), capital transfer payments (item 22), net of current transfer re-
ceipts (item 19), capital transfer receipts (item 42), and unemployment benefit
(NIPA underlying table 3.12U, item 7), divided by GDP deflator and civilian non-

institutionalized population, log-transformed, first-differenced and de-meaned.

9. Profits

- II
e Model : TI9" = log (H ! >
t—1

e Data: Corporate profits after tax with inventory valuation adjustment and capital
consumption adjustment (BEA account code: A551RC), divided by GDP deflator,
and civilian non-institutionalized population, log-transformed, first-differenced

and de-meaned.
10. Central bank’s assets

TCB.ob AT
e Model : A, 7" = log (ACB >
2007
e Data : All Federal Bank’s assets (FRED, WALCL), divided by GDP defla-

tor, civilian non-institutionalized population, and its end of 2007 level. Log-

transformed
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B.1 Additional frontier curves

Figure A1l: Frontier curves for different values of the response to unemployment ¢,
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Note: Tradeoff between the standard deviation of consumption for households in the lowest tenth, third quintile, and top tenth
of the wealth distribution, respectively, and the standard deviation of inflation, for different values of the parameter ¢,.

Figure A2: Frontier curves for supply and demand shocks
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Note: Tradeoff between the standard deviation of consumption for households in the lowest tenth, third quintile, and top tenth
of the wealth distribution, respectively, and the standard deviation of inflation, for different values of the parameter ¢,,.
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