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Abstract

We study the role of idiosyncratic income shocks for aggregate fluctuations
within a simple heterogeneous household framework with no binding borrow-
ing constraints. We derive analytically an Euler equation for (log) aggregate
consumption, and show that the impact of idiosyncratic risk on aggregate con-
sumption works through two channels: (i) changes in average consumption
uncertainty and (ii) changes in the cross-sectional dispersion of consumption.
We show that these two channels are related and tend to offset each other.
Their net effect is captured by a sufficient statistic, the consumption-weighted
average of changes in uncertainty. We apply this framework to two exam-
ple economies —an endowment economy and a New Keynesian economy—
and show that the net effect of heterogeneity is quantitatively small. By con-
trast, that effect becomes more significant when considering that borrowing
constraints are binding for a sizable fraction of the population.
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1 Introduction

Most efforts at modeling and understanding aggregate fluctuations over the past
decades have relied on frameworks that assume an infinitely-lived representative
household. While that assumption is obviously unrealistic, its widespread adop-
tion reflects the view that both the finite lifetimes and the pervasive heterogeneity
observed in the real world (in education, wealth, income, etc.) are not important
factors behind aggregate fluctuations, and thus can be safely ignored when seeking
to understand the nature and causes of that phenomenon, as well as its implications
for policy.!

But the dominance of the representative household paradigm in macroeco-
nomics has been challenged in recent years by a number of researchers who have
argued that such an assumption, while convenient on tractability grounds, is less
innocuous than one may think, even when the focus is to understand aggregate
fluctuations and macroeconomic policies. The growing popularity of Heteroge-
neous Agent New Keynesian (HANK) models are a reflection of this emerging
view. HANK models up to date have focused on household heterogeneity and its
implications for aggregate consumption. They commonly assume the presence of
idiosyncratic shocks to households” income, together with the existence of incom-
plete markets and borrowing constraints. Those features are combined with the
kind of nominal rigidities and monetary non-neutralities that are the hallmark of
New Keynesian (henceforth, NK) models. An important focus of that recent litera-
ture has been the role of heterogeneity in the transmission and effects of monetary
policy.”

Rather than developing a richer HANK model that accounts for a broader set
of facts or innovates over existing ones in some dimension, in the present paper we
take a step back and use a basic model of individual and aggregate consumption to
seek to understand the mechanisms through which household heterogeneity may

have an effect on aggregate fluctuations. Our model features idiosyncratic income

For instance, Krussel and Smith (1998) study the role of income and wealth heterogeneity within
a real business cycle model, and find that that the behavior of macroeconomic aggregates can be
almost perfectly described using only the mean of the wealth distribution. See also Heathcote,
Storesletten and Violante (2009), Guvenen (2011) and Krueger, Mitman and Perri (2016) for useful
surveys of this earlier literature.

2See, among others, Auclert (2019), Kaplan, Moll and Violante (2018), Werning (2015), Acharya
and Dogra (2020), Ravn and Sterk (2021) and McKay et al. (2016).



shocks as the only exogenous source of heterogeneity, in an environment where the
only asset available is a riskless one-period bond and where borrowing constraints
are not binding in equilibrium. Thus, and in order to isolate as much as possible the
role of household heterogeneity, we abstract from two ingredients often featured in
heterogenous agents (HA) models, namely: (i) multiple assets (including physical
capital) with different degrees of liquidity and (ii) binding borrowing constraints.

At the core of our analysis is an (approximate) Euler equation for (log) aggregate
consumption which we derive by aggregating the corresponding Euler equations
of individual households. That aggregation is possible given our assumption of
non binding borrowing constraints. We show that the resulting Euler equation in
the HA economy includes two terms that are missing in its representative agent
(RA) counterpart, which tend to have opposite effects on aggregate consumption
dynamics. A first additional term captures variations in individual consumption
uncertainty, averaged across households. Such a term is also present in the RA
economy, but it is of second order relative to aggregate consumption variations and,
hence, usually ignored. A second additional term captures changes in the dispersion
of consumption across households. That term is trivially zero in the RA economy.
We also show that these two channels are indeed related, and their combined effect
can be captured by a cross-sectional consumption-weighted average of uncertainty
changes, which can be viewed as a sufficient statistic for the impact of heterogeneity

on aggregate consumption.

After deriving and discussing the Euler equation for aggregate consumption we
embed that equation into two fully fledged model economies. The first economy is
an endowment economy where households are subject to idiosyncratic and aggre-
gate endowment shocks. In that context, we study the mechanisms through which
heterogeneity influences the response of the (real) interest rate to aggregate en-
dowment shocks. The second economy is described by a baseline New Keynesian
model with households subject to idiosyncratic productivity shocks. Our inter-
est lies in studying the role of heterogeneity in shaping the response of aggregate
output to three aggregate shocks: a monetary policy shock, a preference/discount
factor shock, and a technology shock. The simplicity of the models and the fact
that the presence of idiosyncratic labor income shocks is the only departure from
their RA counterparts allows us to isolate better their role in shaping aggregate

fluctuations.



A central result of our analysis is to show how variations in uncertainty and
dispersion may amplify or dampen the effects of aggregate shocks. In addition,
in the context of the New Keynesian model, we discuss how these factors may
exacerbate or mitigate the so-called forward-guidance puzzle (McKay, Nakamura
and Steinsson (2016)).

We also show that variations in uncertainty and dispersion tend to have opposite
effects on aggregate variables, with the net effect depending on the relative strength
of these two channels. As an example, consider an aggregate shock that leads to a
widespread and persistent increase in consumption uncertainty. That channel, by
itself, would tend to reduce aggregate consumption, due to a precautionary savings
motive. At the same time, to the extent that the largest reduction in consumption
is concentrated among poorer (low-consumption) households, this would tend to
offset the impact of precautionary savings on aggregate consumption (this is the
dispersion channel).

From a quantitative viewpoint, we find that the net effect of these forces is very
small in the two calibrated model economies that we analyze. By contrast, that
impact becomes more significant when we introduce borrowing constraints that

are binding for a non-negligible fraction of households at any point in time.

The rest of the paper is structured as follows. Section 2 reviews the related
literature. Section 3 presents the model and the corresponding Euler Equation for
aggregate consumption. Section 4 and 5 embed the previous framework into an
endowment economy and a New Keynesian economy, respectively, highlighting
the role of consumption uncertainty and dispersion, both from a qualitative and
a quantitative perspective. Section 6 discusses the implications of introducing a

binding borrowing constraint, and Section 7 concludes.

2 Related Literature

This paper belongs to a growing literature that studies the role of heterogeneity in
aggregate economic fluctuations. In that literature, two main features are typically
responsible for the differences in the behavior of aggregate variables relative to a
representative agent economy: (i) uninsurable idiosyncratic income risk and (ii) the
presence of binding borrowing constraints. However, understanding which is the

exact role played by each of these factors remains a largely open question. This is
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what we seek to do in this paper.®

In this respect, our paper contributes to the literature developing tractable frame-
works to isolate the channels through which heterogeneity operates. To that end,
and following the original formulation of Campbell and Mankiw (1989), some stud-
ies in that literature (see e.g., Gali, Lopez-Salido and Valles (2007), Bilbiie (2008) and
Broer et. al. (2020)) have focused on the role of binding constraints, by analyzing
models with two types of agents (unconstrained and hand-to-mouth), but abstract-
ing from the presence of idiosyncratic income risk within each type. Here we do
the opposite, and focus instead on the role of idiosyncratic income risk, showing
how the latter may give rise to amplification/dampening of aggregate shocks, even
in the absence of binding borrowing constraints.

Another branch of this literature (see e.g. Werning (2015), McKay et al. (2016),
Bilbiie (2021), Ravn and Sterk (2021)) has considered economies with idiosyncratic
income risk, but under assumptions that imply a degenerate wealth distribution in
equilibrium.* That literature emphasizes the role played by the cyclicality of income
inequality and liquidity for the propagation of aggregate shocks. We instead leave
the equilibrium wealth distribution unrestricted, and emphasize the role played by
the dynamics of consumption uncertainty for aggregate fluctuations, as well as the
effectiveness of forward-guidance policies.

In related work, Acharya and Dogra (2020) consider an heterogenous house-
hold economy with CARA preferences, and no binding borrowing constraints, and
where heterogeneity operates as a result of cyclical changes in the volatility of in-
come shocks. We instead consider a framework with more standard CRRA prefer-
ences, associated with a non-trivial relationship between individual consumption,
income and wealth. In that context, the dynamics of consumption uncertainty in
response to aggregate shocks play a crucial role for the transmission of the latter,
regardless of whether the volatility of income shocks is constant, or not.

We also show that the impact of heterogeneity can be summarized by a sufficient
statistic, given by the cross-sectional consumption-weighted average of changes in
uncertainty. In this respect, our paper is related to several qualitative and quan-

3An exercise in a similar spirit, but focusing of firms’ heterogeneity and the role of collateral
constraints can be found in Cao and Nie (2017).

4For instance, economies with zero-liquidity, or with no (or limited) wealth inequality among
unconstrained households. See also Challe and Ragot (2011) and Challe, Matheron, Ragot, and
Rubio-Ramirez (2017) for tractable models where the wealth distribution has finite support.



titative studies (see e.g. Auclert (2019), Auclert, Rognlie and Straub (2019) and
Luetticke (2021) and the references therein) emphasizing the role of the cross-
sectional distribution of variables other than consumption uncertainty (like the

marginal propensity to consume, income, portfolio, etc.).

From a quantitative viewpoint, our finding that the net impact of heterogeneity
on aggregate fluctuations is small is similar to that obtained by several authors in
the literature, following Krusell and Smith (1998). In that respect, our contribution

lies in the identification of two opposing forces.

3 Household Heterogeneity and the Euler Equation for Aggregate

Consumption

Throughout we assume a continuum of households indexed by j € [0,1]. Prefer-
ences are common to all households. They include a common discount factor g =
exp{—p} and a marginal utility of consumption given by Z;C;(j) "7, with ¢ > 0,
and where C;(j) denotes household j’s consumption in period t and Z; = exp{z:}
is a preference shock common to all households. We assume {z;} follows a station-
ary AR(1) process z; = 02241 + €.

Our objective in this section is to derive an approximate Euler equation for
aggregate consumption Cy = [ C¢(j)dj. Our starting point is the individual con-

sumption Euler equation

1= BR{EH(Zi11/Zt) (Cra (7)) /Ce(7)) 7} (1)

which is assumed to hold for all households j € [0,1] and for all ¢, where R; =
exp{r:} is the gross yield on a one-period riskless bond held between t and f + 1.

We assume a common ergodic distribution for C¢(j), and hence for ¢;(j) =
log C¢(j).> A second order Taylor expansion of (1) around unconditional means
Act(j) = z; = 0 yields:

cr(j) = Befeea ()} = (= p)+ (1 - p2)zi — Son() @

5See Ma et al. (2020) for a discussion of the conditions (satisfied in the models considered below)
under which that ergodicity property holds.



where v:(j) = Ei{&1(j)?} with &(j) = c:(j) — E;_1{ct(j)}. Note that v;(j) is a
measure of uncertainty regarding one-period ahead individual consumption, with
its (negative) effects on current consumption usually described as a “precautionary

savings” motive.

Due to the presence of potentially “large” idiosyncratic income shocks in the
background, we allow variations in v;(j) to be of the same order as fluctuations
in z¢, r+ and other aggregate variables (henceforth denoted as O(|y|)).® This is
in contrast with the representative household case, for which v; = E;{¢? )~
O(|y|?), justifying its absence from common (approximate) representations of the
consumption Euler equation in the literature.

Taking unconditional expectations:

r:p—?v (3)

where r = E{r;} and v = E{v:(j)}. Thus we see that the interest rate in the
stochastic steady state is decreasing in average consumption uncertainty.

Combining (2) and (3):

cx(j) = Beferna ()} — 7+ (1= p2)a = 55i()) @

where 7; = r; — r and 7;(j) = v4(j) — v are deviations from corresponding steady
state values.

Integrating (4) over j € [0,1] and letting ¢; = [ ¢(j)dj denote average log con-
sumption we obtain:

_ _ 1. 1 o_.
cr ~ E; {Ct+1} — E_I’t + E(l — Pz)zt — E’Ut (5)

where vy = [ v4(j)dj is period t average consumption uncertainty (across house-

holds) and 7; = v; — v is the corresponding deviation from its unconditional mean

®The reliance on a second-order approximation is without loss of generality, and only made for
expositional purposes, as it facilitates the economic interpretation of the terms related to hetero-
geneity. Appendix A contains an equivalent formulation that does not rely on such approximation,
and which is actually used for our quantitative exercises. Also, the assumption of “small" aggre-
gate uncertainty justifies dropping additional terms involving the variance of innovations to z;14
and their covariance with innovations to individual consumption, that would otherwise be part of
the second order Taylor expansion of (1).



(over time).

At any point in time, (log) aggregate consumption ¢; = log [ Ci(j)dj will differ
from average log consumption ¢; due to Jensen’s inequality. Let x; = ¢; —¢; > 0 de-
note the gap between the two variables. The size of that gap depends on the cross-
sectional distribution of consumption, which is endogenous and time-varying. In
a neighborhood of the symmetric allocation the following approximation holds
x¢ ~ % [(ci(j) — c)*dj, so we can think of x; as capturing the cross-sectional dis-
persion of consumption at each point in time.” Henceforth we allow variations in
x¢ to be O(|y|), i.e. the same order as aggregate variables and shocks, so that they
cannot be ignored in our analysis. Now we can finally write the Euler equation for

(log) aggregate consumption as:

1. 1 ..
ct ~Ei{ct11} — St ;(1 — 02)zt —50t = E: {Ax¢11}. (6)
RA ;rlrodel HA co?nr})onent

Under the assumption that lim7_,e E¢ {c;+7} = ¢ and imr_ oo E¢ {x¢17} = x

we can iterate (6) forward to obtain:

N 1& N 1 0 o .
6= —= Y Ei{fiad+o2 —5 3B {Bue} +x 7)
= 7 k=0 )
RA ;nrodel HA cor‘nrponent

Note that in the particular case of a representative household (i.e. the RA
model) we have x; = 0 (no cross-sectional dispersion) and v; = lEt{(;‘tZH} ~ 0
(“small” aggregate uncertainty). In that case (6) reduces to the familiar Euler equa-
tion, with aggregate consumption fluctuations being determined by (current or
expected) changes in the interest rate r; and preference shocks z; (the first two
terms in (7))

In contrast, in the presence of idiosyncratic income shocks and incomplete mar-

kets, heterogeneity impacts aggregate consumption through two additional chan-
nels, summarized by the HA component in eq. (7): (i) current and anticipated

"The derivation is straightforward. Using the definition of aggregate consumption: 1 =

J(€)/Cdj = [exple(f) — et == [ (1+(c() =) + §(c(j) = c)?) dj. Letting & =

[ ci(j)dj and rearranging terms gives ¢; ~ ¢ — 5 [(ci(j) — c;)?dj. The previous approximation

is meant to facilitate interpretation, but is not used in the solution of the models considered below.



fluctuations in average consumption uncertainty, captured by movements in vy,
and (ii) variations in consumption dispersion, captured by movements in x;. In
particular, we see that an increase in average uncertainty v;, current or anticipated,
tends to lower current consumption. This is the precautionary savings channel which,
together with current and anticipated changes in the real interest and the prefer-
ence shock, determines average log consumption ¢;. On the other hand, a higher
consumption dispersion x; is associated with a higher log aggregate consumption

ct, given average log consumption ¢;. We refer to this effect as the dispersion channel.

Our main goal is to understand how the presence of heterogeneity affects the
response of aggregate consumption to an aggregate shock. With that purpose in
mind let us define

o N
o' =—2 Y B Ok} + xe
2>

which is the deviation between (log) aggregate consumption and its counterpart in
the RA model, conditional on the same path for the real rate. Henceforth we refer to c/?
as the consumption heterogeneity factor. The dynamic response of {cfl } to a period
t aggregate shock, ¢;, is thus given by:

[0c} /9e] = —g Y (001 sk /Oet] + [0x41/ O] (8)
=0

for k =0,1,2,..., i.e. heterogeneity affects the response of aggregate consumption
to a an aggregate shock through the effect of the latter on average consumption un-
certainty and consumption dispersion, for any given response of the real rate. Next
we show that the two components of that response, uncertainty and dispersion, are
closely related, with a likely dominant role for the response of average uncertainty.
In addition we derive a sufficient statistic for the impact of heterogeneity on the
response of aggregate consumption to an aggregate shock.

3.1 The Relationship between Dispersion and Uncertainty

To lay the ground for our derivation below, note that one can combine (4) and (5)
to yield the following difference equation for ¢;(j) = c:(j) — ¢, the deviation of



individual log consumption from its average counterpart:

~ ~ . o__ .

c(j) = Belci1 (7)) — 50:())
where 7¢(j) = v:(j) — v¢. Under our ergodicity assumption , limy_,e E¢{Ct17(j)} =
0, thus we can iterate forward the previous equation to yield:

() =~ 1 B )} ©)

i.e. deviations of individual (log) consumption from the mean differentials are in-
versely related to current and anticipated differentials in consumption uncertainty.
Note that both real interest rates and preference shocks are absent from (9), since
they affect all households identically.

Using the approximation x; ~ 3 [(c;(j) — ¢;)dj we can derive an expression for

the impact of the dispersion channel on aggregate consumption:

(Oxe 4/ dei] = / Cor(f) 198 4(j) /3e1] dj

= 2 Crak(J Zavt+k+h )/ 0] dj (10)

where the second equality follows from (9) and the fact that [ ¢;¢(j)dj = 0. Thus,
we see that the dispersion channel will amplify or dampen the impact of the pre-
cautionary savings channel depending on the correlation between the cumulative
change in individual uncertainty with relative consumption. If that correlation
is negative the dispersion channel will tend to offset the precautionary savings
channel, capturing the fact that the latter will likely have a larger impact on low
consumption households, thus limiting its aggregate effect.

Combining (8) and (10) we obtain

o (o] 0]
[acik/aﬁt] = 75 Z[avt+k+h/a€t] Crak(J Z (001 1 k41 (]) / Oet] dj
h=0
o = .
= 73 (1+ k(7)) Z[avt+k+h(])/a€t] d
h=0
C = . .
ekl $° (30,1 4()/2e4] d]. 1)

2 Ct+k h=0



The previous expression shows that the impact of heterogeneity on the re-
sponse of aggregate consumption to an aggregate shock is inversely related to a
consumption-weighted average of the cumulative increase in individual consump-
tion uncertainty. Thus, we can think of tha latter as a sufficient statistic for the im-
pact of heterogeneity on aggregate consumption fluctuations. Intuitively, a given
percent change in the consumption of an individual household (as determined by
Y 01001 k+n(j) /0gt]) will have a larger (smaller) effect on aggregate consumption
the higher (lower) is the relative consumption of that household. Note that if the
sign of Y52 [0014 k44 (j)/9¢;] is the same for all (or most) j, the sign of [ocf, /de/]
will correspond to that of }_;” ({00} k.1, /9], implying that the precautionary sav-
ings effect will likely dominate the dispersion effect.® This is the case in all the
simulations of calibrated example economies reported and discussed below. Also,
in those examples the net effect is generally small, so that the aggregate responses
to shocks are similar to those obtained in the corresponding model with a repre-

sentative agent.

Equation (11) clarifies that if individual consumption uncertainty remains un-
changed in response to an aggregate shock, i.e. Y ;7 ,[0v;, 5 /0] = 0 Vj € [0,1],
then heterogeneity will have no impact on the behavior of aggregate consumption.

To fix ideas, it is useful to consider two examples where uncertainty is not
affected by aggregate shocks. A first example is an economy where (log) individ-
ual consumption is a linear function of income (or cash on hand). In that case, the
sensitivity of consumption to idiosyncratic shocks would be constant, and indepen-
dent from aggregate shocks.” In this case, the response of aggregate consumption
to aggregate shocks would be the same as in the corresponding RA economy.

A second example is an economy with zero-liquidity, which as mentioned in
Section 2 is a limiting case often considered in the literature. In that case, since
there is no borrowing or saving in equilibrium, individual consumption must co-
incide with individual income, in all periods. As a consequence, aggregate shocks
have no effect on the households’” ability to insure against (future) idiosyncratic

80verturning that result would require that wealthy households experience a change in uncer-
tainty sufficiently large and of a sign different from the change in average uncertainty. The presence
of wealthy hand-to-mouth households, as in Kaplan and Violante (2014), constitutes a potential
source of that phenomenon.

9This would be the case, for instance, under with linear-quadratic preferences, assuming a con-
stant real interest rate. More generally, individual uncertainty is related to the coefficient of “pru-
dence", see Kimball (1990).
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shocks, so that the sufficient statistic in eq. (11) equals zero. The only remaining
channel through which heterogeneity operates in that economy would be due to
the presence of constrained households, and the associated risk that currently un-
constrained households may become constrained at a future date —a channel that

have purposefully ignored in our analysis.

3.2 A Brief Detour: Understanding Variations in Consumption

Uncertainty

The discussion above has made clear the importance of variations in consumption
uncertainty, current and anticipated, in shaping aggregate fluctuations in economies
with household heterogeneity. In the present section we try to dig further in order

to understand the sources of those variations.
We assume the existence of a consumption function for household j be given

by:
ct(j) = C(st(j), St) (12)

where s:(j) is a vector of household-specific state variables and S; is a vector of
aggregate state variables. The state variables contain all the information available at
time t regarding the distribution of household-specific and economy-wide variables
(wages, interest rates, etc) whose current and future values are relevant for today’s
consumption decision. The existence and properties of a consumption function like
(12) can be established under standard assumptions.

Let 14(j) and &; be the vectors containing respectively i.i.d. idiosyncratic and
aggregate shocks (i.e. mutually orthogonal innovations in the individual and ag-
gregate exogenous driving variables). We can write the innovation in household j’s

consumption in period t as follows:

&) = ali) — B {a()}
= fliu(j) &) (13)

where ft]_l() is a function satisfying f{_l(0,0) = 0. In what follows, and in order
to keep the algebra simple, we assume v4(j) and ¢; are scalars. See Appendix B for

a generalization.

Under our assumptions, and using (13), we can approximate individual uncer-
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tainty v;(j) in period t as

u(j) = E{&()?}
~ i(j)*07 + @i(j) %07

where ¥ (j) = afZ(O, 0)/0vi41(j), and @¢(j) = afZ(O,O)/astH are the “local elastici-
ties” of individual consumption with respect to idiosyncratic and aggregate shocks,
while 02 = E{v(j)?} for all j € [0,1] and ¢? = E{e?} are, respectively, the vari-
ances of those shocks. Aggregating across households

o= [ ()i + 02 [ g

As shown in appendix B (for the general case with multiple shocks) the term
o2 [ ¢:(j)*dj ~ O(|y|?) if we are willing to impose bounds on the extent of hetero-
geneity in the elasticity ¢;(j). Accordingly, we can write:

v = 05/¢t(f)2df
= 02 (§; + var{yi(j)}) (14)

where ¥, = [¢:(j)dj and vari{y:(j)} = [(:(j) — §,)*dj are the cross-sectional
mean and variance of individual consumption elasticities with respect to the idiosyn-
cratic shock.

Note that both statistics will generally vary in response to aggregate shocks, as
a result of the latter’s impact on state variables. Below, we study the response of
v, and the factors behind it i, and var;{:(j) } to different aggregate shocks in the
context of two calibrated model economies.

Throughout our analysis, we maintain the assumption that the variance of id-
iosyncratic income shocks (02) is constant over time —i.e. the idiosyncratic income
risk is acyclical. In principle, cyclical income risk could be another channel through
which heterogeneity affects aggregate consumption. In related work, Acharya and
Dogra (2020) consider a model with heterogeneous households under CARA pref-
erences and no binding borrowing limit, and show that in that case the innovation
in (the level of) consumption is a linear function of the idiosyncratic income shock,

with a small coefficient of proportionality (approximatively equal to r/(1 + 1)),
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which is constant across households (i.e. the cross-sectional variance of the elas-
ticity of consumption equals zero). In that setting, heterogeneity mainly operates
through the cyclicality of income risk, which is however found to have a small
quantitative impact on the behavior of aggregate variables. These findings can be
rationalized through the lens of our analysis. Indeed, consider the particular case
where the mean elasticity of consumption ¢, = r/(1 +r) is small —say of order
O(ly|) for plausible settings of r— and its cross-sectional variance var;{:(j)} = 0.
From eq. (14), average uncertainty is given by v; = (75@%, which means that changes
in v; are likely to be small (i.e. of order O(|y|?) or smaller), regardless of whether
the variance of idiosyncratic income shocks ¢, is constant, or it fluctuates over

time. 1Y

4 The Role of Heterogeneity in an Endowment Economy

Consider an endowment economy populated by a continuum of households, in-
dexed by j € [0,1], with identical preferences given by Eg Y5>, B'U(Ct(j)), with
U(C) = S where G (j) is period t consumption of the single good by house-

1-0

hold j. The household’s period budget constraint is given by:

Ce(j) + B(j) < B—1(j)Re—1 + Yeexp{n: (j) }

for t = 0,1,2..., where B;(j) represents holdings of one-period bonds, which yield
a gross riskless real return R;. The endowment, Y;exp{#: (j)}, has two compo-
nents: an aggregate component Y;, which is common to all households, and fol-
lows an AR(1) process (in logs) with autocorrelation p, € [0,1); and an idiosyn-
cratic component 7; (j), which follows a stationary K-state Markov process with
1t (j) € (71, .. yk], with 171 < 12 < ... < 5k, and where fol exp{7: (j) }dj = 1. Note
that by setting #; (j) = 0 for all j € [0,1] and for all ¢, together with a uniform initial
condition B_1(j) = 0 for all j € [0,1], the previous model collapses to one with a
representative household.

We impose a borrowing constraint of the form

Bi(j) = B (15)

19See also Bayer et. al. (2019) and Ravn and Sterk (2020), among others, for examples of heteroge-
nous household economies with cyclical idiosyncratic risk.

13



for all t. For most of the analysis below, we set B = —Y exp{#1}/r, which consti-
tutes the “natural debt limit," given a constant aggregate output and interest rate
at their the steady state values (Y, ). The desire to avoid zero consumption (given
that lim._,o U, = +o0) guarantees that B:(j) > B for all t when aggregate output
and the interest rate are at their steady state levels. Given sufficiently small fluc-
tuations in the previous two variables, the fraction of constrained households in

equilibrium can be made arbitrarily close to zero.!!

In equilibrium, the bonds and goods markets must clear, which implies |, 01 B:(j)dj =
0 and fol Ct(j)dj = Yi. We can use the Euler equation for (log) aggregate consump-

tion (6) to derive an expression for the equilibrium real interest rate:

2
~ 0=
ry = —0'(1 — py)yf —?Ut — O'IEt {Axt+1}. (16)
N —— — 7

(&

RA model HA component

The first term in (16) is the equilibrium real rate in the corresponding RA econ-
omy, and captures the well known effect on the interest rate of the desire to smooth
consumption in the face of short-run output fluctuations. The impact of hetero-
geneity on the interest rate is captured by the remaining two terms. On the one
hand, an increase in average consumption uncertainty (9;) tends to increase the de-
mand for precautionary savings, leading to a reduction in the equilibrium interest
rate. On the other hand, an increase in E; {Ax;;1} occurs whenever the change
in (log) average consumption is smaller than the change in aggregate (log) con-
sumption —which is exogenous in this setting. This effect would tend to lower the
equilibrium interest rate, relatively to a representative agent economy. To see why
this is the case, consider the effects of a temporary increase (decrease) in aggregate
endowment, so that households anticipate a decline (increase) in their future con-
sumption. An increase in E; {Ax;;1} means that, on average, households expect a
larger decline (smaller increase) in their (log) consumption, relative to the the de-
cline (increase) in (log) aggregate consumption. The associated increase (or smaller

decline) in the demand for savings leads to a lower equilibrium interest rate.

In summary, equation (16) implies that the role of heterogeneity for the response
of the real interest rate to an aggregate endowment shock is a function of the

"n our simulations, the fraction of constrained consumer is negligible (below 0.1 percent) both
in steady state, and in response to aggregate shocks.
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Table 1: Calibration of the Endowment Economy

Parameter Meaning Value
Model parameters
o Coefficient of Risk Aversion 1
7 Steady State Interest Rate (annualized) 0.02
Py Autocorr. of agg. endowment shocks 0.9
Oy Autocorr. of idiosyncratic earnings ~ 0.966
oy Std. dev. of idiosyncratic earnings 0.5
Discretization
ny Points in Markov Chain for 7 11
Ny Points in Markov Chain for Asssets 500

response of average uncertainty and dispersion to that shock. Next we turn to a
quantitative assessment of the impact of an aggregate endowment shock on the
real interest rate in a calibrated version of the above economy.

4.1 Calibration and Solution Method

The baseline calibration of our endowment economy is summarized in Table 1.
Each period is assumed to correspond to a quarter. We set the coefficient of risk
aversion ¢ = 1, which corresponds to log utility. We set the discount factor g =
0.9937, which implies an equilibrium steady-state real risk-free rate of 2 percent (in
annual terms).

Regarding the idiosyncratic endowment shock, we assume that it follows an
AR(1) process ¢ (j) = py#i-1 (j) + ve(j), where v4(j) ~ N(0,04/1 — p7). Following
Auclert et. al. (2020), we set p, = 0.966 and 0; = 0.5. This AR(1) process is
then discretized into an 11 state Markov process according to the Rouwenhorst
approach.'? Finally, we set the autoregressive coefficient in the AR(1) process for
the (log) aggregate endowment to p, = 0.9.

Regarding the numerical solution method, we build a grid for individual assets
of 500 points, equally distanced (in logs) between the lower bound (the natural debt

12As a robustness check, Online Appendix A considers an alternative income process which
combines a transitory and persistent component, and is a discrete-time (quarterly) version of the
continous-time process in Kaplan, Moll and Violante (2018).
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limit) and an upper bound set to 300 times quarterly income. For given values of
the real interest rate and aggregate income, we solve for the households” policy
functions using the endogenous gridpoints method described in Carroll (2006),
which are then used to calculate the implied equilibrium asset distribution. We
solve for the steady state iterating on the value of the discount factor § so that
the stationary assets distribution implied by the households” choices satisfies the

market clearing condition [ B¢(j)dj = 0.

For the transition dynamics, we adopt the sequence-state Jacobian approach
described in Auclert et. al. (2020). This amounts to find the first-order approxi-
mation of the equilibrium responses to arbitrary sequences of anticipated shocks
to the aggregate endowment (i.e. under perfect foresight) over a finite horizon
(set to T = 300 quarters). Due to certainty equivalence, the resulting dynamics
are equivalent to the ones that would be obtained solving the linearized rational
expectations model, e.g. as in Reiter (2009) and Ahn et. al. (2018)."® Also, by
construction, the approximate responses to positive and negative aggregate shocks
are fully symmetric, and proportional to the size of the shocks.

Most importantly, the assumption of perfect-foresight (or certainty equivalence)
of aggregate shocks implies that idiosyncratic shocks are the only source of indi-
vidual (and aggregate) uncertainty. As shown above, such uncertainty is a key
determinant of the role of heterogeneity for aggregate consumption. In all our
numerical exercises, in order to accurately capture the quantitative role of hetero-
geneity and its components, we do not rely on the second-order approximation
to vy and x; described in section 1, but instead on the the exact representation
contained in Appendix A.

4.2 Findings

We focus our discussion on the dynamic response of the real interest rate to an
aggregate endowment shock. Figure 1 shows the responses of the real interest
rate and (log) aggregate endowment to a 1 percent positive shock in the latter
variable. The response of the real interest rate (left panel) is plotted for both our
baseline model with heterogeneity (red line with circles) and for the corresponding

13See also Boppart, Krusell and Mitman (2018) for a related perfect-foresight sequence-based
approach.
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Figure 1: The Effects of an Aggregate Endowment Shock
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a positive aggregate endowment shock (right panel) in in a model with heterogeneity
(red line with circles) and without heterogeneity (blue line with crosses).

representative agent model (blue line with crosses). As it can be seen in the Figure,
the two impulse responses are close to each other (at most 5 basis points in annual
terms), thus suggesting that heterogeneity has a minor impact on the response of
the real rate to an aggregate shock.

The role of heterogeneity is further investigated in Figure 2 through the lenses of
our theoretical analysis —see eq. (22). The black line on the top panel displays the
gap between the real rate responses shown in Figure 1. That evolution of that gap
is the sum of two components, namely;, —§d0t+k (orange line) and —o(dx; i1 —
dx;, k) (green line), respectively associated to the responses of average uncertainty
and consumption dispersion.

Note that the overall effect of heterogeneity is positive, i.e. it dampens the
decline in the interest rate, but quantitatively small. More interestingly, the figure
shows that there are two distinct forces operating in opposite directions. On the one
hand, the increase in aggregate output leads to a reduction in average individual
uncertainty v; (bottom-left panel), which lowers the demand for savings and tends

to increase the interest rate. On the other hand, the same shock causes consumption
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Figure 2: Heterogeneity in an Endowment Economy
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figures are annualized.
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dispersion x; to decline on impact (bottom-right panel), after which it is expected
to increase. The latter effect leads to a reduction in average individual consumption
growth, for any given growth rate of aggregate consumption, which has a negative
effect on the equilibrium interest rate. From a qualitative viewpoint, the effect of
uncertainty dominates the effects of dispersion. From a quantitative viewpoint the
impact of each of these two forces separately is similar to the overall change in the
interest rate —which is about 35 basis points on impact. When considered jointly,

however, their impact is an order of magnitude smaller.'*

As mentioned in section 3.2, the behavior of average consumption uncertainty
is related to the distribution of the elasticity of consumption with respect to the
idiosyncratic shock. The bottom-right panel in Figure 2 shows that the decline in
average consumption uncertainty discussed earlier is associated with a decline in
both the cross-sectional mean ¥, and in the cross-sectional variance varj{(;(j)} of
the consumption elasticity —with the decline in the variance being quantitatively

more relevant.

The reason behind the decline in the cross-sectional mean and variance of the
elasticity of consumption can be understood looking at Figure 3, which shows
the steady state relationship between (log) consumption and the the elasticity of
consumption ;(j).!> As it can be seen, there is a negative relationship between
these two variables, since households with higher consumption have more buffer
to absorb unexpected changes in income, and thus their consumption is less sen-
sitive to idiosyncratic shocks. This explains why an increase in aggregate income,
which in and of itself causes an increase in consumption for most households,
leads to a decline in ¢,, the mean elasticity of consumption. At the same time,
the figure shows that the relationship between consumption and the elasticity of
consumption is convex. Intuitively, the elasticity of consumption varies substan-
tially as households get closer to their natural debt limit, but it is roughly constant
(and small) for households with high income and wealth, who behave almost as

permanent-income consumers. This explains why an increase in income also leads

4This result is consistent with earlier findings in the asset pricing literature, see e.g. Heaton and
Lucas (1996) and Marcet and Singleton (1999), showing that household heterogeneity and market
incompleteness have small effects on the volatility of returns.

15More precisely, the figure displays the range of elasticities @;(j) as well as the corresponding
median for each value of consumption. The existence of a range is due to the fact that, a given level
consumption could be associated with different combinations of the two individual state variables,
namely wealth and idiosyncratic shocks.
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Figure 3: Elasticity of Consumption in Steady State
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to a reduction in var;{y:(j)}-.

The relationship between the consumption elasticity ;(j) and consumption can
also account for the initial reduction in consumption dispersion in response to
the positive endowmment shock, since low-consumption households will on aver-
age increase their consumption more than proportionally than high-consumption
households.

5 The Role of Heterogeneity in a New Keynesian Economy

We analyze an economy populated by a continuum of households, indexed by
j € [0,1], with identical preferences given by Eq Y5>, B'U(C:(j), Ni(j); Zt). The

term C(j) = (fol Cf(i,j)l_%di> “lisa consumption aggregator. C;(i,j) denoting
the quantity of good i consumed. N;(j) denotes work hours. Z; = exp{z;} is an

exogenous preference shifter, common to all households. We assume U(C,N; Z) =

cl-o_1 N1te
( T-c 1+g0>Z'

Optimal allocation of expenditures requires that C; (i,j) = (P (i) /Pr) °Ct(j),

1
where P; (i) is the price of good i and P; = <f01 P (i) di) " is the aggregate price
index. This in turn implies that total expenditures are given by fol Py (i) G (i, j)di =
PCt(j). The household’s period budget constraint can thus be written as follows:

Ce(j) + Bt(j) < Bi—1(j)Re + WiNi(j) exp{n: () } + Dt (j)

where B;(j) denotes holdings of real bonds (fully indexed to inflation) yielding a
riskless real return Ry, W; is the real wage (per efficiency unit), D;(j) are real divi-
dends, and #; () is an idiosyncratic productivity shifter which follows a stationary
K-state Markov process identical to the one assumed in the previous section.'®
Firms’ shares are assumed to be nontradable and to be held in equal amounts by
all households. As a result dividends are distributed uniformly to all households,
i.e. D¢(j) = D;. As in the endowment economy analyzed in the previous section
we assume that the borrowing constraint is not binding in equilibrium, so that an

Euler equation like (1) holds for all households at all times.

16The assumption of a riskless real bond implies that we are abstracting from the redistributive
effects due to inflation (Fisher’s debt deflation channel). Changes in the real interest rate, however,
still have differential effects on households, depending on their individual net wealth positions.
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The supply side of the economy is kept as simple as possible, so that it is not
affected by the presence of household heterogeneity. This allows us to focus on
the impact of the latter on aggregate demand (which coincides with aggregate
consumption in our simple model), in the spirit of Werning (2015). In particular,

we assume a wage schedule
Wi = M,CINY (17)

where C; = fol C¢(j)dj denotes average consumption and where M, > 1is a
constant (gross) average wage markup. We implicitly assume Wiexp{#n: (j)} >

Ci(j)°N:(j)? for all j € [0,1] and all £, so that all households are willing to supply
the work hours demanded by firms at a wage W; (per efficiency unit).

On the production side, we assume a continuum of firms, indexed by i € [0, 1].
Each firm produces a differentiated good with the linear technology

Yi(i) = ANi(i) (18)

where A; = exp{a;} is an exogenous technology parameter common to all firms.

Each firm sets the price of its good optimally each period, subject to a quadratic

. 2
adjustment cost %Pth ( Pigl()i) — 1) where ¢ > 0, and a sequence of demand con-
straints Y; (i) = (P (i) /P:)~€Y:, where Y; denotes aggregate output. Profit max-
imization, combined with the symmetric equilibrium conditions P (i) = P; and

Y: (i) = Y; for all i € [0, 1], implies:

I (IT; — 1) = {At,H—l (%) g (T — 1)} + % (Wt (i‘t 0 _ /\11;,)

(19)
where IT; = P;/P;_; is (gross) price inflation rate and M, = €/(e —1) > 1is
the desired (or flexible price) price markup. The term T denotes a proportional
labor subsidy, which is set to eliminate all the steady-state distortions due to mo-
nopolistic power in the goods and labor markets, and is financed with lump-sum
taxes on firms.!” Aggregate profits are then given by D; = Y;AP(I1;) — W;N; where
AP(IT) =1— (£/2) (I, — 1)

Combining eqs. (17)-(19), and taking a first-order approximation around the

7Formally, the subsidy is chosen such that MP M® (1 — 1) = 1.
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zero-inflation steady state gives the well-know New Keynesian Phillips curve

mt; = BE{ 141} + K7 (20)

where ¥ = (0 + ¢) (€ — 1)/, and where §; = y; — y}' denotes the output gap, which
is the difference between (log) output y; and its natural (i.e. flexible price) counter-
part y} = a; (1+ @) / (0 + ¢). Note that the latter is independent from monetary

policy and, most importantly, it is also unaffected by heterogeneity factors.'®

Regarding monetary policy, we assume the central bank controls directly the
real interest rate, i.e. that 7; follows an exogenous AR(1) process 7; = p,7—1 + €',
where E/{e}", ;} = 0. This specification allows us to isolate the (direct) effects of
heterogeneity on aggregate demand, abstracting from the potential (indirect) effects
due to the differential behavior of aggregate variables, which in turn may lead to a

differential endogenous monetary policy response.

In the symmetric equilibrium Y;(i) = Y; and C(i) = C; for all i € [0,1]. Thus,
market clearing in the goods market requires

Cr = Y, AP(ITy) 1)

Market clearing in the bonds markets implies that fol B:(j)dj = 0 for all t. Fi-
nally, aggregate employment is given by N; = fol Ni(i)di = Y;/As, which is as-
sumed to be allocated uniformly across households, i.e. NV;(j) = N; forall j € [0,1].

Up to a first-order approximation and in a neighborhood of the zero inflation
steady state (21) can be written as

Ct =Yt

Combining the previous condition with Euler equation for aggregate consump-
tion derived in section 2, we obtain a version of the dynamic IS equation:

1. 1 o _.
e =Be{yen} — —7t + (;(1 —p2)2t — 50t — Br {Axpi1}

18Note also that the steady state output is given by y = 0.
9In Online Appendix B, we also consider a case where the central bank follows a Taylor-type
rule for the real interest rate, and show that our main conclusions remain unaltered.
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Iterating forward the previous condition and imposing imr_,e E¢ {yi17} = ¥
and limr_, [E; {x;17} = x we obtain the following expression for (log) aggregate

output
N 1& . 1 0 & . .
Vr=—=Y EB{frx}t+-2 —5 ) E{04} + X (22)
7 =0 v 220
RA ;:odel HA co;nrponent

The first two terms in the previous expression correspond to equilibrium output
in the RA version of the New Keynesian model. The second two terms reflect
instead the impact of heterogeneity on equilibrium output, which is decreasing in
current and anticipated average uncertainty —through its effects on precautionary
savings— and increasing in the degree of current dispersion —since the higher is
the dispersion, the higher must be the (log of) aggregate consumption associated

with any given value of average (log) consumption.

Thus, the impact of heterogeneity on the response of aggregate output to a
generic aggregate shock works through the effect of the latter on (i) current and
anticipated average consumption uncertainty, which influences the response of av-
erage (log) consumption and on (ii) the cross-sectional consumption dispersion,
which determines (log) aggregate consumption for any given average (log) con-

sumption.

For illustrative purposes, let’s consider the effects of an exogenous change in

the real interest rate, and assume that interest rates and uncertainty are positively

90114 (j)
Otk

considering that a reduction (increase) in interest rates tends to improve (worsen)

correlated, i.e. > 0 for all (or most) j. Such an assumption can be justified
the individual ability to insure against idiosyncratic shocks —and in fact this is

what happens in our quantitative examples.

Under that assumption, Eq. (22) implies that if the uncertainty channel (i)
is the dominant factor, heterogeneity would amplify the effects of interest rate
shocks. Otherwise, if the dispersion channel (ii) dominates the effects of interest
rate changes would be dampened. As we argued in Section 3.1, we expect the
uncertainty channel to be the dominant one in most applications.

Several studies in the literature have argued that the presence of household
heterogeneity and idiosyncratic income risk may provide an explanation for the
so-called forward-guidance puzzle, and namely that typical RA models tend to

overestimate the effects of changes in future interest rates on current output. In
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this respect, Eq. (22) highlights that the puzzle could be exacerbated or mitigated,
depending on whether the uncertainty or the dispersion channel dominate.

Indeed, it follows from equation (11) that the effect of heterogeneity for the

impact of a “forward guidance” shock at a generic period t + k is given by

ot _ac! _ o G 00an())

orsik oo 2 C = ory ik

The previous expression implies that, under the maintained assumption that
90441 (f)
Tk
forward-guidance puzzle is exacerbated. Otherwise, but more unlikely, if the dis-

> 0, the effects of forward guidance shocks are amplified, and thus the

persion channel dominates, heterogeneity dampens the effects of forward-guidance
shocks, and the puzzle is mitigated. A related point is made by Bilbiie (2021), who
derives an analogous result in a two-agent economy with no idiosyncratic income

shocks and with binding borrowing constraints for the subset of hand-to-mouth
households.

5.1 Calibration

We set B = 0.9937 and ¢ = 1 as in the endowment economy analyzed above, and
consider the same calibration for the idiosyncratic shock #;(j). In addition, we set
the (inverse) Frisch elasticity of substitution to unity (¢ = 1).?° Also, we set the
elasticity of substitution among good varieties € = 11, which implies an average
price markup of about 10 percent and the price adjustment cost parameter ¢ so
that the resulting slope of the Phillips Curve is ¥ = 0.10, in line with available
estimates. Regarding the persistence of aggregate shocks, we assume that p, = 0.9
and p, = p, = 0.5. We adopt the same numerical solution method described in
Section 4.1.

20This calibration, together with the assumption of a steady state subsidy that corrects the dis-
tortions due to households” and firms” monopolistic power, implies that in steady state aggregate
labor income WN = 1, and thus the steady state of the model is identical to the one considered for
the endowment economy.
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5.2 Findings

We now turn the attention to our baseline New Keynesian economy, and analyze
how heterogeneity affects the response of aggregate variables to three exogenous
shocks: monetary policy, preferences and technology. We discuss each in turn.

Figure 4 illustrates the response of aggregate variables to a 25 basis point ex-
pansionary monetary shock, which leads to a 100 basis point reduction in the (an-
nualized) real interest rate. The figure compares the responses in a model with het-
erogeneity (red line with circles) with their representative agent counterparts (blue
line with crosses). Regarding the response of output (top-left panel), the presence
of heterogeneity tends to amplify the aggregate effects of a monetary shock. The
effects are stronger on impact, and more persistent. However, from a quantitative
viewpoint, the magnitude of this amplification seems relatively small —less that
0.05 percentage points at all horizons. The high persistence of the gap between
the two output responses, combined with the extreme forward-lookingness of the
model’s Phillips curve, implies a slightly larger response of inflation in the model
with heterogeneity (top-right panel).

Figure 5 analyzes the mechanisms behind the larger response of output in the
presence of heterogeneity through the lens of the dynamic IS equation (22) derived
above. The top panel shows the differential impulse response (black line) and its
components, associated with changes in uncertainty (orange line) and dispersion
(green line). An expansionary monetary shock leads to a persistent reduction in
average uncertainty (bottom-right panel) which, other things equal, leads to an in-
crease in current consumption, thus amplifying the original effects of the shock. At
the same time, the monetary expansion causes a decline in current consumption
dispersion (bottom-left panel), implying a smaller response of (log) aggregate con-
sumption for any given change in average (log) consumption. Like in the endow-
ment economy, and even though the total effect is small, each of the two opposing
forces has a non-negligible size, of the same order of magnitude as aggregate out-
put fluctuations. Thus, even though the net impact of heterogeneity is very small,

it appears to affects the transmission mechanism in a significant way.?!

The intuition behind these results can be summarized as follows: the increase
in overall income and wealth accruing to most households leads to a reduction in

2IKaplan, Moll and Violante (2018) reach a similar conclusion, though focusing on the relative
weight of direct vs. indirect effects, and in a model where liquidity constraints play a key role.
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Figure 4: The Effects of a Monetary Policy Shock in a NK Economy
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Figure 5: The Role of Heterogeneity in a NK Economy (Monetary Shock)
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Figure 6: The Effects of a Preference Shock in a NK Economy
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the mean and variance of the consumption elasticity, and hence an endogenous
reduction in uncertainty, boosting the response of individual consumption (the
uncertainty channel). That increase is proportionally larger for low consumption
households, implying a response of aggregate consumption smaller (in percent
terms) than that of average individual consumption, thus dampening the effects of
the shock on aggregate demand and output (the dispersion channel).

Figure 6 displays the impulse responses to a positive preference shock. Note
again the negligible difference difference in the response of output (and inflation)
to that shock across the two environments (with and without heterogeneity). Inter-
estingly, a look at the differential impulse response in Figure 7 points to a dampen-
ing effect of heterogeneity, resulting from an increase in average uncertainty, which
raises precautionary savings and more than offsets the amplifying effects of the
increase in dispersion. That pattern is the opposite from the one observed in re-
sponse to an (equally expansionary) monetary policy shocks. The explanation for
such a difference is that the preference shock raises the consumption elasticity for
all levels of consumption, as illustrated in Figures 8. As a result, both the mean
and variance of that elasticity increase, despite the increase in consumption due to

the expansion.

Finally, Figures 9 and 10 show the dynamic responses to a positive technology
shock. Again the difference between the models with and without heterogeneity in
terms of the responses of output and inflation is quantitatively negligible, with the
impact of the decrease in both uncertainty and dispersion largely offsetting each

other in a way similar to the case of a monetary policy shock.

6 The Role of Binding Borrowing Constraints

The quantitative analysis of the previous two sections has pointed to a very small
impact of heterogeneity on the aggregate effects of different aggregate shocks. One
may wonder to what extent the previous result is driven by our assumption of no
binding borrowing constraints. In the present section we complement our quan-
titative analysis by studying what is the differential effect of introducing binding
borrowing constraints. To that end, we determine the responses of aggregate vari-
ables to aggregate shocks, in versions of our economy where the borrowing limit B
is tightened so that in steady state the constraint is binding for a fraction A = 20%
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Figure 7: The Role of Heterogeneity in a NK Economy (Preference Shock)
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Notes: The figure shows the effect of heterogeneity on the response of aggregate out-
put to a 0.25 percent preference shock. The top panel shows the total effect (black
line) and the components due to uncertainty —% Y 2° (Et{0; 4} (orange line) and dis-
persion X; (green line). The bottom-left panel shows the response of dispersion X,
and the bottom-right panel shows the response of uncertainty 7; (orange line), to-
gether with the responses of the variance of the elasticity (red dashed line) and of the
squared mean elasticity (purple dash-dotted line).
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Figure 8: Preference Shocks and the Elasticity of Consumption

Elasticity of Consumption

0.6 -
—mIEAN
1st quartile
2nd quartile
I 3rd quartile
0.5 4th quartile
0.4 -
i}
8
2}
>
ks
8 0.3
2
IS
2
=
L 02
8
>
[}
k]
X
0.1
O | -
0.1 I I I I I I I I I |
0 2 4 6 8 10 12 14 16 18 20

quarters

Notes: The figure shows the respone of the elasticity of consumption to idiosyncratic
shocks by consumption quartile, as well as for the cross-sectional mean.
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Figure 9: The Effects of a Technology Shock in a NK Economy
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Notes: The figure shows the response of output, (annualized) inflation and (annual-
ized) real interest rate to a 1 percent technology shock, in a model with heterogeneity
(red line with circles) and without heterogeneity (blue line with crosses).
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Figure 10: The Role of Heterogeneity in a NK Economy (Technology Shock)
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sion X; (green line). The bottom-left panel shows the response of dispersion ¥;, and
the bottom-right panel shows the response of uncertainty ; (orange line), together
with the responses of the variance of the elasticity (red dashed line) and of the squared
mean elasticity (purple dash-dotted line).
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percent of households.

For brevity, we focus our analysis on the New Keynesian economy, and study
the impact of heterogeneity in response to monetary, preference and technology
shocks. Results are summarized in Figure 11 which compares the response of out-
put to aggregate shocks in heterogeneous household economies with and without
binding borrowing constraints, as well as in a RA economy. The key message from
this exercise is that the presence of a borrowing limit that is occasionally binding
for a fraction of households boosts significantly the role played by heterogeneity
in shaping the response of output to aggregate shocks. In particular, the presence
of a binding borrowing constraint leads to an amplification of the effects of mone-
tary shocks (Panel (a)) and technology shocks (Panel (b)).?> This follows from the
presence of a substantial fraction of the population with a high elasticity of con-
sumption out of income shocks —when the fraction of constrained households is
increased from 0 to 20 percent, the average elasticity increases from 0.29 to 0.66,
which correspond to an increase in the marginal propensity to consume from 0.013
to 0.25.

Instead, in the case of preference shocks (Panel (b)), the presence of a binding
borrowing constraint has the opposite effect, and dampens the response of output
—from 0.5 to 0.4 percentage points. Intuitively, this is because constrained house-
holds, whose consumption profile does not obey a consumption Euler equation, are
not affected by a shock to intertemporal preferences. This implies a more muted
response of aggregate consumption, relatively to an economy where all households

are unconstrained, or to a RA economy.

7 Concluding Remarks

The objective of the present paper was to study the role of idiosyncratic income
shocks for aggregate fluctuations within a simple heterogeneous household frame-
work with no binding borrowing constraints. We derive analytically an Euler equa-
tion for (log) aggregate consumption, which helps us shed some light on the dif-

ferential behavior of such an economy relative to its RA counterpart.

22The reason why the effects are stronger for technology shocks than for monetary shocks is
related to our assumption of uniform distribution of firms” dividends, and the fact that profits are
procyclical in response to technology shocks, and countercyclical in response to monetary shocks.
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Figure 11: The Role of a Binding Constraint in a NK Economy
Panel (a): Response of Output to a Monetary Shock
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Notes: The figure plots the response of output in a heterogeneous household econ-
omy with binding constraints for a share A = 20% of the population (green line with
squares), with no binding constraints (red line with circles) and in an economy without
heterogeneity (blue line w*4ith crosses), Panel (a) refers to a 25 basis point monetary
shock, Panel (b) to a 25 percent preference shock and Panel (c) to a 1 percent technol-
ogy shock.
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We uncover two channels through which household heterogeneity has an im-
pact on aggregate outcomes: (i) changes in average consumption uncertainty and
(ii) changes in the cross-sectional dispersion of consumption. Both channels point
to the key role of uncertainty dynamics in understanding the impact of hetero-
geneity. In particular, differences with RA outcomes are captured by a sufficient
statistic, the consumption-weighted average of changes in uncertainty. We further
show that individual consumption uncertainty is tightly linked to the elasticity of

consumption with respect to idiosyncratic income shocks.

We conduct a quantitative analysis in the context of two full-fledged calibrated
economies subject to aggregate shocks: an endowment economy and a New Key-
nesian economy. Our quantitative analysis shows small effects of heterogeneity,
largely as a consequence of the mutually offsetting effects of the two channels
mentioned above.

When binding borrowing constraints are introduced, affecting an empirically
plausible fraction of households, the impact of heterogeneity is boosted signifi-
cantly. The latter finding, combined with the near-irrelevance of other dimensions
of heterogeneity, suggests that two-agent models of the sort used in the TANK
literature may provide a reasonable approximation to the aggregate properties of

richer HA models, an avenue we pursue in a companion paper (Debortoli and Gali
(2018)).%
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Appendices

A An Euler Equation for Aggregate Consumption: Alternative

Representation

Consider an economy where the following Euler equation holds for all households
jelo1]
ZiC(j) ™7 = BRIEH{ Zi11Crsa ()7} (A.D)

where C;(j) is individual consumption and R; = exp{r:} is the gross yield on a one-
period riskless bond and Z; = exp z; is an aggregate preference shock following a
stationary AR(1) process z; = pzz;—1 + €5+
Defining ¢; = log C;(j), multiplying and dividing the RHS of (A.1) by exp{E; [z:+1 — 0ct+1(j)]},
and taking logs of the resulting expression yields

() = Blerna ()} = S(n—p)+ 2(1—pJzi——alj)  (A2)
where p = —log  and
0r(j) = log{Erexp [(zi+1 — Eizi41) — 0 (e (f) — Ererya ()]} (A.3)

Notice that, in the case of perfect foresight about z;1 and c;11(j), eq. (A.3)
implies that v(j) = 0. Thus, v:(j) can be interpreted as capturing the effects of
individual uncertainty, as a consequence of aggregate or idiosyncratic shocks. This
is consistent with what obtained in the main text (see eq. 2), where we relied on a
second order approximation, under the assumption of “small” aggregate shocks, so
that the term v;(j) would be (approximately) only a function of to the conditional

variance of consumption “surprises” ;11 = 441 — E¢cy1.

Intergrating eq. (A.1) across all households gives

1 1 1
¢t = E{Cri1} — ;(Vt —p)+ ;(1 —02)zt — pid (A4)

where ¢; = f ct(j)dj and vy = f v¢(j)dj denote, respectively, the cross-sectional
average (log) consumption and uncertainty at a given point in time f.

Finally, defining the gap between (log) aggregate consumption and average (log)
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consumption x; = ¢; — ¢;. As explained in the main text, such a gap is due to
Jensen’s inequality, and can then be interpreted as a proxy for the effects of disper-

sion of individual consumption aroung the cross-sectional mean.

Using the definition of x; into (A.5) we obtain an Euler equation for aggregate

consumption as
1 1 1
Ct = IEt{CH—l} — E(rt — p) + 5(1 — Pz)zt — Evt — IE,gAxtH. (AS)

The latter expression, which is analogous to eq. (6) in the main text, highlights
that the effects of household heterogeneity are captured by the terms associated
with uncertainty (v;) and dispersion (x;).

B Variations in Uncertainty (v;): The General Case

Let the consumption function for household j be given by:

ce(j) = c*(st(j), St)

where s;(j) is a vector of household-specific state and S; is a vector of aggregate
states. The latter contains all the information available at time ¢ regarding the
distribution of aggregate variables (wages, interest rates, etc) whose current and
future values are relevant for today’s consumption decision.

We can thus approximate the innovation in household j’s consumption in period
t as follows:

10 ct(j) — Er1{ct(j)}

= fr1() (), el

where 7;(j) and ¢; are vectors containing respectively the idiosyncratic and ag-
gregate shocks (i.e. mutually orthogonal innovations in the individual and ag-

gregate exogenous driving variables), and where f;_1(j)[-] is a function satisfying
fia([0,0] = 0.

Under our assumptions, individual uncertainty v;(j) in period t can thus be
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approximated as

v (j) = Ee{&1()*}
= () Qe () + 9:(j) Qer(j) + O(ly[?)

where [;_1(j), r—1(j)'] = W is the Jacobian of f;_1(j) evaluated at 0, with

Qp = E{n:(j)n:(j)'} forall j € [0,1] and Q. = E{e;€}} being the (diagonal) matrices
containing the variance of the exogenous shocks on their diagonals. We can think
of P;_1(j) and ¢;_1(j) as the “local” elasticities of individual consumption with

respect to those shocks.

Aggregating across households
o = [ 9+ [ 91) Qi)+ O(lyl?)

Next we show that [ ¢:(j)'Qepi(j)dj ~ O(|y?) if we are willing to impose
bounds on the extent of heterogeneity in ¢;(j). Note that we can write

/Q’t Qepi(f)dj = §0t e(Pt+/ ¢:(j @t)'Qg(got(j)—@)dj
where 9, = f(pt(j)d]

Furthermore, note that the innovation to average log consumption, &, can be

written as

Accordingly,
Ei{i1} =~ ]Et{</¢t(]')/’7t(f)dj+¢§€t) }
> 910,

Our assumption ]Et{gil} ~ O(|x¢|?) thus implies §}Q:@; ~ O(]xt|2) Thus, if
we assume [ (g1(7) — )/ Oc(@1() — 9)dj ~ O1x:?) it follows that [ ¢s(7)/Qequ()dj ~
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O(|xt|2) and

vy /th Qe (f)
= P00+ / ¥i(j) —%)’ﬂmvf(j)—%)dj

which varies with the mean and dispersion of the individual elasticities of con-
sumption with respect to the idiosyncratic shock. Both statistics will in turn change
over time in response to changes in the distribution of wealth. In the simple en-
dowment economy considered below,

o =[P+ vari{p:(j)}]oy
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Online Appendices

A Robustness: Idiosyncratic Income Shocks

In this section, we study the role of heterogeneity in the New Keynesian economy
described in Section 5, but considering an alternative process for the idiosyncratic
income shocks 7;(i). In particular, we consider a discrete-time quarterly version
of the continous-time process used in Kaplan, Moll and Violante (2018), which is
the sum of two independent components #;(i) = #1+(i) + #72,+(i). Both compo-
nents evolve according to a “jump-drift” process, where jumps arrive at a Poisson
rate A; = 0.080 and A, = 0.007 and where, conditionally on a jump, innovations
are drawn from a normal distribution with mean zero and standard deviations
o1 = 1.74 and 0, = 1.53. Between jumps, the processes drift toward zero at rates
B1 = 0.0761 and B, = 0.009, respectively. The two continous-time components
are discretized with 3 grid points for #; (transitory component) and 11 points for
12 (persistent component) — see Section 4.2.2 and Appendix D in Kaplan, Moll,
Violante (2018) for more details.

We calculate the corresponding Markov transition matrix at a quarterly fre-
quency. The resulting discretized process gives rise to a leptokurtic distribution of
income changes, as shown in Figure A.1. In particular, the values of the kurtosis
are 14.8 for annual income changes, and 12.6 for 5-year changes, which are close
to the empirical counterparts using data U.S. male earnings as in Guvenen et. al.
(2015). We then recalibrate the discount factor to f = 0.982 so that the steady state
real interest rate equal 2 percent per year, as in our baseline case.

Figure A.2 shows that the response of output to a monetary shock in this econ-
omy (green line with diamonds) is remarkably close to the response obtained in
our baseline calibration (red line with circles), and in turn similar its counterpart
in a representative agent economy (blue line with crosses). A similar result is ob-
tained in response to other shocks (results are omitted for brevity, and available

from the authors upon request).



Figure A.1: Distribution of (Log) Income Shocks in the Alternative Calibration
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Notes: The figure shows the distribution of (log) earning changes at annual frequency
(left panel) and at a 5yr frequency (right panel). In each panel, the histograms corre-
spond to the distribution resulting from the (discretized) process with a transitory and
apersistent component, while the solid line indicates the normal distribution with the

same mean and variance.

B Robustness: Monetary Policy Rule

In this appendix, we study the role of heterogeneity in the New Keynesian economy
described in Section 5, assuming that the central bank follows a Taylor-type rule
for the real interest rate 7; = ¢, 71 + m, where m; is a monetary shock, which is
assumed to follow an AR(1) process, with auto-correlation coefficient p,, = 0.5. We
set the coefficient ¢, = 0.5, in line with the original estimates of Taylor (1999).

Figures B.3-B.5 report the response of aggregate variables to, respectively, mon-

etary shocks, preference shocks and technology shocks.

In response to all these shocks, and analogously to what shown in Figures 4, 6
and 9 in the main text, the responses of aggregate variables in an heterogeneous
agent economy (red lines with circles) are similar to those obtained in the corre-

sponding model with a representative agent (blue line with crosses).



Figure A.2: The Effects of Monetary Shocks with Different Idiosyncratic Risk
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Notes: The figure shows the response of output, (annualized) inflation and (annual-
ized) real interest rate to a 25 basis points expansionary monetary shock. The figure
compares the responses in a model without heterogeneity (blue line with crosses), in
the baseline heterogeneous household model with AR(1) idiosyncratic income shocks
(red line with circles), and in a model with idiosyncratic shocks with a transitory
and a persistent component as in Kaplan, Moll and Violante (2018) (green line with
diamonds).



Figure B.3: The Effects of a Monetary Shock (Monetary Rule)
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Notes: The figure shows the response of output, (annualized) inflation and (annual-

ized) real interest rate to a 25 basis point monetary shock, in a model with heterogene-
ity (red line with circles) and without heterogeneity (blue line with crosses).



Figure B.4: The Effects of a Preference Shock (Monetary Rule)
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Notes: The figure shows the response of output, (annualized) inflation

and (annualized) real interest rate to a 0.25 percent preference shock, in a

model with heterogeneity (red line with circles) and without heterogene-
ity (blue line with crosses).



Figure B.5: The Effects of a Technology Shock (Monetary Rule)
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Notes: The figure shows the response of output, (annualized) inflation

and (annualized) real interest rate to a 1 percent technology shock, in a

model with heterogeneity (red line with circles) and without heterogene-
ity (blue line with crosses).
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