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1 Introduction

In recent years, the macroeconomic literature has established various lines of enquiry
on the connection between incomplete markets and household heterogeneity, with the
aim of understanding both the aggregate and the distributive outcomes of shocks to the
economy (Coibion et al., 2017; Kaplan et al., 2018; Kogan et al., 2020, among others). Con-
currently, a certain interest has emerged in developing analytically tractable models that
can capture the salient features of heterogeneous-agent (HA) economies (see, e.g., Bilbiie,
2018, 2020; Ravn and Sterk, 2021). That said, much of our understanding of the trasmis-
sion of monetary policy—and most of the analytical literature employing HA New Key-
nesian (HANK) models is no exception—comes from one-sector economies where only
nondurable goods are available for consumption. Yet, it is well known that large part
of consumption fluctuations reflect movements in the durable component (both at the
household and at the aggregate level; see Attanasio, 1999; Stock and Watson, 1999). More-
over, consumer spending on durables is far more sensitive to changes in the interest rate

than is expenditure on nondurables and services (Mankiw, 1985).

This paper examines the role of consumer durables for monetary transmission. To this
end, we devise different tractable HA economies with sticky prices where households
may infrequently participate in financial markets. The common trait of these economies
is that, conditional on their holdings of liquid financial assets, households may feature
durables, along with nondurables, in their consumption baskets. A well-established
property of representative-agent New Keynesian (RANK) economies involving consump-
tion goods subject to slow depreciation is to preserve a quasi-constant shadow value
(along with their stock), in the face of temporary shocks (Barsky et al., 2007). In light
of this, the shadow value of income for an agent that buys durables mirrors changes in
the price of the latter relative to that of nondurables. When transposing this logic to HA
settings, an endogenous risk-sharing condition obtains among all consumers who may buy
durables. We show this to be the case both in a two-agent New Keynesian (TANK) set-
ting where limited participation to the financial market applies deterministically—so that
households are inviariantly sorted into savers and hand-to-mouth (HtM) consumers—
and in a setting characterized by idiosyncratic uncertainty, where consumers may switch
between the two financial states: we refer to the latter as the 2-state HANK model. Even

if HtM households do not access a saving technology—at least from time to time—they



can still smooth their nondurable consumption profile through durable purchases. In
light of this, following a monetary shock both savers” and HtM households” nondurable
consumption levels remain at the (symmetric) steady state—when the relative price of
durables does not vary—or display analogous deviations from the steady state—net of a
factor that depends on agent-specific curvature of nondurable utility—when sectors ex-
hibit asymmetric price stickiness (and, thus, the relative price changes). In this second
scenario, it is possible to derive an Euler equation for aggregate nondurable consump-
tion where the elasticity of (expected) aggregate consumption growth to the real rate of
interest depends on the share of HtM households, as well as on both households” degree
of relative risk aversion. This factor loading indexes the so-called HtM channel in our

2-agent/state economies with asymmetric price stickiness across sectors.

A key theme of Bilbiie (2018) is that monetary policy transmission is shaped by fiscal
redistribution of monopoly profits from savers to HtM consumers. A major departure of
our TANK economy from this one-sector benchmark is that fiscal redistribution is neu-
tral to both household-specific and sectoral nondurable consumption, regardless of how
sectoral price stickiness is calibrated.! In fact, only preference heterogeneity may activate
the HtM channel, in a setting where purchases of long-lived durables are available to
any agent. This is because durables insulate HtM households’ nondurable consumption
from changes in sectoral profits that occur when demand (and, thus, real wages) vary, for
whatever reason, and in either sector. Relatedly, due to household-specific durable ex-
penditure adjusting in fulfillment of the risk-sharing condition, transfers are also neutral
to the sectoral demand of durables, while being purely redistributive at the household
level.

These properties necessarily survive when we move from the TANK to the 2-state
HANK model, thus complementing the HtM channel with a self-insurance channel emerg-
ing from the interaction between aggregate and idiosyncratic uncertainty, in the vein of
Bilbiie (2018, 2020). A notable feature of the aggregate nondurable Euler in the 2-state
HANK model, as compared with its TANK counterpart, is that discounting (compound-
ing) of news about future expenditure may arise when sectors exhibit asymmetric price
stickiness; but, again, only to the extent that HtM households are more (less) risk averse

than savers. In fact, even if they acknowledge that in some states of the world they might

!In Bilbiie (2018), instead, fiscal transfers invariantly reduce constrained agents’ income elasticity to
aggregate income, dampening the effects of shocks and policies.



find themselves financially constrained, households are still able to access durable goods
as a saving device, so that only preference heterogeneity modulates self insurance. This
tinding challenges the conventional emphasis on the interplay between idiosyncratic un-
certainty and HtM behavior as a key driver of aggregate nondurable consumption (Bilbiie,
2008), especially in connection with the self-insurance channel, which is regarded as a
powerful intertemporal propagator of the HtM channel. Seen in this perspective, the
ability to buy durable goods, along with their role as a store of value, brings the 2-state
HANK model closer to a setting with complete markets (to the extent that preference
heterogeneity is considered of second-order importance).

In light of these properties, we introduce a third class of households that are limited in
the access to both financial markets and durables—a category that we label pure HtM—
assuming they may switch to/from a third state embodying these restrictions. Within this
setting, we retrieve two core properties: i) first, fiscal redistribution becomes non-neutral
with respect to both durable and nondurable sectoral production; ii) second, based on
i) we observe that durables flip the behavior of the conditional volatility of GDP with
respect to fiscal resistribution, relative to a comparable one-sector economy where GDP
only accounts for the production of nondurables.? In our setting, regardless of the relative
degree of sectoral price stickiness, fiscal transfers amplifies the conditional volatility of
GDP, while the opposite holds true in a one-sector model a la Bilbiie (2018). Thus, not
only do durables prove to be crucial in that they induce higher aggregate volatility—even
if produced by a relatively small sector in the economy—but also the way they affect
monetary transmission, both in the aggregate and at the household level, may bear very

important implications about the interaction with fiscal policy.

Related literature This work relates to a broad literature employing saver-spender mod-
els to investigate the transmission of monetary policy (see Campbell and Mankiw, 1989;
Mankiw and Zeldes, 1991) and fiscal policy (see Gali et al., 2007). Inspired by this tradi-
tion, Bilbiie (2008) devises a one-sector TANK model where profits and their redistribu-
tion through fiscal policy take center stage. While building up on this, our settings rep-
resent non-trivial two-sector extensions, where the propagation of monetary policy may

change profoundly.

2All the model variations we consider feature sticky prices. However, contemplating nominal wage
stickiness—and, thus, opening up to the possibility of modulating the cyclicality of firm profits—does not
affect this baseline principle.



In this respect, we relate to Barsky et al. (2007) and other contributions employing
RANK models with durables to investigate the transmission of monetary policy (e.g.
Erceg and Levin, 2006; Monacelli, 2009; Sudo, 2012; Tsai, 2016; Petrella et al., 2019) in
that we report how profit redistribution and other structural characteristics interact with
sectoral price stickiness, and may ultimately affect monetary transmission as observed in

RA economies.

On the HANK front, Bilbiie (2018, 2020) surveys both the analytical and the quantita-
tive literature. As for the first strand—which, to the best of our knowledge, has not ex-
amined the role of consumer durables for monetary transmission—he traces out the main
differences between his framework, which emphasizes the role of cyclical inequality in
HANK, and other contributions featuring cyclical income risk.®> Thus, we refer to his sur-
vey for a detailed mapping of the available contributions. As for the second strand of the
literature, our paper closely relates to McKay and Wieland (2022), who show how embed-
ding durables into an otherwise standard HANK economy is key to attenuating the for-
ward guidance puzzle due to higher interest rate sensitivity of the demand for durables.
Furthermore, in a companion paper we devise a calibrated two-sector setting featuring
durable and nondurable production, showing how indirect (general-equilibrium) effects
represent the bulk of monetary propagation to both types of consumption goods, as com-
pared with intertemporal substitutability (see Holst Partsch et al., 2022).

Finally, we relate to some contributions examining households’ adjustment of the
durable-nondurable consumption mix in the face of transitory income shocks. In this
respect, Parker (1999) suggests that constrained households cut back more on goods that
exhibit high intertemporal substitution, because the utility cost of fluctuations in these
is lower than goods that are less substitutable over time. Browning and Crossley (2000)
formally shows this effect is equivalent to that characterizing the adjustment of luxury-
goods expenditure in Hamermesh (1982).* While our main focus is on the transmission
of monetary policy shocks, a main point of tangency with these studies is that durables
act as an "inefficient” saving technology that bears the burden of the adjustment, for they
display a quasi-constant shadow value and, thus, close-to-infinite intertemporal substi-
tutability. To some extent, Attanasio et al. (2020) retrieve this tendency in car expenditure

during the Great Recession. However, they highlight that adjustment along the extensive

3See, e.g., Werning (2015), Acharya and Dogra (2020), Challe (2020), Ravn and Sterk (2021).
“Browning and Crossley (2009) complements this accelerator effect with irreversibility in durable pur-
chases.



margin in their S-s model mostly reflects the emergence of adverse conditions during re-
cessions, while procyclical variation along the intensive margin has mostly to do with
households who are less severely affected by the contraction.

Structure The rest of the paper is organized as follows. In Section 2 we outline the base-
line structure of our modular economies. Section 3 discusses the role of durables, thus
reporting the behavior of both household-specific and sectoral consumption in the bench-
mark TANK economy. Section 4 introduces a 2-state HANK economy where consumers
can switch between different states (financially constrained vs. unconstrained), while still
holding a stock of durables. Section 5 focuses on aggregate amplification, extending the
2-state HANK economy to a 3-state economy, where the additional state contemplates
the presence of agents with access to neither a saving technology nor durable purchases.

Section 6 concludes.

2 Modeling strategy

We will proceed modularly, starting from a TANK model with savers and HtM house-
holds that buy both nondurables and durables. After discussing the main implications of
this in connection with Bilbiie (2008, 2018, 2020), we will extend the model into a HANK
economy with two states (i.e., savers vs. HtM households). The final step consists of elab-
orating an analytical HANK model featuring a 3-state structure, with potential transition
among savers, wealthy HtM (who can smooth through durables but no financial markets),

and pure HtM households (who hold neither durables nor financial assets).

The core of the model is a standard cashless dynamic general equilibrium economy
augmented for limited asset market participation (LAMP). In line with Bilbiie (2008, 2018,
2020), we assume that a fraction of the households are excluded from asset markets, while
others trade in complete markets for state-contingent securities (including a market for
shares in firms). The main point of departure from conventional LAMP economies lies in

differentiating consumption goods into nondurables and durables.



2.1 TANK economy

There is a continuum of households and two sectors of production, each of them pop-
ulated by a single perfectly competitive final-good producer and a continuum of monop-
olistically competitive intermediate-goods producers setting prices on a staggered basis.
There is also a government pursuing a redistributive fiscal policy and a nominal interest-
rate monetary policy. A continuum of households is envisaged over the support [0, 1], all
having a similar utility function. A \g share is represented by households who can trade
in all markets for state-contingent securities. We will interchangeably refer to these as

assetholders or savers.

2.1.1 Households

Each assetholder chooses consumption, asset holdings, and leisure, solving a standard

intertemporal problem featuring an additively separable CRRA time utility:
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where 5 € (0, 1) is the discount factor, ng > 0 and wg > 0 indicate how durable consump-
tion and leisure are valued relative to nondurable consumption, ¢s > 0 is the inverse of
the labor supply elasticity, while 05 > 1 and xs > 1 index the curvature of the utility
in nondurables and durables, respectively. Cs;, Xg;, Ns: are nondurable consumption,
the stock of durables and hours worked by saver (the time endowment is normalized to
unity). Pc; (taken as the numeraire) and Py, are the nominal prices of nondurable and
durable goods, respectively. There are two financial assets: a government-issued riskless
bond paying a nominal return r; (> 0), denoted by Bg,, and shares in monopolistically
competitive firms, denoted by Q2g,. V; is the average market value at time ¢ of the shares

in the intermediate-good firms, while D, = D¢, + D, are total dividend payoffs aggre-



gated over the two sectors in terms of nondurable prices, with D¢, denoting profits from
the nondurable goods sector and D, indicating profits from the durable goods sector
(deflated by Pc;).

Maximizing utility subject to this constraint gives the first-order necessary and suffi-

cient conditions at each date and in each state:
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The rest of the households (labeled non-assetholders or HtM households, and indexed

by H) have no financial assets and solve
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2.1.2 Firms

In each sector j = {C, X}, the final good is produced by a representative firm us-
ing a CES production function (with elasticity of substitution ¢/ ) to aggregate a contin-

€j/(g—1)
uum of intermediate goods indexed by i : V;, = ( 3 Y;(0) =D/ sfdz) 7. Final-good

producers behave competitively, maximizing profits P fo i1 i)di each pe-
riod: for the j™ sector, P;, is the overall price index of the final good and P; (i) is the
price of intermediate good i. For j = {C, X'}, the demand for each intermediate input is
Y;+(i) = (Pj+(i)/Pj+)” "~ Y;, and the price index is P1 Y= fo . +(1)1 %9 di. Each intermedi-
ate good is produced by a monopolistically competitive firm mdexed by i, using a linear
technology, Y; (i) = N, (i), while bearing a nominal marginal cost ;. The profit function
in real terms is thus given by: D, (i) = (14 77) [P;4(i)/Pj4] Y;(i) — (We/Pja) Nju(i) = TF,
where 1+ 77 is a production subsidy, while T, stands for a lump-sum profit tax We as-
sume the subsidy to be set to eliminate the markup distortion in the steady state: the pric-
ing condition under flexible prices, P g () Py =1=¢; (Wr/Pa) [(1+77) (65— 1)] ! al-
lows us to pint down this value at 77 = (g; — 1)~". Financing the total cost of this subsidy
by the profit tax (T}, = 7Y} ) leads to aggregate sectoral profits D;; = Y, — (W;/P;;) N;y,
which are zero in the steady state, thus allowing for full insurance in both nondurable and
durable consumption—i.e. C's = Cy = C'and Xg = Xy = X—and implying ) = 1. Our
core analysis will be conducted in economies that are log-linearized around this undis-
torted steady state. Log-linear variables will generally be denoted by the lower-case coun-
terparts of level variables. However, in line with Bilbiie (2018) we define d;; = In (D;,/Y;),
which implies d;; = — (w; — p]-,t).5 Moreover, in the remainder of the analysis w; will de-

note the real wage expressed in units of nondurables, i.e. w; = w; — pc.

Next, we allow for price setting in the vein of Calvo (1983) and Yun (1996). Intermediate-
good firms in each sector j = {C, X'} adjust their prices infrequently, with §; being both
the history-independent probability of keeping the price constant and the fraction of firms
that keep their prices unchanged. Assetholders (who, in equilibrium, will hold all the
shares) maximize the value of the firm, i.e. the discounted sum of future nominal profits,
choosing the price P;;(i) and using A, .4,, the relevant stochastic discount factor (pricing
kernel) for nominal payoffs:
max By Y27 0 (0 Agps [(1+77) Pia(i)Yjaes(i) — MCryi Yjgas(i) — TF ], subject to the

5Notice that, due to the subsidy leading to an undistorted steady state, dx ; = d%t.



demand equation, and where A; ;. is S’s the marginal rate of intertemporal substitution
between time ¢ and ¢ + 1. In equilibrium, each producer that chooses a new price P; (i)
in period ¢ will choose the same price and the same level output, so that the sectoral price
index is P}, = (1 —0)) (P;t)l_gj + QJP;:{

2.1.3 Government

The government conducts fiscal and monetary policy. Along with the tax and the sub-
sidy applied to sectoral production, the former consists of a redistribution scheme that

P and rebates the proceedings to H, so that T/ = %Dt. As

taxes S’s dividends at 7
stressed by Bilbiie (2020), this is key to determining the extent of indirect monetary policy

transmission in his HA economies.

Monetary policy is conducted by means of a standard interest-rate rule that sets the

nominal rate of interest in reaction to aggregate inflation and featuring a non-systematic

component:
R
Et = (14 m)%" exp(wy), 7)

where R is the steady-state (gross) nominal interest rate, ¢, denotes the degree to which
the nominal interest rate responds to aggregate inflation, 7, = anc; + (1 — o) 7x, (with
a € [0,1]), whose steady state has been implicitly assumed to be zero, as that for the
sectoral inflation rates, and where v, = p,v,_; + €/, €} being i.i.d., zero-meaned and with

variance o2.

2.1.4 Equilibrium and market clearing

A rational expectations equilibrium is a sequence of processes for all prices and quan-
tities introduced above, such that the optimality conditions hold for all agents and all
markets clear at any given time ¢. Specifically, labor market clearing requires that labor
demand and total labor supply to be equal, Ny = Ay Np; + AsNs: = > J—{C.X) N;,. With

uniform steady-state hours, this implies the log-linear relationship n; = Agng; + Agng,.

State-contingent assets are in zero net supply (markets are complete and agents trad-

10



ing in them are identical), whereas equity market clearing implies that shareholdings of

each assetholder are

1
QS,H—I — Qs,t - Q - )\_ (8)
S
Finally, by Walras” Law, the goods markets also clear, so that C; = A\gCy,; + AsCs, and
X = AuXpy + AsXg,: in light of full consumption risk-sharing in the steady state, once

log-linearized these respectively translate into ¢; = Aycy+Ascsand oy = Agxp+Asxsy.

3 The role of durability

Consider households” Euler equations for durables. These may be solved forward to

yield an expression for the households-specific shadow value of durables:

QCL7* =n.E {Z B(1 - 5)Z’X;£:z} =M., z={S H}. )
i=0
As noted by Barsky et al. (2007), A, ; will be largely time-invariant to shocks with short-
lived effects, when durables are long-lived enough. This means that the intertemporal
elasticity of substitution in durables demand is close to infinite. Thus, for 3(1 — §) close
to one, short-term movements in X, ;—as those generated by a temporary shock to fiscal
spending or the nominal rate of interest—will affect the right side of the equation above
relatively little, so that Q,C. 7" ~ A.. According to this, movements in the relative price
of durables are forced to mirror those in either household’s shadow value of income,
thus reflecting the emergence of an endogenous risk-sharing condition, as enunciated in

Proposition 1.

Proposition 1 Assuming that durables feature low depreciation rates, so that their shadow value
is quasi-constant, implies the emergence of a risk-sharing condition involving all households that
can purchase durables in the TANK economy. Therefore, AsCg; ~ApCFfi.

Thus, extending households” consumption possibilities to (long-lived) durables im-
plies positive comovement between their consumption of nondurables, the extent of such

comovement primarily depending on the relative curvature of the utility functions over

11



nondurables. A note of caution is warranted, at this stage, about the generality of this
result. Allowing for non-separability between durables and nondurables in households’
utility would not fundamentally alter the quasi-constancy property, given that the stock-
flow ratio is high for durables that depreciate slowly, so that X, ; moves slowly enough to
be regarded as nearly constant, in the face of temporary shocks (Barsky et al., 2007).° In
this respect, we should stress that Barsky et al. (2007) dig into the nature of a long-lived
durable, conducting a robustness exercise on the interaction between sectoral price rigid-
ity and the speed of depreciation, and checking how good an approximation is to regard

the shadow value of durables as quasi-constant.”

In a log-linear setting, the result reported in Proposition 1 translates into

OHCHt = qt = 05Cg . (10)
Combining this with ¢; = Mgy, + Ascs, returns®

¢t =[1— Ay (1 —7)]cst, wherey = ﬁ, (11)
OH
so that we can combine the latter with savers’ Euler for nondurables, as well as non-

durables’ market clearing (i.e., yc+ = ¢;), obtaining:

Yo = Frycis1 — X! (re — Eymesa) (12)

where x = 78— Therefore, provided that sectors exhibit asymmetric price stickiness—
so that the relative price of durables deviates from the steady state in the face of monetary
shocks—in this TANK setting intertemporal substitution over nondurable consumption

depends on household heterogeneity in the curvature of nondurable utility and, con-

® Analogously, introducing an adjustment cost of durables to capture illiquidity would further inhibit
changes in the stock, thus exerting little effect on the shadow value of durables (from the perspective of
either type of household). We verify this property using a 2-sector HANK model with cyclical income risk
and quadratic cost of adjustment for the stock of durable (see Holst Partsch et al., 2022). Within this setting,
we also verify that the interest-rate sensitivity of durable holders is comparable, regardless of the amount
of liquid financial assets held, in line with the key prediction of the present framework). These additional
results are available, upon request, from the authors.

"Intuitively, a trade-off emerges between the rate of depreciation and price stickiness: if durable prices
adjust quickly, the overall grip of price rigidity is diminished, so that changes in complements (or substi-
tutes) to the durable are extremely short-lived, and the change in the stock of the durable itself is negligible.
Barsky et al. (2007) conclude that, for a rather large parameter space, their durable is an ”idealized” one.

8Note also that, after combining the two labor supply schedules with cr; = vcs 4, the following restric-
tion applies: ¢sng: = dunm,.
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ditional on such heterogeneity, on the share of constrained agents with respect to the
total population. Specifically, increasing a positive wedge between the curvature of S’s
nondurable consumption utility and that of H amplifies the impact of r, — Eymc41 On
AFEwci41- A key property should also be highlighted, in light of the contribution of Bil-
biie (2008):

Remark 1 According to (12), there is no room for an inversion of the slope of the aggregate non-
durable Euler equation in the TANK economy, as the elasticity of total nondurable demand to the
real interest rate is always lower than zero.

3.1 Monetary transmission in the TANK economy

We can now examine equilibrium behavior in both sectors, as well as household-
specific expenditure in either type of good, conditional on monetary shocks. To elicit the
distinctive role of durability in monetary transmission, we take an economy with sym-
metric price stickiness as the most straightforward extension of the one-sector framework.
Thus, in line with Barsky et al. (2007), we alternatively consider the case of purely flexible
prices of durables and nondurables. Based on this plan, we detail the behavior of sectoral
purchases, as well as the determinants of household-specific consumption of durables and
nondurables, with a specific focus on the role of fiscal redistribution. The complete log-
linear TANK economy, as well as the analytics for each scenario, are reported in Appendix
A.

3.1.1 Symmetric price stickiness

When goods produced by both sectors display symmetric price stickiness, ¢, = 0,
so that also household-specific and aggregate nondurable consumption remain at their
steady-state values, in light of (10) and (11). Thus, combining S’s Euler for nondurables
and the Taylor rule, together with households’ labor supply:

Yor = 07
Yxit = %métyaWhere (=05l — Ay (1-9)] " and ¥ = @5 /6.
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As in the one-sector RANK model discussed by Barsky et al. (2007), movements in ag-
gregate production are accounted for entirely by durable production, with nondurable
production remaining at the steady state. This is because HtM households can smooth
nondurable purchases through durables and, due to the combination of equally sticky
sectoral prices and slow depreciation, they end up not adjusting their nondurable con-
sumption at all, in the face of monetary shocks. A further remarkable property of the
sectoral equilibrium in the TANK economy is that household heterogeneity only matters
to the extent it affects household preferences about nondurable consumption and labor

supply, thus allowing us to formulate Proposition 2.

Proposition 2 Due to consumption risk-sharing, sectoral equilibrium production in the TANK
economy under homogeneous preferences is equivalent to that obtained in the RANK benchmark.

As we will see in the next subsection, this result extends to the asymmetric economies.
With this picture in mind, obtaining equilibrium household-specific durable expenditure
is straightforward. For illustrative purposes, we report this as a function of sectoral
durable production, while (temporarily) neutralizing preference heterogeneity in terms

of labor supply (so that = ¢), without loss of generality:

P — )
€5t = (1 + Cb)\—SH) Yx.ts (13)

D
ens = (14 6% Y a9
implying that the magnitude of 77 relative to Ay amplifies/attenuates the response of
savers relative to that of HtM households. The effect is analogous to that highlighted by
Bilbiie (2020) in his one-sector economy with nondurables. In fact, in connection with
durable expenditure, our TANK economy features an externality imposed by H on S
through the income effect of real wages. To see this, initially assume fiscal transfers are
null and that yx, increases as the result of a monetary expansion. Concurrently, H’s in-
come increases due to the real wage expanding along the aggregate labor supply sched-
ule (as long as ¢ > 0) and, proportionally, also their demand for durables increases (when
7P = 0 they incur no negative income effect from profits going down). This produces an

extra expansion in yx ¢, labor demand, and the real wage. As S’s income drops in the face

14



of falling profits, they work more hours to accommodate extra demand (with H’s labor
supply expanding in tandem, given the endogenous risk-sharing condition and, on top
of that, the assumption of symmetric preferences). When setting 7” > 0, instead, fiscal
redistribution induces H to internalize the contraction in firm profits (again, as long as

we have a finite elasticity of labor supply).

At the sectoral level, though, no amplification/attenuation is induced by 77. In fact,
tiscal transfers are purely redistributive in any model where durables insulate HtM house-
holds from the adverse effects of profits going down as demand (and, thus, the real wage)
expands, for whatever reason, and in either sector. Such neutrality of fiscal transfers has
nothing to do with the degree of sectoral price stickiness, while only hinging on the
goods-demand structure of the economy, as we will see in Section 3.1.2. In fact, when
both savers and HtM households can buy durables, household-specific durable spending
adjusts as a reflection of the risk-sharing condition applying—so that both household-
specific nondurable consumption and labor supply move in tandem—and transfers have
no impact on yy;.” Notably, this property is also invariant to allowing agents to switch
between the (financially) constrained and the unconstrained state (as we will see in Sec-
tion 4). Only contemplating pure HtM consumers—whose expenditure is exclusively di-
rected towards nondurables—will break the neutrality of fiscal transfers, yielding some
important insights about the interaction of fiscal redistribution and the amplification of

monetary shocks in the aggregate (see Section 5).

3.1.2 Asymmetric price stickiness

We allow parameter heterogeneity back in the picture. As for sectoral price stickiness,
instead, assume that one sector at the time exhibits pure price flexibility. Formally: 6; = 0
and 0; > 0, with j,7 = {C, X} and j # i. Table 1 summarizes the elasticity of household-
specific nondurable and durable expenditure to their respective sector-specific produc-
tion. In the analysis of Bilbiie (2020), such elasticity is key to examine the cyclical behavior

of aggregate nondurable consumption. We find it useful to take a similar standpoint.

Even in this case, fiscal redistribution and labor market characteristics are irrelevant to

?As an alternative to deriving yx ; from the aggregate block of the economy, this property can be appre-
ciated by consolidating the household-specific budget constraints in light of the risk sharing condition (10)
and the household-specific labor supplies, so as to express yx ; as a function of w.
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Table 1: Elasticity to sectoral production

Sectoral price stickiness Csu Chy es,t ey

1 B _(x 1P 1 s [ (X _ 1P 1
(=)  T=Aa-7) [1 (Y(: Xs )"S] T=2n (1) s Ve T ) 98] ta

Flexible py, sticky p¢

i i [ R TR IR T L) S U Yo 1 1 ds [y g =Py Y] _Ye 1
Sticky px, flexible pe i a— i [1 ‘75( Xs Yo a‘)sycﬂ Vol Tan(0) A [1 ‘76( Xs Yo 95 Yo ) | YotV Txu(i—)

Notes: The first column details two scenarios of asymmetric sectoral price stickiness, in which one sector at
a time displays full price flexibility. For each of these, the following two columns report the elasticity of S’s
and H’s nondurable expenditure to sectoral nondurable production, while the last two columns report the
elasticity of S’s and H’s durable expenditure to sectoral durable production.

households” nondurable consumption response to monetary shocks, due to the presence
of durables.'® Instead, both cs's and cy s elasticity with respect to aggregate nondurable
expenditure only hinges on the magnitude of o relative to oy and, conditional on these
being different, on how households split between savers and HtM. Whenever the curva-
ture of H’s nondurable utility exceeds that of S, i.e. v < 1, cg; (cy,) moves more (less) than
one-for-one with y¢ ;. In light of this, nondurable consumption inequality, as captured by
cst — cmy, is procyclical when v < 1. As for the population shares, instead, increasing
A inflates (deflates) the elasticity of household-specific nondurable consumption to its

sectoral aggregate, for v < 1 (> 1), as is expected on a priori grounds.

On the other hand, fiscal redistribution and labor market characteristics do matter for
the behavior of household-specific durable consumption (and, thus, for the behavior of
cyclical inequality). In fact, both eg;’s and ey ;’s degree of comovement with aggregate
durable expenditure hinges on 77 and ¢.!! Before seeing how such features combine, it is
important to recall how sectoral production behaves in response to monetary shocks. In
fact: i) yc, increases in the face of a monetary expansion, when durables feature flexible
prices, while ii) it contracts when it is up to nondurables to display no price stickiness
(assuming that the shock is persistent enough). As for yx, this necessarily comoves neg-
atively with yc, (this property may be relaxed once adding pure HtM households that
consume no durables—as we do in Section 5—or in 2-agent/state frameworks where
movements in the relative price are mitigated by assuming sectoral degrees of sectoral

price that are not too different). With this picture in mind, fiscal policy is always redis-

1 Appendix A confirms the neutrality of fiscal transfers with respect to both durable and nondurable
sectoral demand, while consumer heterogeneity only plays a role through preferences, as indexed by x and
¢, depending on how sectoral price stickiness is set.

"While extending the analysis to a two-sector economy, we will mainly focus on these two determi-
nants, taking as given other household-specific or sector-specific traits, such as the curvature of nondurable
consumption utility and the relative size of each sector.
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tributive towards H’s durable expenditure, conditional on the sign of yx;’s response to
the monetary shock. Whenever, yx ; contracts (expands), increasing 7 attenuates (ampli-
ties) the response of ey ;. At the same time, whenever labor hours vary—and this is not
the case when durables feature flexible prices, in which case ng; = ngy; = 0—increasing
the elasticity of labor supply works in the same direction as 7, as the slope of the la-
bor supply schedule drops, and a given demand increase corresponds to a more muted
contraction of sectoral profits.

Therefore, regardless of how price stickiness is set across sectors, even though H has
no access to financial assets, risk-sharing in nondurable consumption emerges, de facto al-
lowing constrained households to smooth their nondurable consumption profile through
durable purchases. Long-lived durables insulate H’s nondurable consumption from the
effects of profits going down as real wages expand. On the other hand, H’s (and, thus, S’s)
durable expenditure rests on the cyclicality of sectoral profits with respect to aggregate
durable production. In this respect, take the case of flexible prices in the durable sector
tirst: following a monetary expansion, the real wage in units of nondurables (i.e., w;) in-
creases, while households’ labor supply remains at the steady state—explaining why ¢
plays no role, in this context—and also the real wage in units of durables remains unaf-
fected (so that dx; = 0 too). At the same time, d¢; contracts: thus, as 7P increases, H
(5) has less (more) resources to buy durables, for given yx ;. In the case of flexible prices
in the nondurable sector (and relatively inertial monetary shocks), instead, a monetary
loosening expands the real wage in units of durables (i.e., w; — ¢), so that dx, shrinks,
while leaving w; (and, thus, dc¢;) unaffected. Concurrently, households’ labor supply in-
creases. For given yx , while the first effect restricts (increases) H’s (S’s) resources to buy
durables, as 77 increases, the second effect expands either household’s durable purchase

opportunities, though less so as ¢, increases, for = = {S, H}.

In the next section, we extend the TANK economy into a HANK model allowing
agents to switch between different financial states, so as to study how compounding/discounting
of news about future nondurable expenditure interacts with the HtM channel we have out-

lined for this type of economies.
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4 A 2-state HANK economy

TANK economies miss a key channel in that financially unconstrained agents do not
face the possibility of becoming constrained in the future, and vice versa. In this section,
we extend the model from the previous section to allow for this possibility. In fact, Bil-
biie (2018, 2020) discusses how extending the TANK setting in this direction is chiefly
important to explain short-lived shocks and policies. As in these contributions, we can
envisage the problem as featuring a unit mass of households that infrequently partici-
pate in financial markets: when they do, they can adjust their portfolio frictionlessly, and
receive dividends from firms in either sector. When they do not participate, they only
receive the return on their bond holdings from the previous period. Denote the two states
as S and H, respectively. The exogenous change of state follows a Markov chain: the
probability to stay type S is pgg, while households have a probability gy to stay type
H (with transition probabilities o5 and ops, respectively). We focus on stationary equi-

libria whereby the mass of H is, by standard analysis, Ay = o 51};;13’ with oss > 0sH,

implying that the probability to stay a saver is larger than the probability to become one.

We follow Bilbiie et al. (2022) in that we make some assumptions that allow for ana-
lytical tractability. First, households are members of a family, whose intertemporal utility
is maximized by the head, given limits to risk-sharing. Households are located on two
islands depending on their financial-market participation status: one island is for savers,
and one for HtM households. The family head can transfer resources within islands, but

only some resources can be transferred between islands.

In light of these assumptions, there is full insurance within type, in the face of idiosyn-
cratic risk, but limited insurance across types. At the beginning of the period, the family
head pools resources within the island. The aggregate shocks are revealed, and the family
head determines the consumption/saving choice for each household in each island. Then
households learn their next-period status and have to move to the corresponding island
accordingly, taking bonds and their stock of durables with them. Different financial assets
thus have different liquidity: only one of the two financial assets (bonds) can be used to
self-insure before idiosyncratic uncertainty is revealed—i.e., is liquid—while stocks are

illiquid, and cannot be used to self-insure.
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In sum, the problem for the family head reads as:

o) 1—0’5‘ 1_XS 1+¢S
i Coiti X1t e

max E, g B | As +n ws
Cs,t,CH,t,X5,6,XH,t,Ns,t,NH,:,25,t,25,t,ZH,t = 1+ ¢g

1—0s  1—xs
leabi( Xl*X}g N1+¢1;I
+/\H ( H,t+ + n Hi+: w H,t+

l—oy 1= xu "1+ op
s.t.
~ 147 W,
CsotQu [ Xop = (1= 0) g | + QsaVi+ Zsu = T Bsut + Qo1 (Ve + D) + - N
1 -+ TC PC,t
= 147 1%
Cry + Qy [XH,t —(1-9) XH,t—l] +Zpy = : lBH,t—l + _tNH,t + TtH>
1+ 7oy Pcy

AsXsy = As0ssXsy+ Auoms X,
Ao Xuy = AsosaXss+ Auomn X,
AsBsi = AsossZsi+ AmonsZu,
AaBuy = AsosuZsi+ AnonuZy,

where, for z € {H, S}, X., denotes the beginning-of-period-¢ 4 1 stock of durables, while
Z, (B,;) denotes the end-of-period-t (beginning-of-period-t+1) stock of bonds. The zero-
liquidity limit a la Krusell et al. (2011) implies that, even though S’s demand for bonds
is well-defined, the supply is zero, so there are no bonds held in equilibrium. Under
this assumption, the only equilibrium condition from this part of the model is the Euler

equation for S’s bonds:

1"‘7",5

m [@sng,ffl + QSHCEiiJ } . (15)

C;f’?s - ﬁEt {

As for H, being her constraint binding, the zero-liquidity assumption implies HtM be-
havior. Furthermore, the 2-state HANK model differs from its TANK counterpart with
respect to the following durable Euler equations:

QiC57° = nsXgy® + B(1 = 6)Ey {055Qe41Cayty + 055Qu Oty } (16)
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QO = 77HX;1§H +B(1—-9)E, {QHHQt+1C;1§il + QHSQtHCEffl} . (17)

Slow depreciation of durables, in conjunction with the states being persistent enough,
implies that the right side of both equations is approximately constant, so that the relative

price of durables is forced to mirror households’ shadow value of income.!?

It is then reasonable to treat the shadow value of as roughly constant in the face of
a monetary disturbance, if durables are sufficiently long-lived; i.e., Y, ~ (I - A)"' BX.
This implies a relationship analogous to (10) which, combined with market clearing, re-
turns ¢; = [1 — Ay (1 — )] cs, once more. Combining the latter with the log-linearized

counterpart of the self-insurance equation (15),

csy = plcs 1 — 051 (r¢ — Eymiqq) ,where u = 0gs + v0sH, (18)

and with ¢, = y¢,, we obtain

Yor = Ewyo1 — X (1o — Eymign) - (19)

With idiosyncratic uncertainty (i.e., oss < 1), the Euler for nondurables features discount-
ing/compounding of news about future nondurable expenditure—as captured by the

factor loading y—depending on v < 1.7

In either of the two cases, even if they acknowl-
edge that in some state of the world they might find themselves financially constrained,
households can still exploit durable goods as a store of value so that the marginal util-
ity from nondurable consumption is equalized across states. As a consequence, different
forms of household-specific consumption behave exactly in the same way they do in the
TANK economy (cfr. Table 1), so that fiscal redistribution and labor market characteris-
tics operate along the same direction across different scenarios, and do not interact with

idiosyncratic risk. In light of this, also the 2-state HANK economy features a neutrality of

12To see that, it is convenient to express the two durable Euler equations as Y; = AE,Y,y; + BX,,
! !/

with Y, = [QtC;‘;S,QtCﬁZH} and X; = {X;fS,X;I?iH] . The two eigenvalues of A, 3 (1 —¢) and
B(1—10)(orn + 0ss — 1), are both within the unit circle, so that Y; = Y ;o  A‘BE;X;4; by forward it-
eration. As in the TANK economy, slow depreciation implies a high stock-flow ratio, so that even relatively
large changes in the production of the durable over a moderate horizon have small effects on the stock.
Moreover, Appendix B shows that, conditional on states being persistent enough, quasi constancy applies
to the shadow value of durables in both states.

13 Assuming homogeneous preferences, instead, implies that the Euler corresponds to that obtained in a
RANK economy with no heterogeneity.
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fiscal transfers with respect to both types of sectoral production.

Thus, we focus on the role of the compounding/discounting factor 1 in affecting the
elasticity of sectoral production to the monetary shock. In this respect, Proposition shows
that ¢ amplifies the response of both y-; and yx,, in either direction, when assuming
asymmetric sectoral price rigidity. By contrast, it plays no role under symmetric sectoral
price stickiness, in which case the model is isomorphic to the TANK economy and, thus—

by virtue of Proposition 2—to the RANK benchmark, under homogeneous preferences.

Proposition 3 In the 2-state HANK economy where 6; = 0 and 6; > 0, with j,i = {C, X} and
J # 1, sectoral production is given by

— 1_/8,01/ -1
vor = TBp)(=pebc@n—p X 0
YXt = VS T Tpon e X Voo When Ox = 0 and 6 > 0,
and
_ 1-Bpy —1
Yor = Y(é;ﬁf/u)(l—puu)l—_%rszx v :
UXt = T WA (o pe—amax X Vi» When Ox > 0and 0c = 0.

Notably, when v < 1, the impact of monetary policy shocks on either form of sectoral
consumption is attenuated, both with respect to the direct effect of the real rate of inter-
est on yc, and through discounting of future news about nondurable spending. This
is a manifestation of the self-insurance channel in this economy, though the way this op-
erates and interacts with the HtM channel is, again, different from Bilbiie (2020), due
to the presence of durables. When good news about future aggregate nondurable pro-
duction arrive, households recognize they will be constrained in the access to financial
assets—in some state of the world—while displaying lower intertemporal substitution
in nondurable consumption. In light of this, even being able to purchase durables and,
through these smoothing nondurable purchases, households recognize they will not be
able to make the most of the increase in Fiyc ¢11.

As explained by Bilbiie (2020), the interaction between aggregate and idiosyncratic un-
certainty represents the motive to self-insure, and more so as g, drops, so that the HtM
spell, as captured by Ay, lasts longer. Unlike Bilbiie (2020), though, self-insurance oper-
ates with respect to nondurable consumption, de facto, only to the extent households dis-
play preference heterogeneity. The next section is partly aimed at addressing this short-

21



coming.

5 A 3-state HANK economy

We have seen how, in its 2-state version, the HANK model with long-lived durables
impairs the propagation stemming from the interaction between idiosyncratic uncertainty
and HtM behavior, which is typically regarded as a key driver of aggregate nondurable
consumption. For this reason, we now devise a 3-state HANK economy where preference
heterogeneity is switched off, and where household members can find themselves in any
of the following three states: a state in which they can smooth consumption both over
durables and nondurables, one with access to durable purchases but no financial assets—
in which case they are considered wealthy HtM—and one without access to either durables

or financial assets—in which case they are considered pure HtM.

We envisage a third island that we label K. Upon learning that they will move to this
island, households drop their stock of durables, which are redistributed to S and H. The
exogenous change of state follows a Markov chain: the probability to stay type S is pgs,
to stay type H is pyy, and to stay type K is pxx (with transition probabilities py; with
fil = {K,S,H} and f # [). Even in this case, we focus on stationary equilibria."* The
head of family’s optimization problem now reads as

1 og 1-xs 1+¢s
i St+i XS t+i NS t+i
max g B + g —
CS7t:CH,tch,t7XS,t7XH,taNS,tvNH,tyNK,taQS,hZS,taZHt 1—o0g 1—xs 1 + ¢5
l—oy 1-xH 1+¢H
CH R XH,t—H Ht—i—z
+An + N

1—o0x 1— XH 1 + qu

Cl—UK 1+¢K

K t+1 Kt—i—l

A | ——— —
1 — 0K 1 -+ QbK

4The transition matrix is set so that the Markov chain is ergodic. The steady-state solution of the transi-
tion probabilities is reported in Appendix C.1.
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Under the assumptions above, the only equilibrium condition for the bond market is
the Euler equation of S:

1 + T
1+ 7o

Csi® = BE; { [055C5 75 + 0suCyty + 0skCT5 ] } : (20)

As for the demand of durables, this is determined by the combination of the following

Euler equations for S and H:

—0 - A + A —0 —0
QCsTe = nsXg)® + 801 —M{QSS S Kchs,tfl+QSH@H1OH;1}, (21)
—0 — A + A —0 —0
Qi = X"+ L - D), { LEMECIE G Gt 4 0usQui 3 |- @)

Having examined the distinctive impact of durability in a two-agent economy with S and
H households, we will now explore the role of K in determining sectoral and aggregate
amplification of monetary shocks in the 3-state economy. In doing so, we abstract from
preference heterogeneity, while retaining potential asymmetry in sectoral price stickiness
and size. The complete log-linear economy and the analytical derivations are reported in
Appendix C.2.
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Figure 1: Volatility and fiscal redistribution
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Notes: Symmetric transition probabilities,c =1, ¢ =1, Yo =a=0.75,Yx =1 Y, =097, 0x = 0c =
0.6, 6 = 0.025, ¢, = 1.5.

5.1 Symmetric price stickiness

We primarily focus on our benchmark setting featuring symmetric price stickiness.
Figure 1 reports the conditional volatility of GDP, along with that of nondurable and
durable production (weighed by their relative sectoral size), as well as their correlation,
all as functions of 72, which is the subsidy rate applied to K (assumed to be equal to
that applied to H, 7/))."° A first element to highlight is that fiscal transfers are no longer
purely redistributive. In fact, aggregate volatility increases in 72, displaying a pattern
that is broadly in line with the conditional volatility of durable production. This squares
with the common view that durables dictate the aggregate behavior of two-sector RANK
economies, regardless of the pricing and demand structure of nondurables (Barsky et al.,
2007). This is still the case in our HANK environment. Let us see why.

A good starting point to provide some intuition to the driving forces behind this fact
is to inspect the equilibrium sectoral levels of production, whose derivation is reported in
Appendix C.3:

1>The numerical experiments in this section do not rely on the approximation embodying quasi constancy
of the shadow value of durables. Doing so, however, produces virtually unchanged results, thus confirming
the soundness of our analytics.
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o= g (o R 3)

= 24
Yxt (1= ) Yx ( p + TK) Wi, (24)

where w; = meé’ . Looking at y¢,, it is immediate to infer that its conditional volatil-

ity drops with 7 over the support.’® On the other hand, the conditional volatility of yx ,
invariantly increases in 7. Thus, aggregating the solutions for yc; and yx ., and being
1—1AK > Ycﬁi‘z;,a always verified—by virtue of the element on the left (right) side of the in-
equality being greater (lower) than one—allows us to show that the conditional volatility

of GDP is amplified by fiscal transfers, as stated by Proposition 4.

Proposition 4 In the 3-state HANK economy with symmetric price stickiness, the response of y,

to monetary disturbances increases in fiscal redistribution, whenever A\ > 0 and ¢ < oo.

Thus, unlike one-sector models featuring nondurables only, fiscal redistribution am-
plifies the conditional volatility of GDDP, the presence of long-lived durables being crucial
to this property.!” To provide further intuition to this result, assume an unexpected mon-
etary expansion inducing the real wage (which is common across sectors) to increase. The
attenuation of volatility in nondurable production is to be ascribed to K (whom, in the
present setting, is the only household adjusting nondurable purchases). With 77 > 0,
these agents internalize the downward pressure of wages on firm dividends, which be-
comes increasingly intense as 77 rises. The potential inversion in o, then stems from
the fact that, as this wealth effect becomes conspicuous at relatively high degrees of fis-
cal redistribution—and this is more easily accomplished when labor supply is relatively

inelastic—a given increase in the real wage compresses nondurable expenditure. As for

161n fact, conditional volatility should drop up until 77 is lower than % ; this cannot be appreciated
in the graph, though, given the selected values for Ak and ¢.

7One might suggest that, while not altering the emergence of risk sharing among agents buying
durables, envisaging nominal wage rigidity would affect the cyclicality of sectoral profits (for a HANK
example, see Broer et al., 2019) and, thus, the specific way fiscal redistribution shapes the conditional
volatility of sectoral and aggregate production. Even in this case, though, we should stress that intro-
ducing durables—no matter how large a share of the economy they represent and how ”sticky” their prices
are—profoundly changes the properties of an otherwise standard one-sector economy with nominal wage

stickiness. Analogous considerations apply to economies with a different asset structure (see, e.g., Ravn
and Sterk, 2021).
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the conditional volatility of durables, instead, increasing 7% allows S to translate on K the
negative income effect from firm profits, thus exploiting more resources available for her
own consumption (who accounts, together with H, for the entire demand in that sector;
their nondurable consumption remaining at the steady state, instead).'® Thus, increasing

fiscal transfers to K magnifies the passthrough of shocks to the real wage.

Being durable production the dominant source of GDP volatility, and being its own
conditional volatility increasingly sensitive to fiscal redistribution, the overall impact of
72 on oy is necessarily expansionary. Notably, this tendency may disappear as A\x — 0
and ¢ — oo: in this limit situation, pure HtM households—who represent a prerequisite
for the non-neutrality result—vanish, and labor supply becomes increasingly inelastic,
thus limiting the income externality on S and—by virtue of the risk-sharing condition
linking to her—on H. Thus, a key issue in considering a one-sector economy produc-
ing only nondurables is that fiscal redistribution interacts with monetary poilicy so as to
smooth its effects, while the reverse implication emerges when contemplating consumer
durables, no matter how large their sector of production is. After examining amplifica-
tion/attenuation in the economies with extremely asymmetric price stickiness—where
one sector at the time features purely flexible prices—the next subsection shows how
the same tendency characterizes economies with any degree of asymmetric sectoral price

stickiness.

5.2 Asymmetric price stickiness

We now examine comparative statics in the economies where sectoral price stickiness
is fully asymmetric. Much like the analysis of Bilbiie (2020), it is possible to characterize
the elasticity of pure HtM households’ nondurable consumption to aggregate nondurable

consumption, whenever price stickiness is asymmetric between sectors:

s =y, (25)
A

8Varying 77 is neutral to the allocation of durables between H and S, instead, just as in the TANK or
the 2-state HANK economies.
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where the derivation of ux is performed in Appendix C.4. Thus, starting from S’s Euler

for nondurables (which is the only one holding in equilibrium), we may characterize the

behavior of aggregate nondurable consumption:!?

Ak (0ss + osu) (1 — pK) + 0sk ik ()\H+)\S)E 1— A\
tyoﬂf-‘rl N
(1= pxc) Aic o (1 — pux)

Yo, =

(Tt - Etﬂc,tﬂ) .

(26)

Notably, nx < (>)Ak ensures discounting (compounding) of news about the future
while attenuating (amplifying) the elasticity of yc; to the real interest rate.’” Therefore,
the (intratemporal) HtM channel is complemented by the (intertemporal) self-insurance
channel: bad (good) news about future nondurable production reduce (boost) today’s
demand for nondurables, implying less (more) need for self-insurance against the K state.
Thus, given that yx, and yc. display close-to-perfect negative correlation when either
sector features purely flexible prices, the volatilities of the two sectoral productions are
also characterized by the same determinants. In light of this, we can simply focus on the
behavior of ji.

Figure 3 in Appendix C.4 reports p as a function of 77 and ¢. Starting from the
scenario featuring flexible prices of durable goods, ck reacts more than one-to-one to
changes in nondurable production under relatively low fiscal redistribution (and large
Ag).2' Assume a monetary tightening, which causes a contraction in y¢; and w;, with
S and H substituting nondurables for durables, given that the latter become relatively
cheaper. Focusing on K, recall that, under x = 0 and 6 > 0, dx; = 0, so that her income
equals Y%(n Kt +w) + %dqt. Notice that raising ¢ attenuates the increase in ng,, thus
acting as a further drag on K’s labor income. At the same time, as d¢; = —w,, dividends
accruing from the nondurables sector necessarily expand—attenuating the impact of the
contractionary monetary stance on cx;—and more so as 7% increases and/or \x drops,
all else equal, as in this case pure HtM consumers progressively internalize the positive

effect from fiscal redistribution. This effect counteracts the negative impulse on aggregate

9Except, again, for the case in which 0x = f¢.

20 According to the same conditions, procyclical (countercyclical) nondurable consumption inequality
emerges.

HIn fact, in Appendix C.4 we show how to retrieve the multiplier in Bilbiie (2020), when abstracting from
durability.
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nondurable consumption.

Turning to the scenario with nondurable goods featuring flexible prices, ux > Mg
tends to hold more easily under relatively large fiscal redistribution and/or under a rela-
tively small A\x. As nondurable goods become relatively cheaper, a monetary tightening
now induces S and H to substitute durables for nondurables. Recall also that K’s income
equals Y%nKyt + %%dX,t- As dx; = —(w; — px+) = qi, dividends from the durable sec-
tor expand, thus supporting K’s purchase of nondurables. Thus, increasing 7 and/or
reducing \x enhances such expansion. As for ¢, instead, raising it amounts to limit the
drop in K’s labor supply, rendering it increasingly inelastic and attenuating the drag on

CK -

On the connection between fiscal transfers and aggregate volatility Figure 2 shows
that aggregate conditional volatility increases in the fiscal transfer, even in an economy
with mild asymmetry in sectoral price stickiness, and where durables have relatively
more flexible prices (see Panel (a), where we impose 0x = 0.4 and 0 = 0.6).”2 To provide
some analytical intuition, equations (27) and (28) express yc, and yx, as functions of the
real wage (in units of nondurables) and the relative price of durables. These equations
respectively generalize (23) and (24), in that relative-price changes shape both y-; and

YX
ng Ak (1+¢) D ¢YX D A+ Ag
_ _ 27
Yo oYo + oY ) i @t Yo + UYTK * o 1 27)
B Y As + A\g D) Tflg (Yo +0Y) (1 = Ag) — po A Yx
Yxr = YX 1-— )\K K ! 1-— /\K YXgOO' 1-— )\K %
¥

(28)

As a result of a monetary expansion, both real wages and the relative price increase,
inducing potentially contrasting effects on sectoral production. However, despite both w;

and ¢; are now endogenous to fiscal transfers (unlike the case of symmetric price sticki-

Z2We take this setting as reflecting the main standpoint when it comes to calibrating multi-sector
economies with nominal price rigidity and involving the durable-nondurable dichotomy. See, e.g., Bils
and Klenow (2004) and Nakamura and Steinsson (2008). In fact, as we will show in the remainder of this
section, our analysis retains a fair degree of generality, with respect to alternative calibrations of sectoral
price rigidity.
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Figure 2: Volatility and fiscal redistribution: asymmetric stickiness
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parameters: 0 =1, ¢ =1,Yc =a=0.75,Yx =1 - Y, 8 =0.97,6 = 0.025, ¢, = 1.5, symmetric transition
probabilities.

ness), focusing on the factor loadings that involve 7% helps us interpreting how fiscal re-
distribution may exert a first-order impact on sectoral volatility. Considering nondurable
production first, we can see how increasing the fiscal transfer necessarily attenuates the
impact of w;, while amplifying that of ¢;: thus, a decline in o,, must imply that the first

effect dominates. This can also be inferred be reshuffling (27) as

_ Yk (1+(Z)> g+ Ag gﬁYTI[()

Yo = qt

¢oYe + oY Wt o oY+ oy (29)

from which it can be seen that increasing fiscal transfers attenuates the overall response
through the negative factor loading attached to the average real marginal cost in the econ-
omy (rmec; = %wt + YTX (w; — px.))- As for yx,, instead, increasing 7/ attenuates the ex-
pansionary impact of the relative price, while amplifying that of the real wage. For o, to
decrease over most of the support of the transfer, it must be the case that the relative-price
effect broadly dominates.

Turning our focus on aggregate volatility, we can express real GDP as the sum of two
components, the second of which is represented by the average real marginal cost in the

economy:

1 PYc
Yo =T (Wi, qr) + 7R (1 e v UY) rmey, (30)

where § (w, ¢;) is a function of the real wage in units of nondurables and the relative price,
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and where factor loadings do not feature fiscal transfers. Focusing on the factor loading
applying to the average real marginal cost, instead, allows us to infer that fiscal transfers
amplify the overall monetary response. This is not just true regardless of how large the

1 Yo
oo =~ dYotov 18

always verified (unless, again, limit situations are considered, in light of Proposition 4),

durable production sector is, but also of how “sticky” it is. In fact, as

tiscal redistribution amplifies a given change in the average real marginal cost.

6 Concluding remarks

Durables are key to the transmission of monetary policy. Not just because they are
more interest-rate sensitive than nondurables—but also because they represent a store of
value through which households may shape their nondurable consumption profile, even
when they have no access to financial markets. We highlight this property within mod-
ular two-sector New Keynesian economies where part of the households are financially
constrained, but might still be able to buy durables subject to slow depreciation, along
with nondurables. The amplification/attenuation of household-specific and nondurable
consumption in TANK and HANK economies where all households can buy durables
only hinges on preference heterogeneity, whereas durable consumption at the household
level also depends on other structural determinants, primarily the degree of fiscal redis-
tribution from financially unconstrained to constrained households. Due to the specific
goods-demand structure of the economy—with both households buying durables and
nondurables—fiscal redistribution is neutral to either type of demand at the sectoral level.
However, when contemplating the presence of households that are constrained in the ac-
cess of both financial assets and durable purchases, such neutrality is broken, and we
highlight that GDP (conditional) volatility increases in fiscal transfers, unlike one-sector
TANK or HANK economies featuring nondurables only. Such prediction ultimately de-
pends on how fiscal redistribution shapes the response of durables to monetary inno-
vations. These results call for further research on monetary policy’s direct and indirect

transmission in multi-sector settings with heterogeneous agents.
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Appendix
A TANK economy

Log-linear economy

The TANK economy can be summarized by the following log-linear relationships:

Savers:

Csi = Ficsipr — i (re — Eymesq)

¢ — 0scsy = — [1 = B(1 = 9)] xsxss + B(1 = 0) (Eyqr1 — osEics 1)
¢Sns,t =Wt —05Cs¢

Yx _ Y 1—7D 1-70 Yy
Cst+ y st = v (W + ngy) + e dey + e y_ch,t

1 1-§
est = Gt + 5Tt — ~5 TSit—1

Hand-to-mouth:

¢ —oucgy = —[1 = B(1 = 0)] xarm: + B(1 —0) (Eyqrs1 — onErch 1)
¢H”H,t =Wt —OHCH:

Cat + %QH,t = ;/—C (We +npe) + %dC,t + %%dx,t

1 1-6
€Ht = Gt + 5THt — ~5 THi-1

Production and pricing:

Yjt =Ny, ] = {C, X}

djp = = (we — pje), j = {C, X}

Tje = BEm 1 + Yyrmeg, U5 = (1= 05)(1 = 86;)/0;, 5 ={C, X}
TMCjp = Wy — Pjts, ] = {C, X}

Gt = qt—1 T Tx 1t — Ot

Market clearing:

ng = YTXnX,t + %ndt = Agnmgs + Asnsy
You = € = AuCHy + AsCsy

Yx,o = %ﬂft - 1775551571

Ty = ANHTH: + ATy

Monetary Policy: 34
Tt = OrT + 1y
m=amc:+ (1 —a)mx:

Ve = pylp1 + &/



where w; denotes the real wage expressed in units of nondurables, in percentage deviation

from its steady state, i.e. w; = w; — pey.

Benchmark economy under symmetric sectoral price stickiness

In this case:

4t = Yot = 0. (31)

Thus, by combining the S’s Euler for nondurables and the Taylor rule we obtain

1 1
T = EEﬂTtH - EV# (32)

So that, assuming ¢, > 1 is sufficient to iterate the equation forward and pin down the

rate of inflation:

I /1)’ 1
T = —aEtZ <E> Vits = py_—@fty (33)

As ogscg; = 0, labor supply implies

</>sns,t = Wt (34)

Since ¢gns; = (ni,aggregate inflation is dictated by

= BEimi1 + (g (35)
In llght of Etﬂ-t-i-l = 0, ng = épu—ld)ﬂ‘ 6;/ and
Y Y 1 1
Ef . (36)

Yxit = Y—X?Jt = Y_X@p,, —

Thus, to obtain household-specific durable consumption, we plug household-specific la-

bor supply and equilibrium profits into the budget constraints.
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Flexible prices of durables

From S’s labor supply:

¢S”S,t =Wt —Pxt+ q — 0sCst, (37)

where w; — px; = 0 due to the assumption of flexible prices in the durables sector, and
q: — 0sCg, is approximately null, due to durability. Analogous observations for H lead us
to conclude that ny;, = ng, = n, =y, = 0 and yo; = —%yx,t, in line with Barsky et al.
(2007). Therefore, the following autonomous system obtains under flexible prices in the

durable sector:

Yor = Ewei — X' (1 — Exmogs) (38)
o = BEme i + YeXxyos (39)
Ty = GaToy + 1y (40)

Conjecturing a solution of this type:

Yo = ayly,
Tt = Arli,
Ewei1 = aypui,

Eimeii1 = axpuir,

we obtain
4 — — 1 - pr
Y x(=8p) (1= py) +Yox (¢x —pu)
o - Yo

(1 - 601/) (1 - pV) + ¢o <¢7r - pl/)7
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so that

_ 1— sz/ l
Ve = T Bp) (=) + o Br— ) X ° ()
YC 1- Bpu 1

— U, (42)

P Y (U= Bpy) (1= pu) + b0 (6m — po) X

where oy < 05 implies higher reactiveness of yc; and yx; in either direction (through the
fact that x is a negative function of og — oy ). As for agent-specific consumption, recall

thate, = [1 — Ag (1 — )] csrand ¢; = %MCHJ, implying:

1 _ﬁpu 1
t— = -Vt 43
o (1_6PV) (1_pl/)+wC (¢w_sz) USV ( )
CHt = — L= pr LVt, (44)

(1=8p,) (1 = py) +Yc (¢ — pu) on

so that the sign of the response follows from that of y¢;. Finally, to obtain household-

specific durable expenditure—which expressed in unit of nondurables is defined as ¢; +

%x&t — %ixz,t,l, with z = {5, H}—we turn to the budget constraints. Thus, recall that

Ngy = Ngt = 0, along with dX,t = — (wt — px,t) = —w¢ + qy = 0, and OHCHt = (4t = 05Cs ¢, to
obtain
Y 1-— TD YC
— = - — 1] — 45
€5t |:<YC 1 ) gs } YXCs,t (45)

and, thus, ey ;.

Flexible prices of nondurables

In this case, from S’s labor supply:

¢S”S,t = Wt — 05Cst, (46)
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where w; = 0 due to the assumption of flexible prices in the nondurables sector and
oscst = XYcy- Thus, throughn, = [1 — Ay (1 — ¥)] ng (Where J = j—f{) we obtain

Ny =Yt = _%yC,ta (47)

where ¢ = ¢g[1 — Ay (1 — )], so that

Yx

_ I ] 48
YCC+XYyX’t (48)

Yo, =

Conjecturing

Yo = ayli,
Xt = Qrlh,
Ewei = aypui,

Et7TX,t+1 = Ar PV,

we obtain

1 (1 - Bpu)

(1= Bpy) (1= pv) = ¢xthx’
Ux

(1 - /Bpl/) (1 - pu) - Qbﬂ’wX’

ay = —X

Ar =

Thus
_ (1 — ﬁpu> -1
yC,t - (1 — pr) (1 — py) — (bﬂ'wXX Vg, (49)
_ Yo(+xY (1—-B8p,) -1
P T W) = p) —deux 0

where the response of y¢; (yx ) to v, tends to be positive if the shock is persistent enough
and where, again, oy < og implies higher reactiveness of yc; and yx, in either direction

(through the fact that y is a negative function of og — o). As for agent specific consump-
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tion:

oo (1= Bpu) (1= py) — dathx s " G
S T
cH,t - ) . ¢7T77Z}X O'H Vt? (52)

(1—=5p,) (1 —=p,

so that the sign of the response follows from that of y-;. Finally, to obtain eg; and ey,

_ 9z

we turn to the budget constraints, recalling that dey = —w;, = 0, n,; = SECats dx; =

— (wy — pxy),and opcpy = ¢ = oscsy:

1—7P Yy 1Y Yo
— .S . 53
€St {Us ( 1A Yo b9 YC) ] YXCS,m ( )
1 1—A
EHt = XyX,t - b\ €5,t- (54)

B Durables in the 2-state HANK economy

The 2-state HANK model differs from its TANK counterpart with respect to the fol-

lowing durable Euler equations:

thg,?s = USX;?S +B(1 —0)E, {QSSQtHO;?fl + QSHQtHC;];iIrl} ) (55)
Q:iCyi" = nuXgy" +B(1—0)E; {QHHQt—&—lC];;il + QHSQtHCEffl} : (56)

We can take the two durable Euler equations and write them in compact form as
Y, =AE Y, +BXy, (57)

with

Yt:
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where

A — 5(1—5)[955 Qszar])

OHS OHH
0
B = | .

0 nu
As the two eigenvalues of A, 5(1 — ¢) and (1 — ) (omm + 0ss — 1), always lie within the
unit circle, the system is stationary, and Y, = Z;’ZO ABE, X4 by forward iteration. The
associated eigenvectors are, instead:
_oss—1 ]

org—1 )

E =
1 1

Thus, we can rewrite A as EVE™!, where V =3(1 — d)diag ([1, (ogm + 0ss — 1)]). In light

of this, Y; = > ;7 A‘BE,X;;; can be rewritten as a system of independent equations,
?t = Zzo ViEtit+i, Wlth

Yt == E_lYt
onp — 1 552_—11 QiCsy”
lightofthisgg + 0ss —2 | —1 1 thﬁgH
R R e e
OonH + 055 — 2 —Cg7* +Cyi" ’

EXyi = ET'BEX.,

. 0ss—1
— onm — 1 oHH—1

ong +0ss —2 | —1 1

NsX g *
X"

_ onn — 1 nsXgi® + %UHX;[?;H ‘
omn +0ss =2 | —nsX X +nu X"

40



In extensive form, the two independent equations are:

—0 1 - 0SS ~—¢o - i — 1— 0ss —
Qt (G&ts + 1 CHVtH) = Z [5(1 - 5)] {USXS,?S + 1 nHXH?iH )
— OHH i—0 — OHH

Qi (=Cg7* +Cy7") = [B(1 = 6) (omm + 0ss — 1)]' {—ns X5 + nu X 3"

o

I
o

These two equations establish a direct connection between the average and the gap
between the state-specific shadow values of durables and, respectively, the average and
the gap between the state-specific discounted marginal utilities of the service flow of
durables. To the extent that durables are long-lived enough (i.e., § — 0), but also that
states are persistent enough (i.e., pyy — 1 and ggs — 1), the argument of Barsky et al.
(2007) still applies in the face of temporary shocks, as in this case the future terms affecting
Y, remain nearly constant, i.e. Y, ~ (I — A)*1 BX.

C 3-state HANK economy

C.1 Transition probabilities in the steady state

Let us consider the transition probabilities across three states/islands [S, H, K| and

assume those are governed by the following transition probabilities

0ss OSH OSK
P=| ous own onr |- (58)

OKS OKH OKK

Denote with A = [Ag, Ay, A\g| the share of population within each of the states/islands.
The stationary distribution is found by solving the system of equations AP = A:

Ok r9%ustOrsPrstOnKOKs
Ok OastOksOstOnsOsk Tk tO0sk Ok TOsH 0k s MoK O s O K st OrK OsK
A= 05Ok t0sk 0k t0sr ks 59
- + + + + + + (59)
ks TOrsPastOrsPsk TOsH Ok H sk Ok 05Ok s 1O K Ok s TOHK Qs TP KOsk
OHnsOPsktOrK sy TPk sk
Ok s TOKsPustOrsOsk TOsH Ok H TOsKk Ok T OsH Ok s O K Ok s TOHK CsH TOHK Ok
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C.2 Log-linear economy

Savers:

cst = 0ssbicsit1 + osuEich i1 + 0sx B 1 — % (1 — Eymes1)

qt — 0Cst = — [1—B(1-9)] XL st

+5(1 - 5) [W (EtQtJrl - UEtCS,t+1> + 0sH (EtQt+1 - UEtCH,tJrl)]
nst = wy — 0Csy

Cst + %es,t = y% (W + ngyt) + #dat + #%dX,t

1 1-6
est = Qi + 575 — 5 (05sAsTst—1 + OHSAHTH 1)

Wealthy hand-to-mouth:
@ —ocuy = —[1 = B(1 = 0)] xwm,
+B(1 - 5) [QHS (EtQt+1 - UEtCS,t+1> + W (EtQt+1 - UEtCH,t+1)
¢nH,t =Wt —0CH
Yx _ Y T d TH Yx d
CHi+ v, €Ht = y; (we +npye) + pyrilleNin gl wnl vl (3'e"

1 1-§
€Ht = Gt + 5THL — 5 (OHHAHTH -1 + 0SHASTS1-1)

Pure hand-to-mouth:
¢nK,t =Wt — O0Cky

(wy + )+ id + iY_Xd
Crt = yg Wt T K¢ e YOt T N Yo AXt

Production, pricing and profits:

Yje = e, j={C, X}

rme;y = wy — pjr, §={C, X}

dj, = —rmcjy, j=1{C, X}

T = BEmj i1+ Yyrmese, by = (1= 0;)(1 = 80;)/0;, j =1{C, X}

Gt = Q1+ Txt— o

Market clearing:

Yy Y,
ny = $nxe+ FNce = AuNH + AN + Ashsy

Yo = C = ANHCHt + AKCit + AsCsy

_ 1 1
Yxt = 5 am) Tt 7 saag) P11

Monetary policy:
Ty = Orme + 14
43

m=anc;+ (1 —a)rx,

Vi = pul-1 + &/



C.3 Sectoral dynamics in the benchmark economy

The real wage can be determined as in the TANK economy. Combine the Euler for
nondurables and the Taylor rule to obtain
1 1

Ty = —EﬂTtﬂ -

¢ﬂ_ a Vi, (60)

So that, by assuming ¢, > 1, is sufficient to iterate the equation forward and pin down
the rate of inflation:

1 1\’ 1
T = _EEtgio (a) Vtys = mgtua (61)
Thus, from the NKPC:

1

" (62

Wt =

Take now H’s and S’s budget constraints, and aggregate them, considering that i) cy;, =

1

FWt- Thus,

Cst = qt = 0 and, thus Wt = Wt — Px.t, SO that dC,t = dX,t = —Wy, ll) nsgt = NHt =
multiply both sides of the constraint by 1/(1 — Ax) to obtain

Y As+hm o p

Take now K’s budget constraint, and combine it with cx; = ﬁyqt, N = int — i—f{ngyt —

A _ 1 ..
—i’rLH’t, and ngt = NHt = W

A ¢
Y Ag + Ay Y
= (A -7 2 74 — ;.
Yot Yc< K~ Tg 5 )wt+Y0yt (64)

Consider y, from the definition of aggregate hours, and then combine this with the labor

supply schedule, in each state (recall that ng; = éwt — %CKJ):

1 o
Yt = Wt — 7Ycu-
¢

¢
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Thus, combining the latter with (64):

B Yo 1+¢ 72
B YC¢+YU/\K ( 0 )\K) o

Yot

C.4 Amplification under asymmetric price stickiness

We aggregate the labor supply schedules of households in each of the three states to
obtain the aggregate wage schedule:

ony = wy — 0¢y. (65)

Let us now consider the case of flexible prices for durables. Combine the pure HtM
households’ labor supply with her budget constraint, using d;; = —w,; and recalling that

wx, = 0, to obtain

Wy = (QH_JYLC) e &c (66)
t A+ (A —TR) Y o

Plugging this into the the aggregate wage equation, and relying on y; = n:

B <¢+O’YLC))\K YC
B M +o(Axk—TR) Y

Py Crit — OCt. (67)
This equation is the key to deriving K’s consumption as a function of total nondurable
production. Furthermore, at this stage it is possible to prove the equivalence with the
multiplier in Bilbiie (2020), by simply setting Y = Y. Recall again that (w; — px,) = 0.
Thus, by appealing to K’s labor supply and oycy = ¢ = oscsy, we can show again that
ngy = nsy = 0, so that n, = Agng,. In light of this:

Ak + 0 Ak —1R)] DY + ¢ (AxY — 7RYC)]

Cri =
K, (6+0%) DaY +6 (Y = RYO)] % = 0 i + 6 (e — )] Yo — 0 (kY — 7RY0)]

o
A Yo
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Figure 3: Amplification in nondurable production
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Notes: The figure reports px /A as a function of ¢ and 70 broken line denotes the unitary value. Calibra-
tion: left panel: §x = 0 and 6 = 0.6; right panel: §x = 0.6 and - = 0. Common parameters: symmetric
transition probabilities, c =1, Yo = a =0.75,Yx =1 — Y, 8 = 0.97, 0 = 0.025, ¢, = 1.5.
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(68)

As for the case of flexible prices for nondurables, recall that w, = d¢; = 0. Thus, K’s labor

supply implies ng; = —%c k+ and, her budget constraint:
cY T D YX
1.9 _ TK X
( " YC> DV (9)

In turn, using cg; = ¢k and ¢; = Yo, We can prove that

1L . Ak
Ma+As b Ag+As

- TROOYx 1
U7 0Ye (A + As) + Y (Mg + As) + 7R0dYx Ak

Yot (70)
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