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1 Introduction

Economists have made substantial progress in documenting and modeling the implications of
cross-sectional heterogeneity for policy transmission in disaggregated economies. Recent work
on household behavior has emphasized the importance of heterogeneity in spending propensities
and the incidence of shocks. On the production side, a long tradition of research has documented
sectoral heterogeneity and studied its importance for the propagation of shocks in multi-sector
models. This paper takes as its starting point a set of empirical regularities that point to systematic
linkages between households and sectors at a disaggregated micro level.

Motivated by these stylized facts, this paper proposes a new framework to study and quantify
the implications of household-sector linkages for the transmission of monetary and fiscal policy.
We develop a multi-sector heterogeneous-agent New Keynesian model with an input-output pro-
duction network, which we call the “HANK-IO” model.! Our framework is inspired by both the
burgeoning heterogeneous-agent New Keynesian (HANK) literature (Kaplan et al., 2018; Auclert
et al.,, 2023) and the long tradition of multi-sector business cycle models (Long and Plosser, 1983).
We analytically characterize an as-if benchmark that features a strict decoupling between household
and sectoral heterogeneity. Away from this benchmark, novel earnings and expenditure hetero-
geneity channels may shape the propagation of demand and supply shocks. After disciplining our
model empirically to match the household-sector linkages we document in micro data, we show
that these channels contribute quantitatively to the transmission of policy to aggregates, as well as
the distributional and sectoral consequences of policy.

Our baseline economy departs from a canonical HANK model (Auclert et al., 2023) and
enriches its production side by introducing multiple sectors and input-output linkages (Baqaee
and Farhi, 2020). Households face idiosyncratic uncertainty that leads them to make different
consumption, savings, and portfolio decisions (ex-post heterogeneity). We also allow for permanent
differences in household characteristics or types (ex-ante heterogeneity). In particular, household
types may differ in their preferences over consumption goods and their labor endowments. Pro-
duction in our economy takes place across a rich network of sectors, and we allow for sectoral
heterogeneity across factor and input shares, input-output linkages, competitiveness, and price
rigidity. Our key point of departure from the canonical HANK framework is that we allow for
systematic links between household types and production sectors in terms of both earnings and

expenditure patterns. We discipline these household-sector linkages empirically using micro data.

As-if benchmark. We begin our analysis with an instructive as-if benchmark to illustrate concep-
tually under what conditions household-sector linkages may play a role for policy transmission.
Our as-if benchmark assumes that all households share the same homothetic preferences over

consumption goods and there is a single labor factor. Under these two assumptions, there is no

L We choose this name in memory of the late Emmanuel Farhi whose work with David Baqaee on heterogeneous-
agent economies with input-output production networks (“HA-IO") has inspired this paper (Baqaee and Farhi, 2018).



role for earnings or expenditure heterogeneity as households are symmetrically exposed to price
inflation and changes in labor demand. Our first result is that the HANK-IO model features a
strict decoupling between household and sectoral heterogeneity under these two assumptions. We
show that the macroeconomic dynamics of our as-if benchmark admit an intertemporal IS-LM
representation as a system of two forward-looking equations: a dynamic IS curve that determines
output as a function of the time path of real interest rates, and a dynamic LM curve that pins down
real interest rates as a function of future aggregate demand. The dynamic IS curve is shaped by
household but not by sectoral heterogeneity: Given a path of real interest rates, it takes the same
form as the IS equation of a canonical one-sector HANK model. Conversely, the dynamic LM
curve is shaped by sectoral but not by household heterogeneity: It maps a given path of aggregate
demand to the same path of real interest rates as a canonical representative-household multi-sector
model. The as-if benchmark therefore highlights that household and sectoral heterogeneity are
decoupled in this sense in the absence of earnings and expenditure heterogeneity.

Monetary and fiscal policy transmission in the as-if benchmark is characterized by an Intertem-
poral Keynesian Cross. When the monetary authority adopts a rule that neutralizes real interest rate
effects, fiscal policy transmission is governed by the same Keynesian multiplier as in the one-sector
HANK model of Auclert et al. (2023). Intertemporal marginal propensities to consume (iMPCs)
remain a sufficient statistic for the output effects of government spending. This result obtains
in spite of substantial sectoral heterogeneity that is masked by the dynamic LM equation. For a
given path of real interest rates, the aggregate fiscal multiplier is therefore unaffected by sectoral
heterogeneity and, in fact, identical to that in any HANK economy that admits the same IS curve
representation.

Likewise, for a given change in the path of real interest rates, monetary policy transmission is
solely governed by household heterogeneity. The sufficient statistics for policy are again identical to
those in a one-sector HANK economy. Sectoral heterogeneity does, however, affect the transmission
from nominal to real rates, which is governed by the LM curve. Our result shows that once the
monetary authority has implemented a desired path of real rates, the production network structure
of the economy no longer matters for policy transmission—the path of real rates is a summary
statistic for the effect of monetary policy on aggregate activity. These results are manifestations of
our decoupling result under the IS-LM representation: Demand shocks interact with the IS curve
and are shaped by household but not by sectoral heterogeneity.

Finally, we unpack the LM curve and derive an aggregation result that traces the macroeco-
nomic effects of sectoral technology shocks in our as-if benchmark. We decompose the impact on
real GDP into a pure technology effect—accounting for increased productivity of resources at a
given allocation—and changes in allocative efficiency—summarizing the effects on output from a
reallocation of resources across firms and workers. Remarkably, our aggregation result for the as-if
benchmark is identical to that of Baqaee and Farhi (2020). This is despite our economy featuring rich

and dynamic household heterogeneity, whereas theirs is a static representative-household setting.



For given changes in markups and factor shares, the aggregate consequences of microeconomic
technology shocks are not directly shaped by household heterogeneity. In other words, changes
in sectoral markups and the labor income share are sufficient statistics for the implications of

household heterogeneity.

The role of household-sector linkages. Away from the as-if benchmark, household-sector link-
ages shape the transmission of policy and shocks through novel earnings and expenditure hetero-
geneity channels. Our next analytical result characterizes an Intertemporal Keynesian Cross for
monetary and fiscal policy away from the as-if benchmark. When households supply different
labor factors, an earnings heterogeneity channel emerges. It is captured by a cross-sectional covariance
across household types between iMPCs and changes in households’” earnings shares. Earnings
heterogeneity amplifies the aggregate effects of policy when it leads to a redistribution of income
shares to factors (and in states of the world) with large spending propensities.

When households consume different consumption baskets, an expenditure heterogeneity channel
emerges that comprises two distinct effects. A change in the price path of a household’s basket
elicits income and intertemporal substitution effects. If relative prices increase for households
(and in states of the world) with large spending propensities, then the resulting drop in their
effective purchasing power leads to a fall in aggregate consumer spending. This effect is captured
by a covariance across household types between iMPCs and changes in relative bundle prices.
Moreover, when households experience different rates of inflation in their respective bundle prices,
then their effective real rates of return on savings differ as well. The expenditure heterogeneity
channel of policy then also comprises a covariance across households between their relative rates
of inflation and intertemporal interest rate response elasticities. Intuitively, if relative real savings
rates increase for those household types that have large intertemporal elasticities of substitution,
then the aggregate effect of policy is dampened.

Finally, we derive an aggregation result for sectoral technology shocks. Unlike in the as-
if benchmark, gains from allocative efficiency are now shaped by household-sector linkages.
Expenditure heterogeneity has implications for allocative efficiency because changes in purchasing
power affect household labor supply and consequently firms’ cost structure. This new force
is governed by a covariance across household types between factor shares and changes in the
relative price of households” consumption baskets: If consumer prices increase especially for
those households whose labor factors have large cost-based Domar weights, then output falls
and allocative efficiency deteriorates. Intuitively, when the price of a household’s consumption
bundle increases, a given nominal wage has less purchasing power and the real wage falls. If
prices increase for households whose factors play a dominant role in firms’ cost structures (large
cost-based Domar weights), then output falls. Crucially, the relevant covariance is with respect
to cost-based factor shares because markups drive a wedge between prices and marginal costs.

Earnings heterogeneity also shapes the transmission of technology shocks to allocative efficiency.



When the overall income share falls, households receive less labor income, which elicits a positive
labor supply response and increases output. Heterogeneity in factor share responses can amplify
or dampen the resulting change in allocative efficiency. When factors with the largest cost-based
Domar weights experience a relative decrease in their income share, then resources are reallocated
towards the more monopolized and distorted sectors. The strength of this effect is governed by
households’ labor supply elasticities.

Our results point to an important conceptual distinction between demand and supply shock
propagation in HANK-IO. What matters for the aggregation of sectoral technology shocks—in
particular their transmission through changes in allocative efficiency—are covariances with respect
to cost-based factor shares. Gains from allocative efficiency result from a reallocation of resources to
relatively more distorted and monopolized sectors. The cost-based factor share precisely captures
those markups that drive a wedge between prices and marginal costs, and it is the appropriate
measure to capture whether resources find more productive uses. The transmission of monetary
and fiscal policy (demand) shocks, on the other hand, is determined by covariances with respect
to iMPCs. Intuitively, demand propagation is governed by spending propensities in response to

changes in income and prices.

Empirical and quantitative analysis. Drawing in parts on existing and novel results, we doc-
ument empirical regularities that speak to systematic linkages between households and sectors
at the micro level. On the expenditure side, higher-income households spend relatively more
on sectors that (i) have higher labor but (i7) lower capital shares, and (i) are more central in the
investment network. Middle-income households spend relatively more on sectors that (iv) have
high intermediates shares, (v) are more flexible, (vi) are more network-central, (vii) have lower
markups, and (viii) have a higher government spending share. On the earnings side, we show that
higher-income households earn relatively more from sectors that (i) have higher intermediates and
(i1) capital shares but (iii) lower labor shares, (iv) are less price rigid, (v) are more network-central,
(vi) have lower markups, (vii) a higher government spending share, and (viii) a higher investment
share. While these empirical regularities point to a potential role for the interaction of household
and sectoral heterogeneity in the propagation of shocks, we currently lack a framework to assess
their quantitative importance.

To match these empirical regularities on household-sector linkages, we develop a quantitative
model that enriches our analytical framework along two dimensions, introducing capital as an ad-
ditional production factor and nonhomothetic CES consumption preferences. Allowing households
to trade a second, illiquid asset is important to match the intertemporal marginal propensities to
consume that govern the new earnings and expenditure heterogeneity channels of policy. Explic-
itly modeling capital formation also allows us to capture the concentrated investement network
documented by Vom Lehn and Winberry (2022). Finally, estimating a nonhomothetic CES demand

system allows us to match empirical expenditure patterns across the income distribution (Comin



etal., 2021). We calibrate our model to match the income and wealth distribution of households, key
moments of sectoral heterogeneity across a 22-sector production network, and the household-sector
linkages we document empirically.

Our quantitative analysis yields four main results. First, sectoral heterogeneity amplifies mone-
tary and fiscal policy transmission relative to a benchmark HANK model with a single sector. As in
prior work on multi-sector RANK economies (Pasten et al., 2017; Rubbo, 2023), this amplification is
primarily driven by heterogeneous price rigidities across sectors and the input-output network.
Second and in contrast to this first result, household-sector linkages dampen the aggregate effects
of monetary and fiscal policy (by 31% and 29%, respectively). Our quantitative HANK-IO frame-
work thus yields a new perspective on the implications of sectoral heterogeneity: While sectoral
heterogeneity in price rigidities and input-output linkages amplify policy transmission, accounting
for household-sector linkages in models with both household and sectoral heterogeneity dampens
it. Third, the aggregate on-impact multiplier of targeted fiscal policy is 6% larger than that using
empirically observed expenditure weights. Finally, household-sector linkages have distributional

implications and imply substantial dispersion in the incidence of policy transmission.

Related literature. Our paper builds on much previous work that has documented and studied
the implications of household and sectoral heterogeneity.

Sectoral heterogeneity. We contribute to a long tradition of research on the transmission and
propagation of shocks in multi-sector business cycle models. Starting with Long and Plosser (1983),
much work has employed structural real business cycle models to assess quantitatively whether
sectoral technology shocks can account for observed business cycles patterns.> An important
strand of this literature characterizes the aggregation properties of these models.® It has long been
appreciated that Hulten’s theorem applies to first order in frictionless competitive economies, and
the aggregation of sectoral shocks is governed by sales shares (Domar weights). This literature has
recently been reinvigorated with renewed focus on misallocation and potential gains in allocative
efficiency in inefficient economies with distortions.* In an important contribution, Bagaee and
Farhi (2020) derive an aggregation result for inefficient multi-sector economies. See Baqaee and
Rubbo (2022) for a recent review.

Another strand of the multi-sector business cycle literature introduces nominal rigidities
in the New Keynesian tradition.” Many of these papers investigate the implications of sectoral

heterogeneity and input-output linkages for monetary policy and inflation dynamics. Baqaee et al.

2 Among many others, see Bak et al. (1993), Horvath (2000), Foerster et al. (2011), Atalay (2017). While these papers
focus on sectoral input-output linkages, recent work by Vom Lehn and Winberry (2022) studies the role of the investment
network in propagating sectoral shocks.

3 See for example Hulten (1978), Horvath (1998), Dupor (1999), Gabaix (2011), Acemoglu et al. (2012), Carvalho
and Gabaix (2013), Acemoglu et al. (2017). Also see Carvalho (2014) and Carvalho and Tahbaz-Salehi (2019) for recent
surveys.

4 See Restuccia and Rogerson (2008), Hsieh and Klenow (2009), Midrigan and Xu (2014), Baqaee and Farhi (2019),
Liu (2019), Bigio and La’O (2020), Dévila and Schaab (2023), and many more.

5 See among others Aoki (2001), Bouakez et al. (2009), Pasten et al. (2017, 2020), and Baqaee et al. (2021).
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(2021) show that monetary policy can have supply-side effects and operate through a misallocation
channel when policy redirects resources towards more monopolized sectors. Rubbo (2023) studies
a general multi-sector representative-agent New Keynesian model and shows that sectoral and
aggregate Phillips curve slopes decrease in intermediate input shares. She shows that a divine
coincidence price index provides a better fit in Phillips curve regressions than consumer prices.

Relative to existing work, we develop a dynamic structural model featuring rich heterogeneity
across both households and sectors. We emphasize the role of systematic household-sector linkages
observed in micro data that give rise to novel transmission channels. Analytically, we derive
an Intertemporal Keynesian Cross to characterize monetary and fiscal policy in the presence of
household-sector linkages, and we extend the aggregation result of Baqaee and Farhi (2020) to a
multi-sector heterogeneous-agent New Keynesian model. Quantitatively, we assess the importance
of earnings and expenditure heterogeneity for policy transmission.

Household-sector linkages. Our paper contributes to research studying the interaction of house-
hold and sectoral heterogeneity. Indeed, we take as our starting point and motivation the large
body of empirical work that studies earnings and expenditure heterogeneity across households.® A
strand of this literature explicitly documents systematic household-sector linkages through earnings
and expenditure patterns.” Relative to this empirical literature, we document several new empirical
regularities on household-sector linkages. Our main contribution is to develop a structural model
that matches these facts and to establish the quantitative importance of household-sector linkages
for policy transmission.

Our paper is naturally related to a small but growing body of research that studies disaggre-
gated economies featuring both household and sectoral heterogeneity, starting with Baqaee and
Farhi (2018).% The contribution of our paper is to develop a dynamic structural framework that is
apt for quantitative analysis. We leverage the sequence-space representation of our model to obtain
analytical results even though our economy features rich and dynamically evolving heterogeneity.

HANK. The burgeoning HANK literature studies the implications of household heterogeneity
for business cycles and policy transmission.” Our contribution is to unbundle the production side
and introduce sectoral heterogeneity to this literature. We extend the Intertemporal Keynesian

Cross (Auclert et al., 2023) to an environment with rich sectoral heterogeneity and characterize the

6 See among many others Kaplan and Schulhofer-Wohl (2017), Jaravel (2019), Cravino et al. (2020), Jaravel (2021),
Comin et al. (2021), and Andersen et al. (2022).

7 Cravino et al. (2020) and Clayton et al. (2018) show that higher-income households spend in and earn from relatively
price-rigid sectors. Hubmer (2023) documents that high-income households spend in sectors with higher labor shares.
Jaravel (2019) shows that high-income households spend in sectors with higher markups.

8 Most of these papers study the propagation of shocks in static environments (Flynn et al., 2022; Guerrieri et al.,
2022; Andersen et al., 2022). Clayton et al. (2018) assess the importance of heterogeneity in price rigidity across sectors,
also emphasizing the importance of earnings and expenditure heterogeneity. Yang (2022) computes optimal monetary
policy in a HANK model where inflation has redistributive effects through households’” consumption baskets, nominal
wealth positions, and earnings elasticities to business cycles. Bellifemine et al. (2022) characterize an Intertemporal
Keynesian Cross in a HANK economy with regional heterogeneity.

? Important contributions include, among many others, McKay and Reis (2016), McKay et al. (2016), Kaplan et al.
(2018), Auclert (2019), and Auclert et al. (2023).



implications of household-sector linkages. Monetary and fiscal policy transmission is governed by

earnings and expenditure heterogeneity channels, as well as a supply-side misallocation channel.

2 A Baseline HANK-IO Model

In this section, we develop a new multi-sector heterogeneous-agent New Keynesian framework
with input-output linkages, which we call the “HANK-IO” model. Time is discrete and indexed
by t € {0,1,...}. We abstract from aggregate uncertainty and focus on one-time, unanticipated
shocks.!” Our model features heterogeneous households and multiple sectors. The economy is
populated by a continuum of households of different types, indexed by i € Z = {1,...,I}. Each
has mass y; with }; y; = 1. There are N production sectors, indexed by j € J = {1,..., N}, each
producing a distinct good. Households purchase consumption goods from and supply labor across
these sectors.

Households differ in their permanent characteristics (ex-ante heterogeneity across types), and
they face idiosyncratic uncertainty that leads them to make different consumption, savings, and
portfolio decisions (ex-post heterogeneity within type). Our description of household behavior for
a given type i is deliberately close to Auclert et al. (2023). We depart from the canonical HANK
model by unbundling the aggregate production function and allowing for systematic links between
household types i and different production sectors j—in terms of both earnings and expenditure

patterns. We later discipline these household-sector linkages empirically using micro data in Section 4.

2.1 Households

The preferences of a household of type i are ordered according to

£ 51 fe )~ ().

where c;j; denotes the household’s consumption of good j and N;; denotes hours of work, deter-
mined by union demand as specified below. Households of type i are endowed with and supply a
distinct labor factor, which we refer to as factor i. Preferences are separable across time and between
consumption and work. They can vary across household types but not across households within a
type. Consumption preferences are encoded in a homothetic aggregator. Abusing notation slightly,
consumption utility can be written as u;(c;;), where c¢;; = Dj(cj1y, - .., cint) is an aggregator index

of real household consumption.

10 Following Auclert et al. (2021a), we consider perfect foresight impulse responses to shocks around a steady state
without aggregate risk. Linearizing with respect to these shocks uncovers the same impulse responses as in the model
with aggregate risk by certainty equivalence.



Households can trade a single asset, a bond, and face a budget constraint of the form

Y piscijs+ Pibip = (1+i)P_1biy 1 + Ejy,
j

where b; ; denotes the household’s bond position at time ¢, P; is the price at which bonds trade, p; ;
is the price of good j, and i; is the nominal net rate of return on bonds between periods t — 1 and
t. The household’s post-tax non-financial income is E;; = T (zi,tWi,tNi,t + Zi,tCth)- It comprises
labor earnings z; ;W; ;N; ;, where W;; is the nominal wage paid to factor i, and corporate dividends
zi 1Cil1;, where I'l; denotes aggregate corporate profit and ; is type i’s profit share. Non-financial
income is taxed at rate 7;. Households face idiosyncratic income risk captured by the productivity
shock z; ;, which follows a first-order Markov chain and has mean 1.!!

We write the household’s problem recursively in terms of real wealth, adjusting for purchasing
power. Since D;(-) is a homothetic aggregator, there exists an ideal price index P;; for households
of type i, with Piciy = }.; pjrcij¢. Given a bond position b, we define real wealth as a = %b A

household of type i with wealth 4 and labor productivity z at time t solves the dynamic problem

Vit(a,z) = max ui({cijlt}j) - U(Ni,t) + BiE; [Vz‘,tﬂ(a’, z/)} (1)

{cij}j @

Ei(z) pjt
t d =R 22y Dt
s ! i+ P Z P, it

’

a >a

where V;;(a,z) denotes the household’s lifetime value at time ¢. Adjusting for purchasing power,
the household’s real rate of return on savings is R;; = (1 + i) % Finally, households are subject
to a borrowing constraint on real wealth.'?

The budget constraint of problem (1) highlights the sources of earnings and expenditure
heterogeneity in this model. Nominal labor income zW; ;N; ; will differ across household types
insofar as labor factors are compensated differently and production sectors exhibit different factor
intensities. Changes in relative earnings elicit a pure income effect. There are two separate sources
of expenditure heterogeneity. First, non-financial income E;; is deflated using the household’s
price index P; ;. Holding fixed nominal income, an increase in a household’s relative bundle price
implies a fall in purchasing power. This is also a pure income effect. Second, when households face
different rates of inflation % in their consumption bundles, they perceive different real rates of

return on savings R;, eliciting both income and substitution effects.

11 Rebating corporate profits in proportion to labor productivity z; ; affords us analytical tractability, as in Auclert
et al. (2023). We can allow for a more general dividend ownership structure at the expense of some expositional clarity.

12 Representing the household problem in terms of wealth a instead of bonds b is without loss. Specifying the
borrowing constraint in terms of purchasing power adjusted wealth, however, is a substantive assumption. This ensures
that price changes do not change households’ effective risk-sharing capacity, which would introduce a distinct source of
non-homotheticity.



Aggregation. Households are uniquely identified by their type i, wealth 4, and labor pro-
ductivity z. We denote the joint density at time ¢ by g;;(a,z), which we also refer to as the
cross-sectional distribution. Aggregate household demand for good j is then given by C;; =

Yo Mi ff Cijt (a, Z)gi,t (a,z)dadz.

Labor unions. Household labor supply decisions are intermediated by labor unions (Erceg
et al., 2000; Auclert et al., 2023). We allow for flexible nominal wage adjustments but maintain
the standard assumption of labor rationing: all households of type i work the same hours N; ;.
Appendix A.1 presents a self-contained treatment of our model’s labor market structure and shows

that it gives rise to a labor supply schedule for factor i

wi i (Ciy), (2)

where € is the elasticity of substitution that governs unions’ desired markup of real wages

Wi = Vg“: over marginal rates of substitution. It is a measure of monopsony in the labor market.
Here, C;; denotes aggregate consumption of all households of type i.
2.2 Production with Input-Output Linkages

Our economy comprises N production sectors. Each sector comprises a retailer and intermediate
tirms whose dynamic pricing problem gives rise to sectoral Phillips curves, analogous to the

standard New Keynesian model.

Retailer. Each sectoral good j is bundled by a retailer using varieties k from a continuum of

monopolistically competitive firms according to a CES aggregation technology,

y]t— </ y]k] dk) 7

with elasticity of substitution €;. The retailer’s demand for inputs from firm k in sector j is given by

Pijk.t ) -
- . 3
Yik,t ( Pis Yit 3)

where pjy ; is the price of firm k, and p;; is the price of sector j’s bundle, which we simply refer to

as “good j” going forward.

Dynamic pricing decision. Each firm k in sector j faces a Rotemberg (1982) adjustment cost when
changing its price, which is given by %(%

rigidity and may vary across sectors. The firm’s problem is to maximize the net present value of

—1)?p; +y;+- Here, x; governs the degree of nominal



profits net of adjustment costs subject to demand (3). It gives rise to the set of linearized sectoral

Phillips curves

:[‘,f :I',t—i-l ]IlC"t ’
! ! X\ €
that CharaCteriZe the price dynamics in sector j, Wlth 7[]‘,t = pf’t]il —1. The Sectoral Phllhps curves (4)

express current inflation in terms of (expected) future inflation and current real marginal cost mc; ,
which we specify below. In a zero-inflation steady state, markups are ;—il and may vary across
sectors.

In our derivation of sectoral Phillips curve, we leverage symmetry across all firms within a
sector: With Rotemberg adjustment costs, all firms in a sector remain symmetric ex post as long as
they are all initialized with the same price pjx, 1 = pjr,—1. We maintain this assumption throughout
the paper. Symmetry within sectors allows us to represent the entire production structure of the
economy at the sectoral level. We proceed as if production decisions in sector j were taken by a

representative firm, taking as given the evolution of sectoral prices in accordance with (4).

Production structure. Goods in sector j are produced using a constant-returns technology repre-

sented by the sectoral production function

= (s} () 0

where Aj; is a Hicks-neutral technology shifter, and xj ; and Nj;; denote firm j’s uses of intermedi-
ate inputs from sector k and labor factor i. Sectoral profit is total revenue net of operating expenses,
that is

Iy = pisit — Y PitXjke — Y WiiNiiy = pjsvie — Cis
k i

where we denote by C;; the sector’s total cost.The real marginal cost of sector j is then given by

C;
mejy = 1" (6)
assuming constant returns. It is a function of technology and prices (A, { pit }x, { Wi }i)-

2.3 Monetary and Fiscal Policy

The monetary authority sets the path of nominal interest rates. We consider several policy rules,
further specified below, that relate an exogenous monetary policy shock {6; };>¢ to nominal interest
rates.

The fiscal authority sets an exogenous path for sectoral government spending {G; };>0 and
tax revenue {T;};>0. Aggregate government spending is a homothetic aggregator of sectoral

expenditures given by G; = G({G;};) associated with a price index Pg. Fiscal policy may be

10



debt-financed, subject to an intertemporal budget constraint that ensures fiscal sustainability. The

government issues debt in the bond market and its debt position B; evolves according to

Ty + PiBy = (1 — i) P_1Bi—1 + ) pjsGjs- ()
]

To raise desired revenue T}, the government sets tax policy 7; according to
Ty = Zﬂi //(1 —T) <Zwi,th',t + ZHt)gi,t(a,z) dadz. (8)
i

2.4 Markets and Equilibrium

Equilibrium requires that the markets for each sectoral good j, for each labor factor i, and for bonds

clear. Goods market clearing in sector j requires that total production be equal to total use,
N
Vit = Cip + ) Xijs +Gjy, ©)
k=1

where Cjy = Y [[ ciji(a,2)gi(a,z) da dz denotes total consumption and YN, xij+ total production
use of good j. Labor markets clear when hours worked by households of type i are equal to firms’

labor demand for factor i,
uiNiy =Y Njis. (10)
j

Finally, the bond market clears when the net bond position of the household sector is equal to the

government’s outstanding debt, that is

Z// %agi,t(a,z) dadz = B;. (11)
i t

Definition (Competitive Equilibrium). Given a symmetric initial price distribution p; 1, initial
government debt B_q, and an initial cross-sectional distribution g; _1(a,z), and taking as exogenously
given paths for sectoral technology {A;;} as well as monetary and fiscal policy {6, Gy, Ty} satisfying
(7) and a monetary policy rule (below), the competitive equilibrium of the HANK-IO model consists of
sequences of prices {r1, pj, Pis, Wi}, sectoral allocations {y;+, Xk, Nji 1, 11+ }, individual allocation rules
{cijs(a,z),a;4(a,z), N;s}, and cross-sectional distributions {g;(a,z)} such that: households optimize,

unions optimize and labor is rationed, firms optimize, and markets clear.

2.5 GDP, Network Objects, and iMPCs

To conclude our description of the model, we introduce several accounting objects, as well as

sufficient statistics that govern our analytical results in Section 5.
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GDP, aggregate inflation, and monetary policy rules. Nominal GDP is the sum of all expenditures

on goods for final use, that is

nominal GDP = Y}' = Z pit(Cit + Gjp)-
j

Final expenditure shares are then defined as the share of a good j in nominal GDP,

PitCit + pjtGi
b]‘/t — n .
Yt

Defining aggregate real GDP in levels is conceptually ambiguous since our environment features
heterogeneous households and expenditure heterogeneity. We instead characterize our results in

terms of changes in real GDP, using the standard Divisia index definition

d log Yt = Z bj,tXCj,td log Cj,t + Z bj,tXG]',td log G]',t,
j j

G G; . . . .
where xcj: = (:],%rcﬂ and xgj: = <, ‘i]”ij,t are the shares of private and public expenditures in the

consumption of good j. Changes in the GDP deflator are similarly defined as

dlog P, =) _bj,dlogp;,,
j

so that dlog Y} = dlog Y; + dlog P;. We define inflation in the GDP deflator around a zero-inflation
steady state as d7r; = dlog Py — dlog P;_1. The usual Fisher relation then defines changes in the real
interest rate as dr; = di; — dr; to first order.'

Given these measures of changes in real GDP and prices, we study two alternative mone-
tary policy rules. Under a standard Taylor rule, the monetary authority responds to exogenous

perturbations to first order by setting
dif = 4)7-[d7Tf + (Pyd log Yt +d IOg 9t/ (12)

where d log 6; is an exogenous monetary policy shock.'* As is now standard in the HANK literature
(Auclert et al., 2023), we also consider an alternative policy rule that stabilizes the real interest rate,

dr; = 0, in response to exogenous perturbations. We refer to this as the “constant-real-rate rule”.

13 With slight abuse of notation, we abbreviate dlog(1 + i;) as di; and dlog(1 + r¢) as dr¢. Around a zero-inflation
steady state, dlog(1+ ;) = dr; to first order.

* In an economy with a representative household that has homothetic preferences, policy rule (12) would be
equivalent to a standard Taylor rule in levels, 1 +i; = (1 + 1’55)(%)4’7T (%)% 6;, where P; denotes the ideal price
index of the representative consumer, Y; is real GDP defined using P;, and 7ss and Yss denote the real interest rate and
real output in the deterministic zero-inflation steady state.
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Domar weights, income shares, and relative price inflation. We define the revenue-based Domar

weight or sales share of sector j as
s — PitYijt
it 7

As in Bagaee and Farhi (2020), the vector of Domar weights also satisfies A; = ¥}b;, where b, is
the N x 1 vector of final expenditure shares and ¥; = (I — ();) ! is the N x N standard Leontief

inverse matrix. Here, (); is the standard (revenue-based) intput-output matrix, with Qi = %.

We also define cost-based Domar weights as A; = ¥,b;, where ¥; = (I — );) ! is the cost-based
. ~ . . . oy dlog C;

Leontief inverse. Here, (); is the cost-based intput-output matrix, with Qi = %.

An important measure of earnings heterogeneity is the non-financial income share of house-

holds of type i, which we define as

Wi iN;; + C11;

Ny = %

which is the sum of factor i’s income share in nominal GDP and its ownership share ¢;. Notice that
E;Ai; = 1,s0 A;; is a cross-sectional dispersion measure of households” non-financial income.

Finally, we introduce relative price inflation as a measure of expenditure heterogeneity. We
define

dlogpi; = dlogP;; — dlog P,

as the change in household type i’s relative price (over the GDP deflator) in response to a shock.
Similarly, we define

dm;; = dlogpi; —dlogp;i—1

as relative price inflation faced by households of type i.

Aggregate consumption function and intertemporal MPCs. Only two aggregate sequences
matter for the household’s dynamic optimization problem (1): the type-specific rate of return
R; = {R;s}2, onsavings, and e; = {e;s}>, where ze;; = Z%Tth”Ai,t denotes nominal post-tax
income adjusted for purchasing power for a household of type i with labor productivity z at time
t. Aggregating households” consumption policy functions then yields an aggregate consumption

function of the form

Cit = Ciy ({Ri,szei,s}:ozo)/ (13)

which maps the sequences R; and e; to aggregate consumption of households of type i.'?
Following Auclert et al. (2023), we linearize (13) around the deterministic steady state of our
economy. We consider bounded perturbations in the exogenously given sequences {dA;};,d6,dG,dT ¢

¢, where for example d0 = {d6,}2 ,, and assume that the aggregate consumption function

15 Intertemporal consumption functions of the form (13) are also used in Auclert et al. (2023), Kaplan et al. (2018),
Auclert et al. (2021a), and many other papers. We use bold-faced notation in this context to denote infinite-dimensional
sequences that are elements of /*°, the space of bounded sequences with the sup norm.
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(1) iMPC: Over Time (2) iMPC: Across Types
071 Ir
I Model I Model

Wage Percentile

Figure 1. iMPC: Model and Data

Note. We compare the iMPC generated by the model and the data. The blue bar charts in panel (1) show the annual iMPC
over time. We first calculate the quarterly iMPC bsy type as gllgg g‘l’ after an income shock at impact ¢t = 1. The annual
iMPC is calculated according to [E; %3:1 (H—Lr*) aall‘())i Sii,]s . The data in red dashed line in panel (1) is reconstructed
using Auclert et al. (2023) Figure 1. The blue bar charts in panel (2) show the first year iMPC of different household

types. We compare them with the data from Auclert et al. (2021b) Figure 7.

Ci 1 £ x > — [ is Fréchet-differentiable. We collect its partial log-derivatives in two matrices,
M; and M, with elements

_ 0dlogC;;

= and M, = 9logCiy
dloge;

its — alog Ri,s . (14)

its

M; and M are sequence-space Jacobians. We refer to M; ;s and M;

., .
i 1s as type ’s average intertempo-

ral marginal propensity to consume (iMPC) and interest rate response elasticity.

Figure 1 illustrates iMPCs over time and across household types for a calibration of our
baseline model that we discuss in Section 4. We compare model-implied iMPCs against empirical
measures presented in Auclert et al. (2023) and Auclert et al. (2021b). Our model is calibrated to
match the distribution of at-impact iMPCs across household types at steady state but also matches

the shape of iMPCs over time as an untargeted moment.

3 Analytical Results

This section presents our analytical results. In Section 3.1, we develop a novel neutrality result by
characterizing an as-if benchmark in which household and sectoral heterogeneity are decoupled.
Away from this benchmark, novel earnings and expenditure channels govern the transmission

of monetary and fiscal policy as we show in Section 3.2. Finally in Section 3.3, we develop an

14



aggregation result for sectoral shocks in HANK-IO.

Our results in this section characterize first-order perturbations around a deterministic station-
ary equilibrium with zero government spending, Gss = 0, where we use s subscripts to denote
variables in steady state. We also assume that the consumption aggregators of households and the
government, D;(-) and G(-), are of the homothetic CES form.Our results make reference to two
instructive comparison benchmarks that are nested by the model of Section 2. We briefly describe

these now.

Heterogeneous-agent New Keynesian model (“HANK”). Our multi-sector model nests a canoni-
cal heterogeneous-agent New Keynesian model with a single production sector, N = 1, and a single
labor factor, which we refer to as the “HANK benchmark”. With a single good, all households face
the same price index P;; = P; = p1;, which is also equal to the price at which the good is sold by
retailers. Similarly with a single labor factor, all households work the same hours, N;; = N;. We
present this model in detail in the appendix and show there that it admits an aggregate consump-
tion function C; = CHANK({R, 7,Y;}% ). Combining it with the goods market clearing condition
yields

Y; = CHANK(IR,, .Y, }2,) + Gr. (15)

Equation (15) represents a fixed point in output, mapping sequences of real interest rates R and
exogenous fiscal policy (T, G) to a path for output Y. It is akin to the dynamic IS equation of the
standard New Keynesian model, except that CHANK(.) captures rich household heterogeneity.

Multi-sector representative-agent New Keynesian model (“RANK-IO”). The model of Section
2 similarly nests a canonical multi-sector representative-agent New Keynesian model, which we
refer to as the “RANK-IO benchmark” (Bouakez et al., 2009; Pasten et al., 2020; Baqaee et al.,
2021; Rubbo, 2023). With a representative household, there is only one labor factor and a single
consumption price index P;. Aggregate consumption satisfies a standard Euler equation of the
form 1/ (C;) = BRs+11'(Ci11). Finally, we show in the appendix that any competitive equilibrium

of this benchmark satisfies the fixed-point equation
Ry = RIANCIO({YG; Gy, 05, A5 }E20)- (16)

Equation (16) captures a fixed point in the path of real interest rates. It maps sequences of output Y
and exogenous shocks (G, 8, {A;};) to the path of real interest rates R. Its interpretation is that of a
dynamic LM equation: Just like its static counterpart maps output to the real interest rate in the
standard IS-LM model, equation (16) maps an infinite-dimensional sequence of output to a time

path of real interest rates.
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3.1 An “As-If” Benchmark

We start our discussion of policy transmission in the HANK-IO model by considering an instruc-
tive as-if benchmark that obtains when we shut down earnings and expenditure heterogeneity
across types. The as-if benchmark highlights starkly under which conditions the interaction be-
tween household and sectoral heterogeneity matters and household-sector linkages affect policy

transmission. Formally, we make two assumptions in this subsection.

Assumption Al. The consumption preferences of all household types are represented by the same

homothetic consumption aggregator. That is, u;(-) = u(-) and D;(-) = D(-).

Under assumption Al, all households aggree on the same consumption bundle price index, which
we denote by P;; = P;. There is no dispersion in relative prices or relative price inflation. This also

implies an unambiguous definition of real GDP in levels, Y; = Y}'/P;.
Assumption A2. Households are endowed with a single labor factor, and ; = ¢ for all i.

Under assumption A2, households of all types work the same hours, which we denote N;; =
N, and face the same nominal wage, W;; = W;. Similarly, ownership of corporate equity and
consequently dividend flows are uniform across households. There is consequently no earnings
heterogeneity and A;; = Ay = 1.

Importantly, assumptions Al and A2 do not shut off either household or sectoral heterogeneity.
Households still differ in terms of labor productivities and wealth. Likewise, the N production
sectors are still heterogenous with respect to their production functions, labor shares, price rigidities,
and markups. And there is still a rich network of production input-output linkages. However, our
first result shows that household and sectoral heterogeneity are decoupled under assumptions Al
and A2.

Proposition 1 (As-If Benchmark). Under assumptions Al and A2, any competitive equilibrium of the
HANK-IO model satisfies the system of intertemporal equations
Y = CHANK(R, TY) 4+ G (17)
R = RRNKIO(y; G0, A)), (18)
where TY = {T;Ys}2,. Equations (17) and (18) map exogenous sequences (t, G,{A;};) to paths for
output Y and real interest rates R.
Our as-if benchmark features a complete decoupling between household and sectoral heterogeneity

in the following sense: Household heterogeneity only matters for the determination of aggregate

16



demand Y, while sectoral heterogeneity only affects the determination of real interest rates R.

Under assumptions Al and A2, the HANK-IO model’s competitive equilibrium admits an
intertemporal IS-LM representation as a system of two forward-looking equations: the dynamic
IS curve (17) and the dynamic LM curve (18). According to Proposition 1, the dynamic IS curve
is shaped by household but not by sectoral heterogeneity: Given a path of real interest rates R,
it takes the same form as the IS equation of the one-sector HANK model (15). Conversely, the
dynamic LM curve is shaped by sectoral but not by household heterogeneity: It maps a given
path of aggregate demand Y to the same path of real interest rates as the representative-household
multi-sector RANK-IO model. In this sense, the determination of aggregate demand is unaffected
by sectoral heterogeneity taking as given a path of real interest rates, while the evolution of real
interest rates is independent from household heterogeneity taking as given a path of aggregate
activity. In other words, household and sectoral heterogeneity respectively shape the demand and
supply sides of the as-if economy but do not interact with each other beyond that.

We now leverage Proposition 1 to characterize the transmission of stabilization policy and
the aggregate effects of sectoral shocks in the as-if economy. Corollaries 2 through 4 will serve as

important reference points for our results in Sections 3.2 and 3.3.

Corollary 2 (As-If Benchmark: Fiscal Policy). Consider a bounded fiscal policy shock {dG,dlog T}
under a monetary policy rule that stabilizes the real interest rate, dr = 0. The impulse response of output

must satisfy

PG
(I—M)dlogY:Mdlogr%—Yis,ZdG. (19)
where M has entries M;s = %.

The as-if benchmark of our economy admits the same Intertemporal Keynesian Cross character-
ization of fiscal policy shocks as the canonical one-sector HANK model (Auclert et al., 2023).1¢
In particular, the iMPC matrix M remains a sufficient statistic for the effects of fiscal policy. It is
observationally equivalent to that in the one-sector HANK model.

This result obtains in spite of substantial sectoral heterogeneity that is masked by the dynamic
LM equation. When monetary policy neutralizes indirect effects through the real interest rate, un-
targeted fiscal policy is entirely unaffected by sectoral heterogeneity. In particular, fiscal multipliers
in our as-if benchmark are identical to any HANK economy without sectoral heterogeneity that
admits a representation of the aggregate consumption function as in (17).

Sectoral heterogeneity does, however, affect the monetary policy response di that is neces-

sary to neutralize real rates since this policy rule is governed by the dynamic LM equation. In

16 In particular, equation (19) is equivalent to (I — M)dY = dG — MdT, where M is the matrix with elements
M;s = aCHANK /9(1,Y;). Presenting Corollaries 2 and 3 in terms of log-derivatives will make it easier to compare to our
main result in Section 3.2.
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fact, the nominal interest rate rule di is determined solely by the dynamic LM curve, taking as
given aggregate demand Y, which implies that it is governed by sectoral but not by household
heterogeneity.

Corollary 3 (As-If Benchmark: Monetary Policy). Consider a monetary shock dlog 0 that induces a
bounded perturbation in real interest rates dlog R. The impulse response of output must satisfy

(I-M)dlogY = M'dlogR, (20)

2 log CHANK
dlog R

where M" has entries M, =
For a given change in the real interest rate, dR, the effect of monetary policy on aggregate activity
is again independent of sectoral heterogeneity and solely shaped by household heterogeneity. In
particular, the iMPC and interest rate response matrices that appear in Corollary 3, M and M, are
equivalent to their counterparts in the one-sector HANK economy.

Sectoral heterogeneity does, however, affect the transmission of nominal interest rate shocks,
di, to the real interest rate, dr. In particular, heterogeneity in price rigidities and other sectoral
variables does shape the strength of interest rate policy, i.e., monetary non-neutrality, but only
through its transmission to real rates. Corollay 3 demonstrates that the path of real interest rates
is a summary statistic for the effect of monetary policy on aggregate activity. Once the monetary
authority has implemented a desired path of real rates, the production network structure of the

economy no longer matters for transmission.

Corollary 4 (As-If Benchmark: Aggregating Sectoral Technology Shocks). Consider a bounded
perturbation in sectoral technology dlog A;j and denote dlog A = (dlog Ay, ..., dlog An). The impulse

response of output must satisfy

dlogY:H—J;\dlog —ﬂidlogy—idlogAL (21)
U T+ T+7
Pure Technology Effect Change in Allocative Efficiency
where y = — Cs;fl(/g:;s) and n = 7stjf’(;\g“).

Corollary 4 is an aggregation result that traces the macroeconomic effects of microeconomic sectoral
technology shocks. As in Baqaee and Farhi (2020), equation (21) decomposes the impact on real
GDP into two effects. The pure technology effect holds fixed the resources employed by firms and
workers, and measures the change in output that results from the increased productivity of given

resources. Changes in allocative efficiency summarize the effect on output from a reallocation of
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resources across firms and workers. We denote by p;; = % the time-varying markup in sector
j,sothatdlogu = (dlogu, ..., dlogun) captures the endogenous response of sectoral markups
across time and sectors. Finally, since there is a single labor factor under assumption A2, we denote
by Al the sequence of labor income shares.

It is remarkable that equation (21) is virtually identical to the aggregation result of Baqaee and
Farhi (2020).!7 This is despite our economy featuring rich and dynamically evolving household
heterogeneity, whereas theirs is a static representative-household setting. Corollary 4 underscores
that our as-if benchmark features a strict decoupling of household and sectoral heterogeneity:
For given changes in markups and factor shares, the aggregate consequences of microeconomic
technology shocks do not directly interact with household heterogeneity. In other words, changes
in sectoral markups dlog u and the labor income share dlog Al are sufficient statistics for the
implications of household heterogeneity. We will show in Section 3.3 that this simple benchmark
is no longer valid in the presence of systematic household-sector linkages: With earnings and
expenditure heterogeneity, the Baqaee and Farhi (2020) aggregation result must be augmented to
account for household heterogeneity.

The importance of allocative efficiency is tightly linked to nominal rigidities. In the flexprice

limit of our as-if benchmark, where markups are positive but constant, equation (21) becomes

1 ~
dlog Y™ = ~ 1 3/ 410g A. 22)
Y
This flexprice aggregation result still features two key departures from the canonical Hulten’s
theorem, according to which the macroeconomic effect of a sectoral technology shock is proportional
to that sector’s revenue-based Domar weight, A. First, the importance of sectoral technology shocks

is governed by the cost-based Domar weight ;\j =pjAj = e;—il/\j. Second, the standard Hulten’s

theorem applies in settings with inelastic factor supply. The multiplier % accounts for elastic
labor supply, with the elasticities # and y governing the household labor supply curve. When we
allow for appropriate sectoral employment subsidies to offset steady state markups, y; = 1 for all j,
a variant of Hulten’s theorem extended to elastic labor supply applies in the as-if benchmark with
flexible prices. In this case, production is efficient and aggregation on the production side of the

economy is again governed by revenue-based Domar weights despite rich household heterogeneity.

17 In their baseline model, Bagaee and Farhi (2020) derive the aggregation result dlogY = Ad log A — Ad logu —
Adlog A. There are minor differences between our result and theirs. First, our setting is dynamic and equation (21)
solves for the sequence of output changes. Second, we allow for elastic factor supply, which accounts for the presence of
the elasticities # and <. Bagaee and Farhi (2020) extend their main result to elastic factor supply in Appendix H.2 and
equation (21) mirrors their extended formula. Finally, markups in our setting are endogenous and result from nominal

rigidities. Nonetheless, Corollary 4 underscores that the importance of changes in markups is captured in reduced form
by }YJFTZ)L as in Baqaee and Farhi (2020). Also notice that cost-based factor shares always sum to 1, and so AL = 1 with a
single factor.
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3.2 An Intertemporal Keynesian Cross with Earnings and Expenditure Heterogeneity

Our next result characterizes an Intertemporal Keynesian Cross for monetary and fiscal policy in
the baseline HANK-IO model of Section 2.

Proposition 5 (Intertemporal Keynesian Cross in HANK-IO). Consider a bounded perturbation in
fiscal policy (dlog T,dG) and monetary policy dlog R. The impulse response of output must satisfy

Multiplier As-If Benchmark

(I—lEi [bi,ssMiDdlogy = E [bi,ssMi]d'r + PzgsdG + E [bi,ssM;}dlogR

+ Cov; (/lii,ss M;, dAi> — Cov; <Mi, b ssd log Pi) — Cov; (er, bi,ssdn'i>

1,88

Earnings Heterogeneity Expenditure Heterogeneity Expenditure Heterogeneity
(Static) (Intertemporal)
where E;(b; ssM;) and E;(b; ;M) are the cross-sectional weighted average iMPC and interest rate response

matrices.

Proposition 5 characterizes the implications of household-sector linkages for policy transmission.
Three new effects emerge relative to the transmission channels already operative in our as-if
benchmark.!® Figure 2 visualizes the decomposition of Proposition 5.

The first new effect is an earnings heterogeneity channel that emerges when households supply

different labor factors. It is captured by a cross-sectional covariance across household types between

iMPCs /b\i;sss M;—weighted by the ratio of expenditure and income shares—and changes in income
shares dAi. Earnings heterogeneity therefore dampens the aggregate effects of contractionary
monetary and fiscal policy when policy redistributes income to households with large expenditure-
weighted iMPCs. Panel (2) of Figure 2 displays a strong positive correlation between iMPCs and
earnings incidence. Panel (1) shows that earnings heterogeneity (the green dashed line) dampens
the aggregate effect of contractionary monetary policy (solid blue line).

The next two terms of our decomposition capture the implications of expenditure heterogeneity.
A change in the price of household type i’s consumption basket elicits a static and an intertemporal
effect. Holding fixed nominal income, an increase in the relative price dlogp; will reduce a
household’s effective purchasing power. Households respond to this income effect in proportion to
their intertemporal marginal propensities to consume. This first new transmission channel due

to expenditure heterogeneity is therefore a covariance across household types between iMPCs M;

18 We refer to Proposition 5 as an Intertemporal Keynesian Cross because the impulses on the RHS are amplified
by a Keynesian-cross-like multiplier (Auclert et al., 2023). As in our as-if benchmark, this multiplier is governed
by households’ iMPCs. With multiple household types, the relevant aggregate iMPC is given by E;(b; ssM;), using
expenditure shares as aggregation weights. This Keynesian multiplier is not directly shaped by sectoral heterogeneity.
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Figure 2. IKC Decomposition

Note. Panel (1) displays the Intertemporal Keynesian Cross decomposition of Proposition 5 in response to a 25bps
contractionary monetary policy shock. We multiply both sides of the equation with ino(M) = (I — E;[b; sM;])~!. In
Panel (2)-(4), for the iMPC M; and M] we use the annual iMPC by each type 7 in response to a one-time quarterly shock
to type i in either income or interest rate.

and changes in relative bundle prices dp; weighted by expenditure shares. When policy leads to a
relative price increase in the consumption basket of households (and in states of the world) with
large iMPCs, then aggregate consumer spending falls.

A change in the path of relative prices also elicits an intertemporal effect. The relative bundle
price governs a household’s intertemporal decision between consuming in period ¢ and saving
for consumption in future periods. Notice that —Cov;(M], b;ssdlog 7t;) = Cov;(M!, b;sdlogR;),
where R; is the path of effective savings rates for households of type i. When households experience
relative price inflation, their effective real rate of return on savings d log R; falls disproportionately.
And when relative price inflation is especially large for those households with strong intertemporal
interest rate responses M/, then aggregate demand decreases.

Quantitatively, the expenditure heterogeneity covariances are small in our baseline model,
which assumes homothetic CES consumption preferences. The expenditure-share-weighted
changes in relative bundle prices are consequently small, as displayed in Panel (3) Figure 2. Panel

(4) shows that the expenditure-share-weighted changes in rates of return are also small.
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3.3 Beyond Hulten: An Aggregation Result for Sectoral Shocks

We now derive an aggregation result for the macroeconomic effects of sectoral technology shocks
in HANK-IO. Unlike in our as-if benchmark, allocative efficiency is now also shaped by earnings

and expenditure heterogeneity.

Proposition 6 (Aggregation Result for Sectoral Technology Shocks in HANK-1O). Assuming sym-
metric 7y; = 7y and 17; = 1, the aggregate effect of sectoral technology shocks is given by

As-If Benchmark

147+ 147+ n L
dlogY =—FAdlogcA— —FAdlogu — ——dlog A
. LR

1
v+

Cov; Ai,ssr dlogp; | — T Cov; [\i,ssr dlog AiL __T Cov; f\i,SS, dlog J;
Ui Y+ Y+

Expenditure Heterogeneity Earnings Heterogeneity Income Effect on Labor Supply

where dlog §; = dlog C; — dlog C is a measure of consumption dispersion.

Proposition 6 generalizes the aggregation result we derived for our as-if benchmark (Corollary 4).
The three terms in the first line correspond to that benchmark.

The aggregate output response is again governed by a pure technology effect and changes in
Ity
Y+
productivity of resources holding fixed the current allocation. It is remarkable that pure technology

allocative efficiency. The pure technology effect, given by —~Z A dlog A, summarizes the increased
gains are again unaffected by household heterogeneity. They are proportional to sectors” cost-
based Domar weights, A, and to the elasticities governing household labor supply, 7y and 7. Our
assumption that these elasticities are symmetric across household types is critical: When the income
and substitution effects governing labor supply are heterogeneous at a given allocation, then gains
from pure technology are also shaped by household heterogeneity.

The remaining terms of our decomposition summarize changes in allocative efficiency. As
in the as-if benchmark, changes in endogenous markups and factor shares have implications for
allocative efficiency. These terms are exactly as in Corollary 4, and we discuss their economic
intuition there.

More surprisingly, household heterogeneity and, in particular, cross-sectional household-
sector linkages now also shape allocative efficiency. Three additional channels emerge that all
work through the factor supply equations given by dlog W; — dlog P; = 1 dlog N; + 7y dlog C;.
Households of type i adjust their labor supply either in response to changes in their real wage,
dlog W; — dlog P;, or when their income and consequently their consumption changes, d log C;.

The first novel determinant of allocative efficiency is the effect of expenditure heterogeneity

on household labor supply. Firms’ cost structure is governed by nominal factor prices W;;. In
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other words, what matters for the production side is the marginal cost at which firms can hire
additional labor. Labor supply, however, is governed by real wages. When the price of a house-
hold’s consumption bundle increases, dlogp;; > 0, a given nominal wage for household i has
less purchasing power and the real wage falls. At a given nominal wage, this household now
supplies fewer hours and labor becomes more expensive for firms. The new effect on allocative
efficiency is proportional to the cross-sectional covariance across household types or labor factors
Cov;(A;, dlogp;;): If consumer prices increase for those households whose labor factors have large
cost-based Domar weights, then output falls and allocative efficiency deteriorates. Intuitively, labor
factors that play a dominant role in firms’ cost structures become relatively more expensive because
those household types experience a relative drop in their purchasing power. Crucially, the relevant
covariance is with respect to cost-based factor shares A; because markups drive a wedge between
prices and marginal costs.

Earnings heterogeneity also shapes the transmission of technology shocks to allocative effi-

ciency. The overall effect of changes in factor shares on allocative efficiency is captured by

Ui L Ui 3
dlog Ay — ———Cov;(A;, dlog A;
iy 0g 1Ay v 0v;( ogAit)

Labor Income Share Earnings Heterogeneity

where we denoted the average change in factor share by dlog A; = E;(dlog A;;). Notice that

the aggregate labor income share is not weighted by cost-based Domar weights because E;A; =

1: All production costs must ultimately be accounted for by factor costs. The aggregate effect

is also operative in the as-if benchmark. Intuitively, when the total labor income share falls,

dlog A+ < 0, then households receive less labor income. This elicits a positive labor supply response
7

governed by the elasticities P Heterogeneity in factor share responses can amplify or dampen

the resulting change in allocative efficiency. When factors with the largest cost-based Domar weights
A; experience a relative decrease in their income share, then resources are reallocated towards the
more monopolized and distorted sectors. The strength of this effect is again proportional to J’Tn,
which governs the endogenous labor supply response to the fall in income.

Finally, there may be a heterogeneous income effect on labor supply across factors. This effect
is summarized by a covariance across household types between cost-based factor shares A; and
changes in consumption dispersion 4 log J; ;. Intuitively, if households i experience a relative drop
in consumption, dlogd;; < 0, then they supply more labor for a given real wage. This income
effect is governed by the elasticities %ﬂ As a result, firms can hire a given amount of labor factor i
more cheaply and marginal cost falls. If the factors that become relatively cheaper also have high
cost-based Domar weights, then output increases due to gains in allocative efficiency. Intuitively,
marginal costs then fall in the most monopolized sectors.

Our discussions in Sections 3.2 and 3.3 point to an important conceptual takeaway. What

matters for the aggregation of sectoral technology shocks—in particular their transmission through
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changes in allocative efficiency—are covariances with respect to cost-based factor shares A;. Gains
from allocative efficiency result from a reallocation of resources to relatively more distorted and
monopolized sectors. The cost-based factor share A; precisely captures those markups that drive a
wedge between prices and marginal costs. The covariance terms with respect to A; that appear
in Proposition 6 therefore indicate whether resources and labor find more productive uses. The
transmission of monetary and fiscal policy (demand) shocks, on the other hand, is determined by
covariances with respect to iMPCs M;. Intuitively, demand propagation is governed by spending
propensities in response to changes in income and prices. Mechanically, this distinction emerges
because our results in Section 3.2 take as their starting point the goods market clearing condition
and the aggregate consumption function, whereas our derivations in Section 3.3 focus on the supply

and production equations.

4 Taking a Quantitative HANK-IO Model to the Data

This section develops a quantitative HANK-IO model that matches key empirical regularities
on household-sector linkages. After discussing our data sources in Section 4.1, we present these
empirical regularities in Section 4.2. To match these motivating empirical moments, we enrich
the baseline HANK-IO model of Section 2 along two dimensions. The quantitative model we
present in Section 4.3 features capital as an additional production factor and nonhomothetic CES
consumption preferences. Allowing households to trade a second, illiquid asset is important to
match the intertemporal marginal propensities to consume that govern the new earnings and
expenditure heterogeneity transmission channels of monetary policy (Auclert et al., 2023), which
we characterized in Section 3 . Adding capital as a factor of production also allows us to capture
the importance of the investment network that is an important part of the economy’s network
structure (Vom Lehn and Winberry, 2022). Finally, nonhomothetic preferences allow us to match
empirical expenditure patterns across the income distribution (Comin et al., 2021). Appendix C

presents a self-contained description of our quantitative model.

4.1 Data

In this section, we assemble our dataset, which draws on six sources, and explain the construction
of key variables. The details of data construction are reported in Appendix D. We conduct both
our empirical and quantitative analysis at the 2-digit NAICS level corresponding to the Bureau of
Economic Analysis’ (BEA) Detailed Input-Output (I-O) Tables, which is also the number of sectors

for our estimation of the nonhomothetic CES demand system.

Input-output linkages. We use the BEA I-O Use Tables to measure intput-output linkages across
71 industries from 1997 to 2015. The Use Tables specifies the nominal amount of inputs used by

each industry. After eliminating industry categories related to federal, state, and local government,
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we are left with 66 private sectors. We aggregate the BEA sectors to the 2-digit NAICS level, arriving

at 22 sectors as our baseline.

Household expenditure characteristics: CEX-IO data. We use the Consumer Expenditure Survey
(CEX) conducted by the U.S. Bureau of Labor Statistics from 1997 to 2015 to obtain expenditure
shares for households across the income distribution. The survey respondents report their con-
sumption expenditures for the full consumption basket of goods and services, across 668 detailed
categories called “UCCs”. Sample selection and other data treatment details can be found in
Appendix D.10. After the sample construction, we match the CEX spending categories to 22 indus-
tries in the IO table, constructing a dataset with household expenditure shares across the income
distribution in 22 final IO industries for each year in the sample period. The mapping is based on
a manual concordance assembled by Levinson and O’Brien (2019). The dataset contains 948,049
households across the sample period, each with nominal expenditure data in each IO industry and

household characteristics.

Household earnings characteristics: ACS-IO data. We obtain cross-sectional household occupa-
tion and payroll data from the American Community Survey (ACS). The ACS is a survey adminis-
tered by the U.S. Census Bureau and answered by a random 1% sample of the U.S. population each
year. The dataset is made available by IPUMS (Ruggles et al., 2015) and offers demographical and
labor information about all survey respondents. In particular, the ACS provides consistent industry
identifiers for 320 industries in the private sector from 2000 to 2015. Matching ACS’s 6-digit NAICS
industry categories to industries in the IO table, we obtain a dataset with sector-specific payroll

shares for households in various income quantiles.

Sectoral price rigidity. To measure price rigidity across industries, we map the sector-specific
monthly price adjustment frequency from Pasten et al. (2017) to the 22 final IO industries. Pasten
et al. (2017) use the data underlying the Producer Price Index (PPI) for 754 industries (defined
by 6-digit NAICS codes) from the U.S. Bureau of Labor Statistics, from 2005 to 2011.The PPI
measures changes in selling prices from the perspective of producers and covers all industrial and
service sectors, including the product of intermediate inputs. Compared with earlier estimates by
Nakamura and Steinsson (2008) with a focus on CPI data, the PPI measures are more suitable both
for our sample period and our emphasis on intermediate inputs. We also show robustness using

other price rigidity measures in Appendix E.

Factor shares. We compute the sector-specific factor shares in production from the BEA’s GDP by
Industry dataset with 66 private industries. The labor share in primary factors is computed as the
compensation of employees as a percentage of value added, adjusted for taxes and subsidies, and

averaged over 1997-2015. The intermediate inputs share is computed as total intermediate inputs

25



as a percentage of gross output, averaged over the same sample period. We then map factor share
data for 66 sectors into the 2-digit NAICS industry specification, where we weight the concordance

by sector-specific gross output levels.

Capital investment shares. In our baseline, we use the Investment Flows Data for 41 Sector
Partition from Vom Lehn and Winberry (2022) from 1997-2015 to calculate the share of capital
investment inputs from each sector. We first calculate the share of total capital purchase from each
of the 41 sectors each year in the Investment Flow tables. We then crosswalk the 41 sectors based

on their NAICS codes to 22 sectors. Finally we take the average of each year’s share.

Government spending shares. The BEA’s industry input-output “Use” table allows us to compute
the share of government spending on goods and services from different sectors. Government
spending shares are calculated as total government expenditure in sector j as a percentage of total
overall government spending. “Government” includes the federal government, federal government
enterprises, state and local government, and state and local government enterprises. We average
the annual share across 1997-2015, and then map the 66 sectors in which the government spends to
the 2-digit NAICS level.

Markups. We use sectoral markup data from Bagaee and Farhi (2020) in our model calibration.
They estimate three alternative measures of markups across 66 sectors from 1997 to 2015. The
average markup for each sector in any particular year is computed as the harmonic sales-weighted
average of firm markups, which are taken from Compustat and assigned to BEA sectors. In
our baseline model, we use the average of their benchmark estimates following the accounting
profits approach because the average markup is then around 10% and thus closer to the standard
markup assumed in the HANK literature. Then we map the 66 industries to the 22-sector 2-digit

IO categories, weighting the concordance by sector-specific gross output levels.

Network centrality. A reduced-form measure of a sector’s centrality in the input-output produc-
tion network is the Katz-Bonacich centrality measure discussed by Carvalho (2014). This measure
of network centrality is defined as ¢ = (I — /\ucfk)_ll, where we set 7 = % = 105 and A = 05.
We denote by tx;‘k the share of sector j’s spending on inputs from sector k in sector j’s total value of
the intermediate input bundle. We also calculated the “outdegree” of sectors, defined as dy = }; e
that is, the sum over all the weights of the network in which sector k appears as an input-supplying

sector.

4.2 Empirical Regularities

We start by documenting empirical evidence of systematic household-sector linkages at the micro

level. These empirical regularities suggest that households with different income levels are system-
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Figure 3. Expenditure-share Weighted Sectoral Heterogeneity for Income Percentiles

Note. The blue dots represent expenditure-weighted sectoral features as a function of households’ after-tax income
percentiles in the CEX-IO data, averaged over the sample period. The horizontal axis in each panel corresponds to
household income percentiles, each bin representing 1% of the population. The vertical axis reports average sectoral
features weighted by expenditure shares across household income percentiles. The red line summarizes the fit of our
quantitative HANK-IO model, plotting the same measure of average sectoral features across the household income
distribution using model-generated data.

atically exposed to different sectors through both expenditure and earnings patterns. Our results

draw on much previous empirical work, which we review at the end of this subsection.

Expenditure heterogeneity. For each sectoral feature 6, we compute an expenditure-share-

weighted measure for each household percentile hip in each year t as

exp,hp exp,hp
0, = ij,t 0,1
jes

where 6;; corresponds to our empirical measure of sectoral feature 0 for sector j in year ¢, and
w;?’;p " denotes the share of expenditures on goods in sector j accounted for by households of
income percentile hip in year t.

The blue dots in Figure 3 represent expenditure-weighted sectoral features in the data, plotted
across the household income distribution by linking cross-sectional household spending data
from the CEX to the BEA IO table. We find that higher-income households consume relatively
more in sectors that are more labor-intensive, less capital-intensive, and contribute more to capital

production. Middle-income households consume more in sectors that are more intermediates-
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Figure 4. Earnings-share Weighted Sectoral Heterogeneity for Income Percentiles

Note. The blue dots represent payroll-weighted sectoral features as a function of households’ income percentiles in the
ACS-1IO data, averaged over the sample period. The horizontal axis in each panel corresponds to household income
percentiles, each dot representing 10% of the population. The vertical axis reports average sectoral features weighted by
payroll shares across household income percentiles. The red line summarizes the fit of our quantitative HANK-IO model,
plotting the same measure of average sectoral features across the household income distribution using model-generated
data.

intensive, more price-flexible, more central in the production network, have lower markups, and
have larger government spending shares. The red lines in Figure 3 demonstrate the fit of our
quantitative model, which specifically targets these empirical regularities.

The five largest sectors in households’ consumption baskets are (1) housing, (2) non-durable
manufacturing goods such as food, beverages, apparels, and textile products, (3) retail trade, (4)
durable manufacturing goods such as appliances, cars, electronic devices, furniture, and (5) utilities.
Table 1 shows that higher-income households spend relatively less on non-durable manufacturing
goods, utilities, retail and wholesale trades, and information products such as broadcasting and
telecommunications. They spend relatively more on other services, hotels and restaurants, and
home construction. Middle-income households have the smallest expenditure shares for housing

and education services, and the largest for durable manufacturing, finance, and insurance.
Earnings heterogeneity. Next, we document systematic household-sector linkages on the earnings

side. We link cross-sectional household occupation and payroll data from the American Community

Survey (ACS) with data from the BEA IO Tables. Similar to expenditure heterogeneity, we define

28



payroll-share-weighted sectoral features as

Pay hp _ 2 wrmy,hzﬂg

jE€S
where wf UM s the payroll share in sector j in year t accounted for by households in income
percentile hp.

The blue dots in Figure 4 plot earnings-weighted sectoral features across 20 income bins. We
find that higher-income households earn relatively more in sectors that are less labor-intensive,
more capital-intensive, more central in the production network, have lower markups, have larger
government spending shares, and contribute more to capital formation. Middle-income households
work relatively more in sectors that are more price-rigid.

The sectors that account for the largest share of household earnings are accomodation and
food services, retail trade, and healthcare for the bottom 10% of earners; healthcare, retail trade, and
education services for the middle-income group; and professional and technical services, healthcare,
and durable manufacturing for the top 10% of the income distribution. Table 2 presents summary
statistics. Lower-income households earn more from sectors such as accomodation and food
services, retail trade and other services, which are less capital-intensive and more labor-intensive.
Higher-income households earn more from sectors such as professional and technical services,
finance, and manufacturing, which have higher network centrality and government spending

shares.

4.2.1 Relation to the Literature

Many of these empirical regularities are already well known. Hubmer (2023) documents that
higher-income households spend relatively more on sectors with high labor shares. In related
work, Faber and Fally (2022) show that higher-income households spend relatively more on high-
quality goods, which is in turn positively correlated with sectoral labor intensity (Jaimovich et al.,
2019). Relative to these papers, we show that higher-income households spend relatively more on
sectors that also have high intermediates shares and work relatively more in sectors that have high
intermediates and capital shares, but low labor shares.

Cravino et al. (2020) document that higher-income households spend relatively more in sectors
with stickier prices. Similarly, Clayton et al. (2018) show that more educated households both
spend and work more in sectors with more price rigidity. Our results suggest that the expenditure-
weighted frequency of price changes is hump-shaped in household income, while higher-income

households earn more in price-rigid sectors.
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Sectoral Features Expenditure Share

Capital share Labor share Intermediates Freq. price Centrality Markups Gov spending Investment 1th. 41-60t!1 100th' Diff 100th-
Sectors share change share share percentile percentile percentile 1th

Manufacturing | 0.139 0.150 0.711 18.429 0.038 0.178 0.060 0.001 15.73% 11.63% 8.18% -7.55%
Utilities 0.374 0.188 0.438 38.806 0.040 0.024 0.024 0.000 7.73% 5.62% 4.08% -3.65%
Retail trade 0.187 0.468 0.345 21.172 0.023 0.085 0.000 0.022 11.88% 11.62% 9.20% -2.68%
Housing 0.648 0.062 0.290 6.983 0.065 0.115 0.044 0.005 16.88% 13.55% 14.42% -2.46%
Information 0.330 0.234 0.436 18.675 0.045 0.217 0.076 0.059 6.25% 4.89% 4.01% -2.24%
Wholesale trade 0.257 0.397 0.346 8.879 0.026 0.033 0.000 0.054 5.75% 5.64% 4.11% -1.64%
Manufacturing Il 0.214 0.144 0.641 19.775 0.084 0.139 0.200 0.004 3.47% 3.43% 2.40% -1.06%
Warehousing 0.120 0.468 0.413 6.933 0.029 0.115 0.003 0.004 0.05% 0.05% 0.04% -0.01%
Agriculture 0.287 0.116 0.597 52.065 0.041 0.130 0.007 0.000 0.07% 0.09% 0.12% 0.05%
Mining 0.385 0.183 0.433 38.806 0.048 0.045 0.029 0.035 0.14% 0.21% 0.19% 0.06%
Professional and technical 0.174 0.467 0.359 7.133 0.105 0.113 0.148 0.189 1.27% 1.11% 1.50% 0.23%
Administrative and waste 0.155 0.458 0.386 13.926 0.059 0.096 0.068 0.000 0.52% 0.58% 1.07% 0.55%
Arts and entertainment 0.240 0.385 0.375 5.025 0.029 0.099 0.004 0.002 0.36% 0.69% 1.13% 0.77%
Healthcare and social assistance 0.102 0.515 0.384 6.887 0.023 0.124 0.010 0.000 2.46% 3.33% 3.28% 0.82%
Transportation 0.177 0.316 0.507 21.376 0.035 0.151 0.030 0.004 2.15% 2.18% 3.28% 1.13%
Rental and leasing 0.518 0.119 0.363 18.132 0.032 0.202 0.009 0.000 0.67% 0.96% 1.92% 1.25%
Finance and insurance 0.230 0.316 0.454 31.699 0.077 0.115 0.076 0.001 3.89% 5.76% 5.51% 1.61%
Manufacturing 11l 0.155 0.250 0.595 13.870 0.085 0.111 0.098 0.297 7.76% 12.39% 9.64% 1.88%
Education services 0.126 0.552 0.322 5.516 0.025 0.099 0.010 0.000 1.79% 1.58% 4.32% 2.53%
Construction 0.171 0.336 0.493 20.221 0.030 0.105 0.062 0.325 1.36% 2.75% 4.52% 3.16%
Accomodation and food services 0.154 0.395 0.451 27.266 0.032 0.163 0.015 0.000 5.01% 6.39% 8.37% 3.36%
Other services 0.164 0.453 0.384 4.643 0.031 0.114 0.026 0.000 4.84% 5.60% 8.73% 3.89%
Mean 0.241 0.317 0.442 18.464 0.045 0.117 0.045 0.045

Max 0.648 0.552 0.711 52.065 0.105 0.217 0.200 0.325

Min 0.102 0.062 0.290 4.643 0.023 0.024 0.000 0.000

Table 1. Expenditure Share Differences and Sectoral Features, 22 Sectors

Note. Table 1 reports summary statistics for sectoral features across all 22 production sectors. Sectors are listed in ascending order according to the difference in
expenditure shares between the top 1% income percentile and the bottom 1% income percentile. The light blue shade helps visualize each sector’s sectoral features

relative to the respective range across all sectors.
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Sectoral Features Earnings Share

Sectors Cotalshars tsborsars MCUSEE FORTS  contmity  warkops  VIRINE WIS imentle percentie _pesenie W
Accomodation and food services 0.154 0.395 0.451 27.266 0.032 0.163 0.015 0.000 17.18% 3.78% 1.25% -15.92%
Retail trade 0.187 0.468 0.345 21.172 0.023 0.085 0.000 0.022 18.35% 10.58% 6.13% -12.23%
Other services 0.164 0.453 0.384 4.643 0.031 0.114 0.026 0.000 7.14% 5.46% 2.87% -4.27%
Administrative and waste 0.155 0.458 0.386 13.926 0.059 0.096 0.068 0.000 5.46% 3.83% 2.07% -3.39%
Education services 0.126 0.552 0322 5.516 0.025 0.099 0.010 0.000 9.54% 10.15% 6.29% -3.25%
Arts and entertainment 0.240 0.385 0.375 5.025 0.029 0.099 0.004 0.002 3.74% 1.96% 1.07% -2.67%
Agriculture 0.287 0.116 0.597 52.065 0.041 0.130 0.007 0.000 2.32% 1.71% 1.58% -0.74%
Manufacturing | 0.139 0.150 0.711 18.429 0.038 0.178 0.060 0.001 1.56% 2.47% 1.34% -0.21%
Rental and leasing 0.518 0.119 0.363 18.132 0.032 0.202 0.009 0.000 0.39% 0.37% 0.24% -0.15%
Warehousing 0.120 0.468 0.413 6.933 0.029 0.115 0.003 0.004 0.21% 0.32% 0.09% -0.12%
Construction 0.171 0.336 0.493 20.221 0.030 0.105 0.062 0.325 5.29% 8.23% 5.26% -0.03%
Transportation 0.177 0316 0.507 21.376 0.035 0.151 0.030 0.004 3.25% 4.78% 3.61% 0.36%
Healthcare and social assistance 0.102 0.515 0.384 6.887 0.023 0.124 0.010 0.000 11.25% 14.59% 12.03% 0.79%
Mining 0.385 0.183 0.433 38.806 0.048 0.045 0.029 0.035 0.17% 0.50% 1.03% 0.86%
Utilities 0.374 0.188 0.438 38.806 0.040 0.024 0.024 0.000 0.12% 0.45% 1.50% 1.38%
Housing 0.648 0.062 0.290 6.983 0.065 0.115 0.044 0.005 1.12% 1.80% 2.75% 1.63%
Information 0330 0.234 0.436 18.675 0.045 0.217 0.076 0.059 1.77% 2.27% 4.15% 2.39%
Wholesale trade 0.257 0.397 0.346 8.879 0.026 0.033 0.000 0.054 1.75% 3.83% 4.47% 2.72%
Manufacturing Il 0.214 0.144 0.641 19.775 0.084 0.139 0.200 0.004 1.34% 3.68% 4.06% 2.72%
Manufacturing 11l 0.155 0.250 0.595 13.870 0.085 0.111 0.098 0.297 2.88% 8.45% 10.10% 7.22%
Finance and insurance 0.230 0.316 0.454 31.699 0.077 0.115 0.076 0.001 1.82% 5.64% 9.90% 8.08%
Professional and technical 0.174 0.467 0.359 7.133 0.105 0.113 0.148 0.189 3.34% 5.16% 18.20% 14.86%
Mean 0.241 0.317 0.442 18.464 0.045 0.117 0.045 0.045

Max 0.648 0.552 0.711 52.065 0.105 0.217 0.200 0.325

Min 0.102 0.062 0.290 4.643 0.023 0.024 0.000 0.000

Table 2. Earnings Share Differences and Sectoral Features, 22 Sectors

Note. Table 2 reports summary statistics for sectoral features across all 22 production sectors. Sectors are listed in ascending order according to the difference in payroll
shares between the top 10% income percentile and the bottom 10% income percentile. The light blue shade helps visualize each sector’s sectoral features relative to the

respective range across all sectors.



Government spending is granular and concentrated in sectors with relatively sticky prices
(Cox et al., 2020). We show that government spending also tends to be high in those sectors where
high-income households earn and middle-income households spend relatively more. Jaravel (2019)
documents that higher-income households spend relatively more in high-markup sectors. Finally,
Vom Lehn and Winberry (2022) document that the capital investment network is granular and

dominated by a small set of concentrated investment hubs.

4.3 Key Model Elements and Calibration

In this section, we present the key new elements of our quantitative model and discuss its calibration.

A detailed and self-contained model description is relegated to Appendix C.

4.3.1 Production Network

We calibrate the production network of our quantitative model to match data on 22 sectors. As
described in Section 2.2, each sector is modeled as comprising a retailer and intermediate firms that
face price adjustment costs. While this structure allows us to derive sectoral Phillips curves (4), we
otherwise focus on a symmetric equilibrium in which all firms within a sector are identical. We can
therefore proceed as if sectoral production decisions are taken by a representative firm.

The production function of sector j is CES over intermediate inputs and a primary factor that

combines capital and labor, given by

n /‘

L Mt TR T
A, NV Z7]
Yig = A | (L=0)"i f,7 +6,7x;, ' (23)

where A;; is a Hicks-neutral technology shifter. We denote by 6; the CES weight on intermediate
inputs in sector j’s production and by 74 ; the elasticity of substitution between the primary factor
and intermediate inputs.

The primary factor is a Cobb-Douglas aggregate of capital and labor, given by

fia = K5 Ny (24)
where «; is the share of capital in total factors."” We denote by K, the capital rented by sector j in
period t and by Nj; a CES aggregate over all I labor factors used by sector j in production, given by

1 Twi! vju:uil
L w \ Tw,j Tw,j
Nj = (Z(Fﬁ) Ny ) : (25)
1

19 Horvath (2000), Carvalho (2014), Atalay (2017), Carvalho et al. (2021) and Ferrante et al. (2022) all aggregate
primary factors using a Cobb-Douglas calibration. Vom Lehn and Winberry (2022) use Cobb-Douglas in their main
calibration and explore deviations from Cobb-Douglas in a sensitivity analysis, where they show there are no sizable
quantitative implications.
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where Nj;; is sector j’s demand for labor factor i, F]Z-‘Z-’ is the relative CES weight on factor 7, and 7, ;
is a sector-specific elasticity of substitution across labor factors in production.

Sector j uses a CES basket of intermediate inputs, x;, given by

’7x,]'

S B o
A x \ Txj Mx,j
ik = (; (T5e) ™ ) ' (26)
where 77, ; is sector j’s constant elasticitiy of substitution across intermediate inputs. I'j denotes
how important is good k in sector j’s intermediate input bundle production function. As in Section
2, xjk,+ is the demand for good k as an input by sector j.

The standard demand functions for intermediate inputs from sector i is given by

717(\{/]'

k

Xjkt = }%(5_ ’i) Xjt (27)
7%

where pf is the producer price index (PPI) in sector k and Pjx,t is the price of intermediate input
bundle in sector j. xj; is the unit of goods from sector k used by sector j, and the x;; is the unit of
intermediate input bundle for sector j. The relationship between intermediate input prices and the

bundle price is given by

Pixt = [Zr}ck(Pk,t)l_m”]

Firms rent capital in an integrated and competitive market at the nominal rental rate iX.
Likewise firms hire labor of each factor in non-segmented labor markets at nominal wage rates W; ;.
Sectoral profits are now given by IL;; = pjy;: — ¥ WisNjis — if Kjy — pjxsxjs. We call the share
of expenditure on goods from sector k in the nominal value of the intermediate input bundle zx]’Fk,
given by

x _ PktXjkt

0 (28)

Pjx,tXjt
Elasticities. We follow much of the literature and set the elasticity between the primary factor
and intermediate inputs to 77;,; = 1 across sectors.”’ Consensus on the appropriate calibration of
11x,j, the elasticity of substitution across intermediate inputs, has evolved over time. While most
prior work uses a Cobb-Douglas calibration, Atalay (2017) argues that this elasticity should be
much smaller. We follow Atalay (2017) and set 7,,; = 0.1. Finally, we calibrate the elasticity of

substitution between different labor factors to 77,,; = 1.

20" Atalay (2017), Vom Lehn and Winberry (2022), and most prior work use this calibration.
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Factor shares. Sectors differ in the share of intermediate inputs in production, Gj, and the share of
capital in primary factors, &;. We compute 22 sector-specific factor shares from the BEA GDP-by-
Industry dataset. The intermediate input share 6; is computed as input expenditures as a percentage
of gross output, averaged over 1997-2015. We compute the labor share 1 — a; as total compensation
of employees as a percentage of value added, adjusted for taxes and subsidies, averaged over the
same period. We show in Appendix D.1 that there is substantial heterogeneity in factor shares

across sectors.

Input-output network. We obtain the input-output matrix I'; from equations (27) and (28),

1_ .
Y = at <pjx,t> Ti
b= .
] ] Pit

We use data from the BEA Input Output "Use" Table to calculate the input-output share &y as

Every column of Ty sums to 1.

sector j’s (columns) nominal expenditure on intermediate inputs from sector k (rows) as a share of
j’s total expenditure on intermediate inputs. Then we average these ratios across 1997-2015. See

Appendix D.7 for further discussion on input-output linkages and the IO tables.

Sectoral price rigidities. We compute the sectoral price rigidities x; in two steps. First, we use
data made publicly available by Pasten et al. (2017) who estimate the frequency of price changes
using the U.S. Bureau of Labor Statistics (BLS)’s data underlying the Producer Price Index (PPI)
for 754 industries (defined by 6-digits NAICS codes) from 2005 to 2011. Since these estimates
are more granular than our production network, we follow Clayton et al. (2018) and use their
many-to-one merge to our 22 production sectors. From these estimates, we obtain the monthly
price adjustment frequency. Additional details can be found in Appendix D.5. These estimates
of price adjustment frequencies naturally map into sectoral Calvo parameters. In a second step,
we analytically characterize the concordance between Calvo and Rotemberg parameters yx; in our

model to first order. See Appendix D.6 for details.

Payroll shares. To measure sectoral payroll shares—and consequently the share of salary ex-
penditures paid to different household types i—we use data from the linked ACS-IO dataset (see
Section 4.2). The details of how we link different datasets are provided in Appendix D.9. We define
household earnings shares across sectors as the ratio of total earnings paid to household type i in
sector j over total earnings of type i, averaged across our sample period.

i

o1 Our baseline model cali-

Markups. Steady state markups across sectors are given by y; =
brates €; directly to match sectoral markups using data from Bagaee and Farhi (2020) as discussed in

Section 4.1. Appendix D.4 shows that there is substantial heterogeneity in markups across sectors.
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4.3.2 Households

Our quantitative model features multiple household types indexed by i. To match the empirical
regularities documented in Figures 3 and 4, we allow types to differ in their permanent income

levels, their earnings shares across sectors, as well as their consumption preferences.

Expenditure heterogeneity. Households consume a generalized nonhomothetic CES basket of
goods, ¢;; = DNH({c;;};), implicitly defined via
1 pe-1

_ A&\ e e
1= Z (Ql}ci,t> Cije
J

where ¢;j; denotes consumption of good j by a household type i (Comin et al., 2021). 7. is the
elasticity of substitution across consumer goods produced in different sectors and ¢; is the relative
income elasticity for goods produced in sector j. ();; is the taste parameter for good produced in
sector j by household type i.

Following Comin et al. (2021) and Hubmer (2023), we estimate a nonhomothetic CES demand
system for our HANK-IO model to obtain the parameters {175, € }j’ using our linked CEX-IO dataset
we described Section 4.1. We calibrate the taste parameters ();; so that expenditure shares w;;; for
each household type in our model match those in the data. We walk through the details of the

estimation exercise in Appendix F.

Earnings heterogeneity. As in our benchmark model, unions intermediate households’ labor
supply decisions and ration labor across all households within a type. Earnings heterogeneity
emerges because production sectors differ in their demand for different labor factors, as discussed

in Section 4.3.1.

Two accounts. We allow households to hold two accounts, a liquid checking account 2 and an
illiquid investment account b held with a bank. Households can move funds between these two
accounts subject to a transaction cost paid out of the liquid account. The liquid account bears a
relatively low real rate of return r{;. Households can accumulate liquid debt up to a borrowing
constraint, a;; > a. The illiquid account bears a higher return rf-’,t and is subject to a short-sale
constraint b;; > 0. As in our baseline model, real rates of return (in terms of households’ purchasing
power) depend on the relative rates of inflation households face in their type-specific consumption
bundles.

When transferring funds ¢;; from the liquid to the illiquid account, households incur a trans-
action cost (4, b;;) that may be proportional to the size of the illiquid account. We adopt the
functional form for ¢(-) used in Kaplan et al. (2018) and calibrate this transaction cost to match

important moments of the household wealth distribution.
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4.3.3 Financial Sector

We model a financial sector that consists of a representative financial intermediary, the “bank”,
which has two activities: (1) a banking activity, performing maturity transformation by collecting
real liquid assets from households and investing them in government bonds, subject to an interme-
diation spread; and (2) a mutual fund activity, collecting illiquid funds and intermediating them in

the form of physical capital to firms.

Banking activity. The bank fully passes through the intermediation cost to households. In
addition, the bank applies a borrowing wedge to the prevailing after-intermediation-cost interest
rate. We choose the intermediation spread and the borrowing wedge for the model’s steady state to

match the aggregate and distributional moments in Kaplan et al. (2018) and Auclert et al. (2020).

Mutual fund activity. Illiquid assets are equity claims on the bank. The bank owns the economy’s
capital stock and makes capital investments. It rents capital to firms in a competitive rental market.
We assume the bank operates an investment technology that transforms sectoral goods into gross
capital investment. The capital stock then evolves according to Ky = I; + (1 — 6)K;, where
investment is given by the CES aggregator

. T %

Iy = (Z(r}nv)"dj,t'” ) ’
]

where 77 is the elasticity of substitution across sectoral goods used for capital investment. Our

quantitative model takes seriously the sectoral and network implications of investment spending, as

emphasized by Vom Lehn and Winberry (2022). We calibrate the “investment use” parameter 1";””

to match data from the BEA 1997 Capital Flow table, where we compute sector j’s total contribution

to capital production as a share of the economy’s total inputs to capital production.

4.3.4 Government

Government spending takes the form of a homothetic CES aggregate over sectoral goods given by
g

1 gl gl
G = (Z(rﬁ) 5G, ) .

k

We calibrate r}? to match the share of government spending across sectors using the BEA industry
input-output “use” table, computing government expenditures in sector j as a percentage of total
government spending. Government expenditures include spending by the federal government,
federal government enterprises, state and local government, and state and local government

enterprises.
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Table 3. List of Calibrated Parameters of HANK-IO Full

Parameters Value Target / Source
Preferences
Iy Average discount rate (p.q.) 6.876 %  Internally calibrated
0% Relative risk aversion 2 Standard
¢ Inverse Frisch elasticity 1 Standard
e Elasticity of substitution between sectors in consumption 0.349 Estimation using CEX-1O
Nx Elasticity of substitution between sectors in intermediate inputs 0.1 Atalay (2017)
il Elasticity of substitution between types in labor supply 1 Standard
0y Elasticity of substitution between factors in production 1 Standard
i Elasticity of substitution between sectors in capital investment 1 Standard
Household portfolio choice
a Borrowing constraint -0.25 0.631 quarter of average income
o Capital depreciation (p.q.) 1% Internally calibrated
Py Linear adjustment cost 0.044 Internally calibrated
P1 Convex adjustment cost 1 0.956 Internally calibrated
Y,  Convex adjustment cost 2 1.402 Internally calibrated
Financial Intermediary
w Intermediation cost 0.5 % Internally calibrated
¢ Borrowing wedge 3.106 %  Internally calibrated
Firms
K Aggregate capital adjustment cost 20 Ay after shock

Nominal rigidities
€ Average elasticity of substitution for goods in retailer bundling 12.347 Baqaee & Farhi (2020)

Xj Average price adjustment cost 96.08 Pasten (2017)

€”  Elasticity of substitution for labor 10 CEE (2005)

x¥  Avg. duration of wage contracts 0 Flexible-wage limit
Government

Az Taylor rule weight on inflation 15 Standard

Ay  Taylor rule weight on output 0 Standard

712> Income tax rate 27512 %  Standard

We assume the government balances its budget at steady state. Any surplus or deficit is
rebated to households according to a rescaling rule that is designed to neutralize the quantitative
implications of potentially counterfactual lump-sum transfers. The proportion of the aggregate
rebate distributed to households of type i is equal to their income share in stationary equilibrium.

The monetary authority follows a standard Taylor rule with weights A, and A, on inflation
and output, respectively. We assume the monetary authority uses the counterpart of the empirical

CPI to measure inflation in this context.

4.3.5 Remaining Calibration Parameters

In addition to the parameters already discussed in this section, we calibrate the household discount
rate p to match average MPCs, and we calibrate the capital depreciation rate § to match the
aggregate capital-output ratio. We set the capital adjustment cost parameter « so that our baseline

model matches VAR evidence on the relative response of investment and output to a monetary
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Table 4. Calibrating Alternative Models

Parameters Data Source HANK-IO HANK-IO HANK
Full A1+A2
Calibration
Iy Average discount rate (p.q.) 6.876 6.876 6.876
r Real interest rate (%) 4.96 5.28 5.66
fe Elasticity of substitution 0.349 0.349 0.349
€ Relative income elasticity Het Homo Homo
Qrc Taste preference By-type Symmetric Symmetric
re Wage share By-type  Symmetric Symmetric
rm Input-output structure Yes Yes No
Sectoral heterogeneity Yes Yes No
Moments
K/Y Mean illiquid assets to GDP ratio 292  KMV(2018) 292 2.55 2.26
B/Y Mean liquid assets to GDP ratio 0.23 KMV (2018) 0.23 0.23 0.23
G/Y Government spending to GDP ratio  0.16 ~ ARS (2021) 0.16 0.16 0.16
Borrower  Fraction witha < 0 0.15  Bayer (2020) 0.15 0.16 0.16
rtb"""ow Borrow rate (%) 8.00 KMV(2018) 7.56 7.89 8.27
HtM Fraction of HtM 030 KMV(2018) 0.35 0.32 0.35

policy shock. We take the remaining parameters—including Taylor rule coefficients and the labor
income tax rate—from the literature. We calibrate the borrowing wedge to match the share of
borrowers. We summarize the calibration of our baseline HANK-IO model in Table 3. We show

comparison of moments from our quantitative model to the targets in Table 4.

44 Alternative Models

In addition to our main quantitative model (“HANK-IO full”), we also calibrate two instructive
comparison benchmarks to illustrate our quantitative results in Section 5. Our first comparison
benchmark (“HANK-IO A1+A2”) deviates from the full model by only shutting off earnings
and expenditure heterogeneity, exactly as under assumptions Al and A2, which gave rise to
the analytical as-if benchmark of Section 3.1.2! Our second comparison benchmark (“HANK”)
corresponds to the standard one-sector one-type HANK limit of our model. This benchmark not
only shuts off earnings and expenditure heterogeneity, but also all other dimensions of sectoral
heterogeneity. We calibrate households’ discount rate to be the same across models and let the real

interest rate adjust to clear the bond market.

2l To turn off expenditure heterogeneity, we assume that consumer demand takes a homothetic CES structure where
the relative income elasticity becomes homogeneous across sectors £; = 1 — 77.. All household types share the same CES
weights, which are symmetric across sectors. To turn off earnings heterogeneity, we assume that all sectors allocate an
equal share of total wage expenditure across household types.
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5 Policy Transmission in HANK-IO

In this section, we use our quantitative HANK-IO model to revisit the transmission of monetary

and fiscal policy.

5.1 Monetary Policy

Figure 5 plots impulse responses of macroeconomic aggregates to a 25bps contractionary monetary
policy shock in the full quantitative model (“HANK-IO full”, solid blue line) as well as the two
comparison benchmarks, whose calibration we summarize in Table 4. Figure 5 illustrates two
quantitative results: First, sectoral heterogeneity amplifies the aggregate effects of monetary policy.
Panel (1) shows that the at-impact response of real GDP in the multi-sector variant of the standard
HANK model (“HANK-IO A1 + A2”, dashed green line) is roughly twice as large as in the standard
model (“HANK?”, dashed red line). Second, as in Section 3, household-sector linkages dampen
aggregate monetary policy transmission. In the full quantitative model, the at-impact real GDP
response is roughly 30% smaller.

Accounting for sectoral heterogeneity increases monetary non-neutrality. This is a well-
understood result from the literature on multi-sector New Keynesian models (Pasten et al., 2017;
Rubbo, 2023). Our analysis highlights that household-sector linkages push against this amplifica-

tion. The remainder of this subsection discusses the forces underlying this result.

iMPCs. Our quantitative model matches intertemporal marginal propensities to consume (iMPCs)
over time, as well as at-impact MPCs across household types. These are illustrated in Panel (1) of

Figure 6, which compares model MPCs against data from Auclert et al. (2023).

Earnings heterogeneity. In our model, contractionary monetary policy decreases the income of
low-income households the most, as depicted in Figure 6. This pattern is consistent with empirical
studies by Amberg et al. (2022) using Swedish administrative data, Faia et al. (2022) using U.S. data,
and Hubert and Savignac (2023) using French data. They collectively underscore the U-shaped
impact of monetary policy shocks on labor income, which is most pronounced for low-income
households.

Expenditure heterogeneity. Our model predicts that monetary policy shocks exhibit a U-shaped
effect on purchasing power across income groups, with mid-income earners least affected. This
outcome largely stems from the non-homothetic CES demand function embedded in our full model.
In Panel (3) of Figure 6, we instead illustrate the cross-sectional incidence on purchasing power

under homothetic CES preferences.
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Figure 5. Monetary Policy Shock

Note. Figure 5 plots aggregate impulse responses to a contractionary monetary policy shock in HANK-IO Full (solid
blue line) as well as the comparison benchmarks HANK-IO A1+A1 (dashed red line) and HANK (dashed green line).
The calibration of these alternative models is reported in Table 4. Panels (1) through (3) plot dlog Y}, dlog C;, and d log I;
constructed using an expenditure-share-weighted Divisia index. Panel (4) plots inflation in the GDP deflator, d7r;. Panels
(5) and (6) plot changes in the real interest rate and the monetary policy shock in %. The monetary shock has a half life of

1 quarter.

(1) MPC Across Types
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1-20th ~ 21-40th  41-60th  61-80th  81-100th
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Figure 6. By-type Responses
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Note. Figure 6 plots the annual MPC, at-impact changes in labor income, and at-impact changes in consumption price
for each household type across the income distribution. The blue bars are generated by the HANK-IO Full model. The
data in Panel (1) is reconstructed from Auclert et al. (2023), and data in Panel (2) comes from Amberg et al. (2022).
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Figure 7. Alternative Model Results

Note. We plot alternative models” at-impact dlog Y in response to a 25bps contractionary monetary policy shock (panel
(1)) and a current-allocation deficit-financed fiscal shock.

The role of sectoral heterogeneity. Next, we dissect the impact of sectoral heterogeneity on the
at-impact response of real GDP. By adding each heterogeneous feature to the HANK model one
at a time, we observe their individual contributions. The yellow bars in Figure 7 illustrate the
comparison between an alternative model with one sectoral heterogeneity added to the HANK
model with no sectoral heterogeneity. Heterogeneous price rigidity amplifies monetary policy
transmission by 54%. The HANK-IO model’s departure from monetary neutrality is also notably
more pronounced, enlarging the aggregate economic response by 55% with the integration of the
BEA input-output structure. This amplification aligns with the theory that production networks
exacerbate the overall nominal rigidity, thereby reinforcing the responses of real consumption and
investment. Conversely, we find that other sectoral heterogeneity such as government spending

share, capital investment network, factor share heterogeneity, and markup variations contribute
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little to the aggregate effect of policy transmission. Sectoral heterogeneity all together amplifies

monetary policy transmission by 106%.

The role of household-sector linkages. Building on HANK-IO A1+A2, we incorporate earn-
ing heterogeneity and expenditure heterogeneity separately to discern their individual impacts.
Earning and expenditure heterogeneity push changes in aggregate economic activities in oppo-
site directions. Expenditure heterogeneity significantly intensifies the model’s response to policy
shocks, leading to a 110% increase in the change of aggregate economic activity. In contrast, earning
heterogeneity exhibits a dampening effect, attenuating the transmission of monetary policy. When
considering the interplay of household-sector linkages, the net influence appears to be a tempering

one, with an overall dampening of policy transmission by 31%.

5.2 Fiscal Policy

Figure 8 reports our quantitative results for fiscal policy shocks. We allow for different assumptions
on the responsiveness of government debt and the expenditure weights of public spending. Across
all scenarios, we consider a 1% increase in real government spending d log G; on impact, with a
half-life of 1 quarter. Panel (a) plots the impulse responses of real GDP (a.1) and consumption
(a.2)—both measured using changes in expenditure-share weighted Divisia indices, d log Y; and
dlog C;—as well as government debt dB; (a.3) and the fiscal spending shock d log G; (a.4). Panel (b)
shows the on-impact fiscal multiplier across all experiments.

We consider six alternative models with variations in three dimensions: (i) the fiscal shock
is either financed with a balanced-budget principle (“BB”) or with bond accumulation (“DF”)
persistence with a half life of 8 quarters (in line with Auclert and Rognlie (2018)’s estimate)
where dBg; = exp(—0; * t)(dB;_1 + dG;); (ii) the government spending adopts either the current
spending share allocation (“Current”), or is fully allocated to the highest at-impact multiplier
sector (“Targeted”); (iii) the model is either vanilla HANK (“HANK"), or accounting for only
sectoral heterogeneity (“HANK-IO A1+A2”), or the full model with household-sector linkages
("HANK-10").

The red and orange dashed lines in panel (a) plot transition dynamics in the HANK comparison
benchmark in response to a deficit-financed and balanced-budget government spending shock
respectively. The associated impact multiplier is 1.42 for deficit-financed, and 1.14 for balanced-
budget, in line with the findings in Auclert et al. (2023). Deficit-financed fiscal policy has a larger
on-impact multiplier than balanced-budget policy because consumption is not crowded out by taxes
and transfers. Under balanced-budget policy, consumers’ after-tax and after-transfer income—and
thus consumption—remains largely unchanged. While under deficit-financed policy, households’
after-tax and after-transfer income increases as additional government spending is not fully offset
by contemporaneously higher taxes. Consumption increases more in response to deficit-financed

than to balanced-budget fiscal policy shocks.
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Figure 8. Fiscal Policy Shock

Note. Figure 8 plots the aggregate impulse responses to different fiscal policy shocks (panel a) and the associated
on-impact multipliers (panel b). Panels (a.1) and (a.2) plot changes in output and consumption constructed using an
expenditure-shares-weighted Divisia index. Panels (a.3) and (a.4) plot public debt and the government spending shock.
The on-impact fiscal multiplier in panel (b) is calculated as dY; /dG;.

Similar to the monetary policy shock, sectoral heterogeneity amplifies the aggregate effects
of monetary policy. The HANK-IO model without earnings or expenditure heterogeneity has
an impact multiplier of 2.60, which is 82% larger than that in the HANK benchmark. Panel (2)
of Figure 7 dissects the individual heterogeneity’s effect. Heterogeneous price rigidity and the
input-output structure have notable amplification implications, while heterogeneous factor share
dampens transmission.

From HANK-IO A1+A2, incorporating household-sector linkages through earnings and
expenditure channels dampens policy transmission. The blue solid line plots transition dynamics
in response to the same deficit-financed spending shock in HANK-IO Full model. The on-impact
multiplier is 2.05, which is 21% smaller than in the HANK-IO A1+A2 comparison. This compares
to a fiscal multiplier of 1.43 for a balanced-budget spending shock in HANK-IO Full.

The allocation of aggregate government expenditures across sectors plays an important role
in the transmission of fiscal policy to economic activity. We compare three different spending
scenarios: “current” uses empirically observed expenditure weights, “uniform” assumes a uniform
allocation of expenditures across sectors, and “targeted” assumes that spending is allocated to

maximize the on-impact output multiplier. The baseline fiscal multiplier of 2.05 uses empirically
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Figure 9. Sectoral Output Implications of Monetary and Fiscal Policy Shocks

Note. Figure 9 visualizes the heterogeneous incidence of stabilization policy across production sectors. Panel (1) plots
the on-impact response of sectoral activity dlog Y to a 25bps contractionary monetary policy shock with a half-life
of 1 quarter, ranking sectors in ascending order. Panel (2) plots the on-impact response of sectoral activity to a 1%
expansionary, deficit-financed fiscal policy shock, assuming an allocation of spending according to the empirically
observed expenditure shares.

observed expenditure weights to allocate additional government spending. It is only slightly
smaller than the fiscal multiplier under a uniform allocation of spending, which is 2.06. Targeted

spending, on the other hand, attains a larger multiplier of 2.17.

Sectoral incidence of policy transmission. The incidence of stabilization policy varies across
sectors in our model. Figure 9 plots the response of sectoral activity to a 25bps contractionary
monetary policy shock (panel 1) and an expansionary, deficit-financed government spending
shock (panel 2). The sectors (y-axis) are ranked in descending order according to the on-impact
output response to the monetary shock. The responsiveness of sectoral activity to monetary policy

shocks ranges from —6% (deviations from steady state) for the retail sector to —40% in the arts and
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entertainment industry. The sectoral incidence of fiscal policy—assuming an allocation of spending
across sectors in proportion to current public expenditure shares—is broadly symmetric. Activity

in retail trade features the smallest response while activity in mining is most responsive.

6 Conclusion

This paper is motivated by empirical evidence of systematic household-sector linkages in disag-
gregated micro data. We build a quantitative framework to assess their implications for policy
transmission and the aggregation of sectoral shocks. Our “HANK-IO” model brings together a
heterogeneous-agent New Keynesian model with a multi-sector business cycle model with input-
output linkages in the tradition of Long and Plosser (1983). We analytically characterize an as-if
benchmark that features a strict decoupling between household and sectoral heterogeneity. Away
from this benchmark, however, novel earnings and expenditure heterogeneity channels emerge

through which household-sector linkages have important implications for policy transmission.
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Online Appendix

A Additional Model Details

A.1 Labor Market Structure and Union Problem

We follow closely Erceg et al. (2000) and Auclert et al. (2023). Each household of type i provides n; ¢

hours of work to each of a continuum of unions indexed by k € [0, 1]. Total labor hours supplied by

l’li,t = /knik/tdk.

Each union aggregates effective labor units provided by each household into a union-type-specific

this single household are

task Nj, given by
Nig = N .

A labor packer then further aggregates these labor services into aggregate supply of factor

ev—1
o ()

and sells it to firms at the nominal wage W; ;. Importantly, unions ration labor so that all households
of a type work the same hours.

Labor union k sets a common wage Wy, for each of its members. It can adjust this wage
flexibly—unlike Auclert et al. (2023), our paper focuses on price stickiness, for which we have good

sectoral data. Under flexible wage adjustments, we obtain a type-specific labor supply curve

where w;; =

pf': we assume that unions maximize an objective specified
1
in terms of average consumption for each household type.
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B Proofs

B.1 Proof of Proposition 1
B.1.1 Dynamic IS Curve

We impose assumptions Al and A2, and we also assume that the household consumption and
government spending aggregators are the same CES, D = G. We drop household i subscripts to

emphasize that all types are effectively symmetric under these assumptions.

*1 =1 5
-1

/.
Consumption is then given by ¢; = [L;x;c;! |7 and Gy = [1L;%;G;! |7, where x; is the

1
1-

CES weight on good j. The ideal price index then solves P; = [Zj ij}; } , and the standard
sectoral demand function is then given by ¢;; = «; ( i t) Tey.

Under assumption A2, we also have n;(a,z) = N; for all (a,z), where N; is aggregate labor.
Using the GDP deflator P;, the household budget constraint can then be written as a; = Ry_1a;—1 +
et + Ty — ct, where R; is the real interest rate. Real earnings are given by ¢;(z) = © (ztht +
ZP% Zj Hj,t) 17/\, where w; = % is the real wage.

Notice that aggregate corporate profits satisfy %Ht = P% Y (Piyis — WeNje — Yk PrpXint)-

Given the price index P;, we can unambiguously define real GDP in levels,
Y/ = Y}

Therefore, we are left with
ftnf P, < E PitYit — Z Z pk,txjk,t> — wiN;
j j ok
1
2 E Pit¥Yjt — Epj,txkj,t — wiN;
j k

= Yt — ZUth

where we used the labor market clearing condition N; = }_; Nj and the sectoral goods market

clearing conditions. Household earnings can then be written in terms of real GDP as

er =tz MY

Sequence-space recursive representation. The household problem admits a recursive representa-

tion. The consumption policy function can be written as c;(4, z), and likewise the post-tax earnings

function of a household is given by e;(a).
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As in Auclert et al. (2023), we now define
7y = / er(a,z)gi(a,z)dadz = Tthl_/\ /zl_)‘gt(a,z) dadz,

and we define the government’s tax revenue as T; = Y; — [ e;(a,2)gt(a,z) da dz. Total income is
split into tax revenue and post-tax payouts to households via labor income and dividends according
to Y; = Z; + T;. Finally, notice that we can define a given household’s post-tax income as

1-A

B - z
er(a,z) =e(z) = 2! Y} = [21-7¢,(a,Z) da azt

where we used

Z
Yl*/\ — t
wly [z gi(a,z) dadz

from above. Crucially, the normalization here [ 217*¢;(a, %) dadz is a constant even though g;(*)
moves around. Therefore, we have
er(z) = e(z; Zy).

Summarizing: the household problem. In conclusion, the household problem can be written as

{C[}tZO

max IEg gﬁt [U(Ct) - U(Nt)} ’

subject to

1-A
Z

Z
[21*gi(a,2) dadz !

ct+ap = (14+r1)a; +
aiy1 > 4,

and taking as given the law of motion for idiosyncratic earnings risk z;. It then follows that the

household’s consumption policy function at time f can be represented as

ct = c(a,z; {Zs,rs} )
s>t

Similarly, we define the aggregate consumption function as

Cr = /c(a,z; {Zs, rs}52t> gt(a,z) dadz,

which consequently also admits the representation

o({7r))
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taking as given the cross-sectional distribution at time t. Crucially, g; is invariant to shocks (since

it’s pre-determined at time t), so we don’t explicitly need to take it into account.

Sectoral demand and goods market clearing. The key observation so far is that the aggregate
consumption function of this economy, C;(-), admits the same sequence space representation as in
the standard HANK model. Now using household sectoral demand, we can also characterize an

aggregate sectoral consumption function, given by

Cip = /c]-,t(a,z)gf(a,z) dadz
= /Kj<rg)ﬂc<a,z;{zs,rs}s>t) gt(a,z) dadz
_ Kj(@‘”ct({zs,rs}szt).

The sectoral demand equations implied by CES preferences aggregate conveniently. In particular,
sectoral demand is a function of aggregate consumption and the relative price. Only the contempo-
raneous relative price matters, while the forward-looking sequences {Z;, rs } matter to pin down
the aggregate consumption level.

We can now use this in goods market clearing, which becomes

Yt = Kj <;Z:)ﬂcf({zs'75}s>t> + K; <l;;:> 7)7Gt.

Plugging into the definition of real GDP, we now have

Y=Y %Kj <TZ:> ! (Ct ({zs,rs}szt) + Gt>

j
= ZKJP};”Pt_(l_W) <Ct <{Z5’r5}s>t) + Gt>
] >

1
Using the definition of the ideal CPT P; = [ ¥, «; p}/t_”] =7, we arrive at

Yo=Y xp <Z"fﬁt”> ) (Ct ({zorf )+ Gt)
j ] -
— Ct({zs'rs}szt> + Gt.

This concludes the proof of the dynamic IS curve representation.
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B.1.2 Dynamic LM Curve

The real interest rate is given by the Fisher relation
Ty =1 — 71,

where i; is the exogenous nominal interest rate and 7; = % — 1 is CPI inflation in the as-if
benchmark. The CPI P is a function of sectoral prices p;;, which are themselves determined by

sectoral Phillips curves. In particular, sectoral Phillips curves in our setting admit a sequence-space

Pit = Pj’t({mcj’s}szo)'

Furthermore, it follows directly from firm cost minimization that marginal cost takes the form

representation

mcj = Mmcj (Aj,t/ {Prsti Wt)-

Thus, sectoral prices p;; depend on the time paths of all past and future sectoral prices, p; =
{pjs}s>0, as well as the time paths of sectoral technology shocks and nominal wages.
Finally, the nominal wage of the single labor factor (assumption A2) is determined by the

(union) labor supply schedule

v'(Ny) =

U/(ZNj’t) = o ?tu (Yt — Gt)
]

This equation solves for the nominal wage W; as a function of real GDP and government spending,
Y; — Gy, sectoral prices { p }x, and sectoral labor demand Nj ;. It then follows directly from the
firm’s cost minimization problem that optimal labor demand N;; must be a function of the wage Wi,
input prices {py }, technology A;; and output y; ;. Output y;, is determined by demand, which is
again pinned down by prices and aggregate demand.

The real interest rate r; then admits a sequence-space representation as a function of the time
paths of aggregate demand {Y; }s>0, technology shocks {A;s};s>0, and policy {Gs, T, is }s>0. This
sequence-space representation is equivalent to its analog in the representative-household RANK-IO
model, taking as given a path of aggregate demand. The assumption of labor rationing is key for
this.
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B.1.3 Proof of Corollary 2

Starting with the dynamic IS equation, we have

d aC
dY; = dGs + 2 3 ! (dYs - de)/
s=t

(Ys = T)
where monetary policy holds the real interest rate constant, dr; = 0. Notice that

ac _ ac
oY, —T.) des Ms

using our notation in the main text: this is the spending propensity with respect to a marginal

increase in unearned income. In matrix form,
dY =dG — MdT + MdY,

which concludes the proof.

B.1.4 Proof of Corollary 3

We again start with the dynamic IS equation. Differentiating,

2 e aC
dYt == Z mdys -+ airsdrs .

s=t

Recalling our definition of M}, from the main text and stacking, the matrix form becomes

dY = MdY + M'dr.

B.1.5 Proof of Corollary 4

From the definition of factor shares (revenue-based Domar weights), A = Vgﬁ,\t[f , we have

dlog Ay = dlog W; +dlog N; — dlog Py — dlog Y}.
Also notice that dlog w; = dlog W; — dlog P;. Also, from the labor supply schedule, we have
dlog Wy — dlog P; = ndlog N; + ydlog Y;.

Next, we define the time-varying markup p;; to represent the sectoral Phillips curve in reduced

form,

pj,t = ‘u]',tMC]',t.

This yields dlog p;; = dlog yj; + dlog MC; ;. From cost minimization (and Shephard’s lemma) it
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follows that marginal cost can be unpacked as
N ~ ~
dlogpj; = dlog i+ Y Qicdlog prs + Qjni1 dlog Wy —dlog Aj
k=1

dlog Py = (I - ()p> o (Q[:,L] dlog W; + dlog p; — dlogAt)

Now notice that
o= Y ¥ =1
k

because Qj; 4 ¥ Qj = 1. Therefore, we have
dlog P = 1dlog W; + ¥ dlog u: — ¥ dlog A;.
Now, notice that we can write
dlog P; = b'dlog P = dlog W; + A (dlog yt — dlog A¢)
And we have

dlog Ay = dlog W; — dlog P; + dlog N; — dlog Y}

dlog W; — dlog Py = ndlog N; + ydlog Y;.
Thus, dlog Ny = dlog P; 4+ dlog Y; + dlog A — dlog W;. Plugging in for real wages
dlog W; —dlog P, = A (dlog Ay — dlog ),
we have

dlog Ay = A (dlog A; — dlog u;) +dlog Ny — dlog Y;

A(d log Ay — dlog ;) = ndlog N; + ydlogY;,
and solving out for d log N; yields
A(dlog Ay —dlog ) =1 (dloth +dlog Ay — A (dlog A; — dlogyt)) + vdlogY;.

Rearranging, we arrive at our result.
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B.2 Proof of Proposition 5

We start from the definition of nominal GDP Y}* = }_; p;+(C;: + Gj). We then decompose changes
in nominal GDP into real GDP and changes in the GDP deflator according to

dyy = ij,t(dcj,t +dGj;) + Z(Cj,t +Gji)dpjs-
j j
Notice that we can write

1
lethn:Wsz,t(d i +dGjs) + Ynzp]t Cit + Gjs)dlogpj
boj

dCj; +dG
Jit ]t
Z Gt Gy + ) bjdlogpj
)

b
= Zb]-d log Cj; + Z éde't + E bidlog pi -
] ] ]

where the last line evaluates around a steady state with G;s; = 0. Notice that

bi pi(Ci+Gj) p

R T T

where the last equality uses our numeraire assumption that Y/, = 1. Thus, we arrive at the following

expression for real GDP changes:

dlogY; =Y bjdlogCi; + Y _ pidGj,.
j j

Fiscal policy. Under our CES assumption, we have

B p],t —1G
Gjt = Kg; <PGt> Gt,

where X

1— 1—I]G
PGt = [EKGJP WG:| .

Thus, we have

—G
dG]t = KG] <1€étt> |:th —1G (d log pj,t — dlog PG/t) Gt:| .
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We evaluate our result to first order around a steady state with Gss = 0. So we are simply left with,
to first order,

p. e
dG]',t = KG]'<]> de

Sectoral consumption. Next, we unpack sectoral consumption. Recall that

Ciy ({31‘,5, Ris }szt) ’

i

Pit\
Cir = L ik <pt>
i 9
We have

1
dlog Cii = a Zyid [KZ-]- (l;]
It

it
it

i
)
= Ly (B2 "acy, - i a10g pys — drog s )
- a ZVZKZJ K it — Wi Og pjt —alog Lt it
4 1 ’
Notice that real GDP is weighted by

p N\ i P N\ i
b]d lOg Cj,t = p] Z ,uiKi]' <PZ> dCi,t — p] Z }liKl']' <PZ> i <d log pj,t —d IOg Pj,t> Cl'
1 1
where we now evaluated around steady state and used our numeraire assumption Y” = 1, which
implies
p]'(C]' + G]')
bj=—"——i— =riC
Next, we work out the contribution to real GDP. Evaluating around steady state, the consump-

tion is given by
Z bjdlogC;; = Z pj [Z HiKij <P> acCi; — Z,uiKij <P> i <d log pj+ — dlog Pl-,t) Cl}
j j i 1 i 1

N\ i N\ i
= ZZVZKUP] <?> dCi,t — ZZ‘u,K,]p]<r;]) 171' (dlog pj,t — dlogPi,t> Ci.
joi ! i !
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The first term becomes

Now notice that

Thus, we get

N\ i o
ZZWWP;‘(?) ACie = Y P! Y kiyp; "dCy
i ! i j

=Y wPl'P"dC;,
=Y uiPdCj,.

N\ 17
dlog Py = Y 1 <r;;z> dlog p
7 i

N\ i
_ ZZyiKi]’pj (?) i (d logpj: —dlog Pi,t> Ci
joi !

P " Py "
=_ ZZyiKijpj <P> i (d log pj: — ZKij <P> dlog pj,t) Ci
joi ! j !

= — Z,”i’?ici
= — ZVﬂ?iCi

=— Zﬂiﬂici

=0.

i pi —7i pi 7 pi 1-n;
ZKZJPJ E dlog p],t — ZKUP] ﬁ ZKU ? leg P],t
L J j ! j !

I pi\ " AN
L J J

1= pni 1—1i pti
ZKijp], 7 Pz'ﬂ dlog Pit — ZKIJP] 1 Pz'17 leg pj,t]
]

Under CES, there is no composition effect.

Real GDP. We are thus left with

d log Yt = E yiPz-Cid log Ci,t + PGth

= ZViPiCi Z (E)logCi,t dloge;s + alogCi’tullog Ri,s> + PcdG;.

dloge; " " 9logR;,

s>t
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Next, we havee; s = d(i’fs (zY!'gis)' ™), and so
dloge;s = —dlogP;s +dlog T+ (1 — A)dlog Y!' + (1 — A)dlog ;.
Notice that around the steady state with G = T = 0 and numeraire Y" = 1, we have

Tthn = Ytn — Tf

dlogt +dlog Y = dlog(Y]' — T})

ayl' —dT,
no__ t t
dlogt +dlog Y} = YT,
ay 4T,
n __ t t
dlog +dlog Y} = v
dT;
dlog T = —Ttn
leg T = —th

Finally, using A = 0, we have
dloge;s = —dT; +dlogYs —dlogp;s +dlogd;s.
Thus, we have
dlogY; = ZyiPidCi,t + PdGy
i

= Z ]/tiPiC,-d log Cit + PedG;
i

= Z‘uiPiCi Z (Mi,ts [ —dT; + leg Ys — dlog Pis + dlog éz‘,s} -+ M;tsdi’i,s> + PgdGy.

s>t
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_ 0dlogCi;
S 7 dloge;

where M;; . Now notice that by definition

d log Pt = Z p]',thltd log Pj,t
j

P —7i
= Z p] Z ]’lle] <P]> Cld log P],t
j i !

pj 1=n;
— ZVIPZC12K1]<P]) leg Pj,t
i j i
= Z yiP,-Ci d log Pi,t-
i
We next show that under our (steady state) nominal GDP numeraire, we have
E“LIZ‘PZ‘CI' =1.
i
This follows because we have 1 = Y, = Zj p;C;, and
Z,Mipici = Z,Mi ijcij = ZP]‘ Z,”icij = Z piC;.
1 1 ] ] 1 ]

Our result follows after applying a covariance decomposition using the operator [E; = ), u;.
Note that

Z ]/liPiCiMl‘ d log Pi = Z "Ml‘Ml‘ Z yiPiCid log Pi— COZ)l‘ <Ml', PiCi d log Pi)
i i i

Ml' Z “I/ll'PiCl' (d log Pi,t —d 10g Pf) - CO’()Z' (Ml', PiCl' d log pz)

Ml' 2 yiPl-C,-d log Pi,t —d log Pt Z ]/liPiCi ) — COZJZ' (Mi, PiCi d IOg Pz)

——
=dlog P} =1

so the average term cancels.
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B.3 Proof of Proposition 6

Firms. Firm cost minimization implies that

N I
dlogy;; = dlog Aj; + Y Qydlogxi: + Y Qjniidlog Njiy
k=1 i=1
['jdlog%; = dlog p — dlog MC; — dlog A;
N I
d IOg MC]',t = Z Q]'k d log Pkt + Z QjN+i d IOg Wi,t —d 10g A]',t
k=1 i=1
We still have the Domar weight definition

1iW;tN;
- ATt
,uz 1,t Pth

now accounting for household mass. From here, we have
dlog Aj; = dlogW;; +dlog N;; — dlog P; — dlog Y;.
Next, we write

N i
dlogpj; = dloguj; + Y Qdlogpii+ Y Qinidlog Wiy —dlog Aj,
k=1 i=1

N\
dlog Py = (I - Q”) ( ) Q. ni) d1og Wi + dlog pr — dlog At)
=1

1=

Now we have
d log p]-,t = ZZ(I — Qp)ﬁlﬂjl\]_._i d 10g Wj,t + Z‘?]k (d IOg Uit — d log Ak,t)
ki k

or simply
dlog pjt = ZTjNH dlog Wi + Z‘I’jk (d log yix+ — dlog Ak,t)
i k

Network objects and Domar weights. The goods market clearing condition for good j is

Piayie = Y HiPitCije + ) PjaXie
i k
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Now aggregating households, we have
Pityje = PitCir + ;Pj,txkj,t
= pjt Y HibijsCip + ; Pj Xkt
i
where

C]’,t = Z HiKij (gf) ’”’Ci,t ({ei,sr Ris }S>t>~
l : >

b — PitCit _ Pix i pibijsCi
" YipitCie X pjt X MibijiCip

as the final (consumption) expenditure share of good j. Now we can rewrite the goods market

Now define

clearing condition as
PitYir = bj,t( ) pid ,uibij,tci,t> + ) Ot Priis
j i k

Now notice that }; p;:C;j; = Y/ is also nominal GDP. So defining the revenue-based Domar weight

_ Pit¥jt
Aj,t - Ytn 7
we have
Ajp = bjp+ Y O Ais
k
At = by + QA
A= b+ A Qy,
and thus
At = bi¥y
Similarly, we define
Al = b)Y,

Putting it all together, we can write

dlog Py = bjdlog pj¢ = Y Aysdlog Wis + Y Ars(d1og i — dlog Ay )
i k
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Wages. The key change is that there is now a labor supply equation for each labor type. We have

Wi,t . ev U,(Ni,t)

1

Pi,t el?” -1 M/(Cz‘,t)

and therefore
d ]Og Wi,t —d log Pi,t =1 d log Nj,t + i d log Ci,t-

Now, crucially, we can no longer use the goods market clearing condition to just solve out for

dlog C; ;. Instead, we will use our sufficient statistics on the household side. We have

Cit = Ciy ({ei,s,ri,s} )
s>t

Thus, we have

dlogC;; =

(‘)‘H

Z Mz tsdez s + Mz tsdrz s)
s>t

C. 2 Mz tsdri,s

1t5>t

m‘_

ZM ( dT; 4+ dlog¢is + dlogY; —lengs> +
s>t

Domar weights still solve
dlog Ay = dlogW;; +dlog N;; — dlog Py — dlog Y;.
We now introduce our two sufficient statistics
Git =1+ Ajy — EiAjy
dlogp;; = dlog P;; — dlog P;

This yields
dlog N;; = dlog P; +dlogY; +dlog A;; — dlog Wi,
and plugging in we get
dlogW;; —dlogPi; = n;dlog Py + 1;dlog Yy + n;dlog Ay — 7;dlog Wi s + vi dlog C; 4
(1+n;)dlogW;; = (1+1n;)dlog Piy — n;dlogp;; + nidlog Y + n;dlog A;+ + vidlog C;

dlogW;; = dlogP;; —

1717 dlogpis + 77;7 dlogY; + Ui’?

1 1+7;
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Now I actually want to go in the other direction! I want to solve out for dlog P; ;! So this yields

-dlogp+ + dlog P + LdlogYH— i

1
dlogWiy = ——
Og Z,t 1+171 1+’71 1+171

it
Now plugging into the pricing equation and noting that y_; A, ; = 1, we have

i
1+

dlog P; = ZAlt <

i Vi
dlog C;
1+ 1+7n; 8 l't)

+ ;/\k,t (d log yx+ — dlog Ak,t)
and simplifying, we arrive at
ZA” - dlogYs = ZA” dlogplt—ZAlt 17 dlogAlt—ZAlt1rmdlogci,t
+ ; A (dlog Ay — dlog i)

This concludes the proof.
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C Quantitative HANK-IO: Model Details

This Appendix provides a self-contained description of the quantitative HANK-IO model that we
implement and take to the data in Section 4.

C.1 Production Network

Production in this economy takes place in N distinct production sectors. Within each sector, we
adopt the standard New Keynesian structure in which a retailer bundles intermediate varieties
produced by a continuum of intermediate goods producers. Dimensions of heterogeneity include
share of intermediate input bundle in production factors y, j, and share of capital in primary factor

a;. We detonate all variable in sector j with a underscript j.

C.1.1 Retailer

The retailer produces the final consumption good by bundling intermediate varieties according to

the CES aggregation technology

1 o =1
Yt = </0 yj,t(k)edk> ,

where y;; denotes sectoral production output and y; (k) is the output produced by intermediate
firm k in sector j. € denotes the elasticity of substitution across intermediate inputs. Each retailer

demands intermediate input j according to the standard demand function

pis(k)\ €
yj,t(k):< ]t_ > Yits
Pt

where P; (k) is the price of intermediate good produced by firm k in sector j, and P; is the producer

1
1 =
Pit = (/0 pj,t(k)ledk> .

C.1.2 Intermediate Goods Producers

price index (PPI) in sector j,

Production function. Firms in each industry employ CES technology to transform intermediate

inputs, capital and labor into final products.

1 1 A
Tfji~ 1 U

1
Yie = Aje | (L= )" (fie) "7 4 () 7 (x16) 7
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where A;; is the factor-neutral total factor productivity of sector j at time f. y,; is the share of
intermediate inputs factor in sector j’s production function. 74 ; is the elasticity between primary
factor and intermediate input factor. f;; is the primary factor, and x;; is the aggregate intermediate
input bundle.

Primary factor. f;; is aggregated by a Cobb-Douglas technology,

fie = (Kj)™ (Nj)
a; is the share of capital in the primary factor production in sector j. K ; is capital in use for sector j,
Nj ;s is the effective labor of sector j.
Intermediate inputs bundle. x;, is aggregated by a CES technology,

x,j

S 1 T =1\ M1
p— X Mx,j . Mx,j
Yjt = Z( jk) (xjee) "™

k=1

where 77, ; parameterizes the elasticity of goods used in the intermediate input bundle from dif-
ferent sectors i. I indicates the share of importance of industry k in the production of sector j’'s
intermediate input bundle. xj;; is the unit of final goods from sector k used in j’s intermediate
input bundle.

The standard demand functions for intermediate inputs from sector i is given by

-
Xjkt = X}((Pk,t) XJX‘t
75, ] ij,t Ir

where py ; is the producer price index (PPI) in sector k and pjy ; is the price of intermediate input

bundle in sector j. The relationship between intermediate input prices and the bundle price is given
by

1

| T
Pjxt = [erk(Pk,t)l 7]"”]

k

Nominal profit. There is an integrated and competitive market in which firms rent capital. The
nominal rental rate of capital is iK. Market clearing in the labor markets reallocation gives rise to

a nominal wage rate W;;. The nominal price of the intermediate inputs bundle is pj, ;. Firms in
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sector j have a nominal profit

_ . empl N K1 . .
I = PjtYit — (T—1 )Wj,tN],t - Ky = PixtXjt
S~ N~
Revenue from sales Cost of labor Cost of capital ~ Cost of intermediate bundle

where "' is the employment subsidy from the government to address the distortion resulted

from monopolistic competition.

Optimization. The sector-specific salary expenditure is aggregated through the CES technology.

The optimal composition between wage for different household types and effective labor is given

by

W: —Lj
Nijs = <Wl.’t> TN

1
1—7/1,]'
Wi = [Zrzz';(wi,t)lm'j]

where Nj;; is the effective labor of household type i in sector j, 17, is the elasticity of substitution
between labor supply by different types of workers for sector j, W, is the type-specific wage, W;
is the sector-specific wage, I'j is the share of salaries earned by type i worker in sector j, and Nj is
the effective labor in sector j.

In our baseline model, we calibrate 17; = 1 across sectors. The optimal labor factor composition

for each sector can be re-written as

Nij,tWi,t — F?}’W-,tN-,t
Wi = TT; (W)

Furthermore, the optimization yields the relationship between marginal product of intermedi-
ate bundle and its nominal price as

ay]',t
ax]‘/t

Pjx,t = MCj,t

Ui 1 1

= MC]',t(A]‘,t) £ (ﬂx,jyj,t)ﬁ(xj,t)_m;

(pje)i = (MCj )5 (A ey (x0)
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Similarly, for the primary factor, we have
K . - S fie\M
(91 = (MG (41271 = e o) (s
o

em Gz ; i— - , L
<(1 T ”l)Wj,t> "= (M) (A )15 (1 = pa )y (i) ! ((1 - ’Xj)l\“)
1

In our baseline model, we calibrate 777; = 1 across sectors. Denote iy ; = (1 — piyj)a; to be
the share of capital in total production, and y;; = (1 — pix;)(1 — &j). The production function is

therefore given by
Yie = A (x3)"™7 (K™ (Nj) ™

The nominal marginal cost of production is given by

1 1
At (b j )17 (pe )1 (i

Mcj,t _ )}lz,,' (pjx,t)yx'j (lf) Hk,j ((1 . Templ)wj/t>ﬂl/i

The optimization yields the relationship between marginal product of factors and their nominal

prices
Yjt
Pixp = MCj i =
x],t
K Yit
i, = MC; o
t ]'t'uk']Kj,t
1 — mPHYW., = MC: it
( ") it = ],t,”l,]N,
Jit

We define the real marginal cost in sector j as

Given the definition of marginal cost, the firm’s nominal profit can, as usual, be expressed as

Hj,t = (1 — mC]',t)p]’/ty]‘,t.

Dynamic price-setting. We have now discussed firms” optimal composition of factors of production.
In this essentially static choice, the firm takes as given its price level p;,(k), which is sticky in the
short run, as well as the demand it faces at this price level, y; (k). We now turn to the dynamic
choice of the optimal price level subject to an adjustment cost in the spirit of Rotemberg (1982).
Define 7t;(k) = pj:(k)/p;j:(k) to be the instantaneous rate of inflation in the price of firm k.

Firm k determines this rate of inflation subject to an adjustment cost (in utility units), in order to
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maximize an appropriately discounted sum of all future profits. The firm’s problem, then, in real

terms, is given by

© o1
max [ e 0L (0 ey )y (R 0 — A ),
ﬂj/t(k) 0 pj,t

The cost of adjusting prices at rate 77j,(k) is given by A(7;,(k)). We assume the specific functional

form

A((0) = 5 (3 00) by

Lemma 7. The New Keynesian Phillips Curves for each production sector of the economy can be written as

e—1 €

€ ))(]

ﬁj,t = l[)7T]',t — (ﬂ’lC]‘,t —
Proof of the Lemma is provided in Appendix C.6.

C.2 Government
C.2.1 Fiscal Policy
Employment subsidy. The government implements an employment subsidy 77! = 1. On the
household side, the government pays a wage subsidy to households, and such outlays are funded by

a lump-sum tax based on aggregate employment. That is, the household-side net fiscal rebate that

a household with idiosyncratic labor productivity z receives is always zero, with
1
/ TP (1= )z Wik e sk — TP (1 — )z Wi gy = 0
0

On the firm side, there is an employment subsidy in place to avoid distortion resulted from monopo-
listic competition. The government gives each firm k an employment subsidy ¢! W;N; (k). And
such subsidy to firms is funded a lump-sum tax based on aggregate subsidy. The aggregate subsidy
is given by Y, T""P'W; ;N .

Tax collected. The government’s fiscal income comes from payroll tax collected, ) ; lab Wi iNjt.

Government spending. The government purchases final goods from all sectors G;; according to

the share of consumption F]g , therefore the aggregate government spending G; can be written as

Pj,th,t = F]gPth

Interest expenses. Another fiscal outflow for the government is nominal interest paid on the
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nominal government debt outstanding itPtAtg .

Transfer. The government finances such net flow through a transfer from the household. The

nominal transfer to the household’s budget constraint is
Ty = Z(Tlﬂb - TemPl>Wj,th,t — PGy — it P A + d(PAS),
j

where d(P;A?) is the change of nominal government debt outstanding. The total nominal transfer
to the households is

Ty = Y (7" — TP YW, Nj s — PGy — it P AS + PLAS + piAS,
j

which in real terms is given by

Rebate re-scaling. The government collect all the aggregate rebate then distribute them to different
household types following a re-scaling rule. The proportion of aggregate rebate distributed to type
i household is equal to the ratio of such type’s total income over all types’ total income at steady

state. Total income is defined as the sum of wage earnings and interest income from savings.

C.2.2 Monetary Policy

The central bank in our model sets the nominal interest rate, i;, according to a Taylor rule.
it = Tss + AnTle + Ay Dy + &4,

where 7 is the real interest rate in the zero-inflation steady state, Ay; = log(y:/y*) denotes the

output gap, and ¢; is the monetary shock.

C.3 Households

The economy is populated by a set of types i € 7 of households. We denote their measure by y;
and assume ) ; ;1; = 1. Household types differ in terms of their long-term income quantiles. In
addition to ex-ante heterogeneity across types, our baseline model allows for ex-post heterogeneity
in productivity (z) liquid assets (1) and illiquid assets (b) within types. We can therefore uniquely
identify a household of type i with the three state variables (a,b,z), and we denote the cross-
sectional income and wealth distribution for i by g; ;(a, b, z). All households purchase consumption

goods from and supply labor across N production sectors.
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Preference. The preferences of a household of type i are ordered according to

]EO/O e ~f()t(p"+§)dsu(ci,t) - ({”ik,tr n?lé,t}ke[o,l}> at,

where

_ NH
ciy = D; {Cil,t/ Cidtr -+ +s CiN,t}

is a generalized nonhomothetic CES aggregator and c;;; denotes the household i’s consumption
of goods from sector j at time ¢. ¢;; depends on household’s liquid asset holdings 4, illiquid asset
holdings b, and labor productivity z.

1k + is the labor hour supplied to union k. p is the discount rate. 777 ; is union k’s wage inflation.
Households die at rate {. The expectation operator is over future realizations of idiosyncratic
earnings risk. We abstract from aggregate risk in this paper. Finally, we assume CRRA preferences,
with

u(cit) = T

The cost function of labor hour and wage inflation, ®(-), will be discussed in more detail

below.

Heterogeneous consumption baskets. The type-specific consumption aggregator is implicitly

defined via . 1
-

= 1
Eir\ e e
1= Z (Qirfci,]t ) Cij,]t .
]
in which ¢;;; denotes consumption by type i household of good produced in sector j.
Nonhomothetic CES preferences still admit an ideal price index P;;, but it is now governed by
additional economic effects. To derive this price index, consider the intratemporal cost minimization

problem of the household type i
e\ e
. . Ejy c c
min Y pyecie = ¢ Y (Qujicly )" i
{cije} j j
taking as given a desired level of real consumption c;;. The first-order condition yields

-1

-1 N
0= pjs— ¢ (Qi,jc?it) Yo
e % 1s

. —Me
£ P i
Cij,t = Qi,]’ci/]t’t (17 ﬂi 1 41 ) .
c i

or simply
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Plugging into the definition of DV, we obtain

1 i e
/. . c —e Ejit
¢ = ZQZ’]< _ 1> Pit Cip-

j e

Different line of attack. The first-order condition can be written as

c—1

.77C_1 Q. .ot i e o
Pi e ijCit ) Cijr = PjtCijt

-1

e
. . . . . Eit
Now summing across j, and defining the expenditure share w;j; = (Qi,jci’t’ )’7 c; ]”[ , we have

e —1
e

¢i =Y _picijs = Eir,
j

noting that by definition Y wijr =1. We will also write P;;c;; = E;;. Thus, we have

—1e . —MNe
Pjt Pjt Hetej
cz--,t:Q,c ( =) c., .
] L] E1,t ] Pi,t it

This is the key equation for the intratemporal problem with nonhomothetic CES. Given parameters,

sectoral prices p;;, and desired real consumption c;, this equation defines the spending on each

good that minimizes total expenditures while attaining the real consumption level.

Price index. The price level P;; itself changes as real consumption c;; changes due to a switching
effect.

Plugging in for the optimal demand c;;;, we have

Pit e fetes
Eiy = Pciy = 2 , P+ P Cit
- it

] 7
e 77C 77€+ij
Z{p]t Pzt cht }
or simply
1—ge &= (1=m0) ) T
”_<ZQ/]p]t Cit

which of course also implies

1 e Sjt 1-1c
tCZt ZQ/]p]t Zt :

72



Therefore, a household’s consumption bundle price really takes the form

Py = P({Pj,t}jr Cig)-

In particular, once we solve for the consumption policy function c;;(a,b,z), the consumption
basket price will take the form P;;(a, b, z). In other words, every single household faces a different

consumption price index!

Death and birth process. Following [Blanchard (1985)], we introduce perfect annuity markets,
in which households can trade claims on their remaining wealth at time of death. They pledge
this wealth to a risk-neutral insurance company that, in turn, compensates households with a flow
annuity payment at a rate ¢ times their current asset positions. This is exactly the payment rate that
makes the insurance company break even in expectation. Introducing household death rates is a

commonly used technique to ensure stationarity in the wealth distribution.

Labor market. Following Auclert et al. (2023), we assume that household labor supply decisions
are intermediated by labor unions. Each household type i provides n;; ; hours of work to each of a

continuum of unions indexed by k € [0, 1]. Total labor hours supplied is

ni,t = /knl‘k,tdk.

Each union aggregates effective labor units provided by each household of type i, into a union-
type-specific task Ny, given by
Nikt = Znikt,

where 2 is the average productivity of all type i households supplying labor to union k. A labor
packer then further aggregates these labor services into aggregate labor supply

n W1 ew 1
v
o= ([N )

and sell it to firms at the nominal wage W; ;. Each household type i supply n;; hours of work, which

is the sum of labor hours supplied to N sectors

njy = Znij,t
j

Wage subsidy. As is standard in the New Keynesian literature, we allow for an wage subsidy
to avoid inefficiency resulted from monopolistic labor competition. Given union wage receipts
(1— lab )zi t Wik i1 ¢ to a household with labor productivity z; ;, the government pays the household

lab)

a proportional wage subsidy rempl (1 —7'"")z; Wik s11jx + which the union internalizes when setting
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wages.

Wage rigidity. Labor union k sets a common wage Wi ; for each of its members, and regulates its

members to supply the same hours of work. We assume that each union k faces a quadratic utility
w 2 V.
cost when adjusting its nominal wage Wy ;. This cost is given by 4~ (nl?;’{’t) ,in which 7t , = %iﬁ

is the rate of nominal wage inflation by unions, x modulates the strength of wage rigidity. ®(-) is

given by
1 w 1
P ({nz’k,t/ ﬂfz,t}ke[o,lo =v (/o nik'tdk) * % /0 (niwk't)z ak,

where v(-) captures dis-utility from working, given by

(”i,t)1+¢

v(niy) = 1+¢

Wage Phillips curve. Union k chooses wage in order to maximize stakeholder value, namely the
sum of stakeholders’ utilities. That is, union k solves

o Iy pods , W) — L X N ke
maxEg [ e o [u (cit(a,b,z; Wi y)) — o i pdk 5 ) dk|gisd(a,b,z)| dt,
’ Jo . ' ’ Jo Jo ' '

w
ikt

We further assume that union k is small, and it takes all the macroeconomic aggregates, including
the cross-sectional household distribution. We solve the dynamic wage setting problem, where
we derive the wage Phillips curve in continuous time. We show that in equilibrium the solution
is symmetric, that is Wy, = Wi, njx s = n;, and Ny, = N; ;. The New-Keynesian wage Phillips

curve is given by

(14 7P (1 — T Ay — 0 (ny4) | 1y

v [e? -1
W w
Tt = Pt70; + XTU [ cw

where we define A;; as
Aip = / zigu' (cip(a,b,2)) gisd(a,b,2)

As x¥ approaches zeros when we assume flexible wage setting, for the wage Phillips curve to have

stationary solution, we must have

/ e’ —1 I lab
[% (ni,t) - e (1 + TP )(1 — T )wz‘,t/\l‘,t.

Two-account portfolio. Each household has two asset accounts, liquid 4;; and illiquid b; ;. They
can move funds between these two accounts, subject to a transaction cost. The liquid account has a
relatively low real return of and they are subject to a borrowing constraint, a;; > a . The illiquid

account carries a higher return and is subject to a short-sale constraint b;; > 0. The household
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makes a real transfer decision in each period ¢; ¢, the deposit from liquid asset to illiquid account
(or withdrawal from the illiquid account to the liquid account if ;; is negative). The transfer is
subject to a transaction cost §(1; ¢, b; ), which will be paid out from the liquid account. Households’
two asset accounts are all held with the representative financial intermediary. We will discuss the

transaction cost function below.

Portfolio adjustment costs. When households deposit funds into the illiquid account they incur
adjustment costs given by (1; ¢, b; ;). We follow [Kaplan et al. (2018)] and use a functional form for

adjustment costs given by

‘lit‘ >¢z
Lit, bit) = Poltie] + < max {b;;, 13} .
Wi big) = toluis| + 91 max {bis, 5] {bit, P3}

in which ¢ > 1, 3 > 0.
Such an adjustment cost function has a kink at : = 0. With ¢p > 0 and ¢»; > 0, we have

Po—-1

l,',
Yo+ Y192 | mapiy

l,‘,
—Po — P12 W:mps}

, Lip > 0
h—1

Yu(tie, biy) = )
, [i,t <0

The inverse of ¥, with respect to ;; has the following function

B (¥u, — o) T max {bin 93}, Y, > o

1 (i, biy) = 1 :
B (=W, — o) 2 Tmax{bis, Y3}, i, < o

1
in which B = (y192) ™ %2, and ;; cannot exceed the limit /**.

Budget constraints. Households faces two budget constraints, one for the liquid account and the

other for the illiquid account.

Illiquid account. Household’s illiquid account is denominated in the unit of capital, and it evolves

according to
bi,t =Chi+ iy,
in which 1;; is the deposit from the liquid account in unit of capital, and ¢ is death rate.

Liquid account. In nominal terms, the household’s evolution of liquid wealth is given by

d(Prajy) = (if + &) Py + i PEby s + (1 — Tz imi Wi + Ty — Y piciie — Pl — Pep(tip big),
i
where i is the nominal return on liquid account holdings. T;; = 6;(}; I1;; + T¢) is the nominal
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aggregate transfer to type i. I1;; is the nominal profits from intermediate producers in sector s
which are all distributed to the liquid account. ! is the nominal rate of return on illiquid account
investment that is distributed to the liquid account. T/ is a constant income tax rate. PX is the
nominal price per unit of capital. Rewriting this, we have

Praj + Py = (if + &) Prajy + i PEbyp + (1 — T%)z my Wiy + Tip — Y pisciie — PRuip — Pep(iig, biy).
j

Let 7 = % denotes price inflation. Furthermore, we denote the household’s effective real

Wi . . .
wage as w;; = —p*. Thus, the household’s nominal wealth evolution equation becomes

b K K
. . 17 P; W‘,t T',t E',f P

ai+ap = (i + Oag+ b+ (1— Tz my—5 + 24— 2 by (i, byy).
P Py Py by

P
by

Thus, a household’s liquid wealth in real terms evolves according to

. E;,
aip = (r{ +¢)aiy + rfbi,t +(1- Tlab)Zi,tni,twi,t + Tt — Pflt — qetip — (i, big).

in which

b ik
t Pt
v — Wi
it Pt
- 91' (Z] H]',t + Tt)
ip=
7 Pt
_ B
qt - Pt .

Optimization. The first-order conditions from HJB optimization are given by
pVi(a,b,z) = maxu(c;s) — (i, iy ;)
+ ((r?,t +8)ai; + T’?,tbi,t + (1= %)z i i+ Tip — Cip — Qipli — ¢(li,t/bi,t)) 9aVi(a,b,z)

+ (8biy +1it) O Vig(a,b,z)

2
o
+ 4z0:Vii(a,b,z) + fazzv,,t(a, b,z).
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The first-order conditions with respect to c;; are given by
u'(ciy) = 9,V;4(a,b,z)
The first order condition of the HJB equation with respect to 4;; is given by
9 Vie(a,b,z) = 04Vis(a,b,2) (qis + Pu(tie, biy))

Plugging in ¢, we obtain the optimal deposit/withdraw being

1 (9%Vis(a,b,z)
* 1 pVit\4,Y, o .
lz,t — Y <aa Vi,t(a/ b, Z) q:,t: bl,t) .

We use an semi-implicit upwind finite different method following [Ben Moll]. Our upwind
method splits the drift of a into two parts s¢ and s, and splits the drift of b into m* and m', and

upwind them separately.

C.4 Financial Intermediary

A representative financial intermediary (the "bank") has two activities: (1) a banking activity,
performing maturity transformation by collecting real liquid assets from households 4; ; and invests
them in government bonds, subject to an intermediation rate w (2) a mutual fund activity, collecting
illiquid funds b;; and intermediate the funds in the form of physical capital to intermediate
producers. The representative financial intermediary faces the following flow-of-funds constraints

for the liquid and illiquid account respectively.

Liquid account. The financial intermediary takes the aggregate real liquid asset and invest them
into government bond, net of an intermediation cost. On the liability side, it is obligated to
deliver returns if on P;A;. On the asset side, the financial intermediary would own P;A; worth
of government bond, which yields a return equal to the nominal interest rate i;. The financial
intermediary would take an intermediation cost wP; A; from the return on government bonds in
total. Under no arbitrage, the payment to households and the gain from owning government bonds

net of intermediation cost must be equal, so we have:
if =it —w,a;; >0

that is, in equilibrium, the financial intermediary fully pass through the cost of intermediation to
the liquid account depositors.

Note that there is a borrowing wedge 6, that is the borrowing rate if a;; < O is,

i?:it—w+9,ai,t<0
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Given that r{, = if — 7;;, the real return to liquid account investment r{, is therefore given by

rip = o, >0(it — w — 7ip) + Loy <o (it — w + 0 — 7).

Illiquid account. Illiquid assets are equity claims on the bank. Therefore, the nominal value of
the bank equals households’ aggregate illiquid assets V; = PXY; [ b;,d(a,b,z) = PKXB;. The bank
delivers a nominal return of i¥ to its shareholder. The bank intermediate illiquid assets through an
integrated and competitive rental market in the form of physical capital to intermediate producers

in sectors as K;; at the rental rate iX.

Investment and capital stock. The bank owns capital K, rents it to firms for final goods production,
and makes investment decisions for capital stock replenishment.”? The bank has a technology that
aggregate [;; unit of final consumption goods across sectors indexed by j, through the economy’s
investment network, into GI; = I; + ®K; unit of gross investment priced at PtG I which got turned
into I; unit of capital at price PX. Capital depreciates at rate . ®K; is a depreciation-offsetting

quadratic adjustment costs in unit of final consumption goods

I
K

I
JK; = ~ (- — 6)°K;

d —
( 2 ' K;

in which ¢ is the depreciation rate, and « is the capital investment adjustment cost coefficient.

The capital stock evolution is given by
Kt = It — 5Kt

The total capital investment is aggregated by a CES technology,

i

N 1 i1\ 11
Gl = (Z (r}) i (Ij,t) ’771:' )

j=1

where 7; parameterizes the elasticity of goods used in the input bundle from different sectors for
investment production. I“]I indicates the share of importance of industry j in the production of
the aggregate investment goods bundle. ;; is the goods produced in sector j that is used in the
production of the aggregate investment bundle.

The standard demand functions for investment goods from sector j is given by

. =i
o
Iy = r}<pél> Gl
Pt

22 The bank does not own shares in intermediate firms, households own those directly
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The relationship between sectoral prices and the capital price is given by

1

. 1-n;
9 = | T

]

In our baseline model, we calibrate #; = 1, therefore we have the relationship for every j sector
pislie =T pe' Gl

pel =TT

]

Optimization problem. The bank solves the problem

VO ‘= max / e fOti?ds {ZfKt — PtGIGIt} dt
{It}tzo 0

subject to
K; = I; — 6K;
Let V; be the value of the bank at time ¢. It must satisfy the following HJB:

Vi = maxikK; — PEIGI; + ok Vi (I — 0Ky) + 0: V,

. I
= maxiKK; — P! (It + CID(Kt)Kt) + 9k Vi (It — 0Ky) + 0;V;
t

The first order condition on investment I; is

I I
9kVi = PO(1+ @ (21)Ky) = P (1 + x(- —

X; % %)

We follow the guess-and-verify approach. We guess the value of the bank is given by V; = PtKKt,
which implies the first order condition becomes

Pk =pPC(1 +;<(£ —9))
K;

Substituting the solution back to the HJB, we get

i*PKK, = iKK, — PS' (I, + ®K;) + PX (I, — 6K;) + PKK,
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The intuition is that the bank conduct the following activities: (1) receives ifKt for rent
payment; (2) pays out PS! (It + CD(I%)KO to generate new capital worth of PXI;, (4) capital PXK;
depreciates at rate J, and (5) the capital value accretion PtKKt

We eventually arrive at the return condition

o _ ifKe = PO (I + ®Ky) + PF (1 — 0Ky) + PKK,
! PKK;

b pK
- i{ P}
ot — p
P

C.5 Equilibrium

Definition 1. (Competitive Equilibrium) Given an initial capital level Ky, household variables
{P;4, Wi, P}, sector-specific variables {y;, N+, K1, i1, pj+ }, bank-related variables { P I, P, Ky, if },
individual decision rules {c;¢, tit, nj+ }, such that households optimize, firms optimize, bank opti-

mizes and markets clear.

Aggregation. The following equations characterize our definition of aggregation by type.
A = Z/ugi,td(u, b,z)
i
By = Z/bgiltd(a, b,z)
i
Ciy = Z/ci,t(a,z)gi,t(a, b,z)d(a,b,z)
i
A= /zu’ (cit(a,b,z)) gisd(a,b,z)
Dy = Z/Li,tgi,td(a, b,z)
i

Yir = 2/ Yii8id(a,b,z)

Market clearing. Capital market clears when capital owned by household is equal to the sum of
capital demand by firms. Bond market clears when the household budget constraint is binding.
Goods market clears when production in each sector is equal to the consumption and use. Note that
we are assuming that the goods market finance all miscellaneous costs, including the borrowing
wedge, the bank intermediation costs, and the portfolio adjustment costs, through the same

consumption network and the dynamic type-specific consumption shares. The inputs are final
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goods from all different sectors oc;;. All market clearing conditions are given by

Bond market clears.

A= A3
Capital market clears.

B; =K; = ZK#
]
Capital production clears.
D; = I; — 6Ky

Labor market clears.

! €’ —1 empl lab
v (ni,t) = cw (1 +7T )(1 — T )wi,tA,‘,t

Goods market clears from Walras’ Law in Appendix C.7.

Yit = Cjt + Gj,t —+ Ij,t + ij*)i/t + 0cjt
i

Steady Equilibrium. At steady state, ¢; = 0, and K; =0, P, = 1, therefore we have
A = A‘f
B: = K;

Dt:It—(SKtZO

mc]-,t =

! €’ —1 empl lab
o (ni) = S (1T (1 = Ty

Yjt = Cjt + G]',t -+ Ij,t + + ij—n',t + 0Cjt
i
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Transition Equilibrium. During transition, we have the following conditions

S5:=0
B: = K;
! €’ —1 empl lab
v (ni,t) = cw (1 +T )(1 — T )wi,tAi,t
. e—1. ¢
Tty = 7T — (mcjp — )—
Xj

Yit = Cjt + G]',t + I]',t + + Zx]-_ﬂ',t + 0Cjt
i

C.6 Proof of Lemma 7

Proof. Since in equilibrium, all firms are symmetric, we will drop the j indexation for simplicity.
Denote p = Pi(j), P =P, Y =Y, m = m, x = x, W = W,, taking P as given, the firm’s problem in

recursive form is

() =g { (5 ) (5) ¥ B 4 e+ 160

where ] is the corresponding value function of the maximization problem. The first order conditions

of the recursive form are given by

Jo(p.t)p = xmY
—-e-1Y —-€Y
(0=m Ip(pt) == (E=me)e(B) " 5+ (5) " 5+Imlppm+Jn(p.t
In a symmetric equilibrium we will have p = P, and hence

Y
Jo(p,t) = 22

Y Y
(0 =7) Jp(p 1) = =(L =mc)e s + 5+ Jpp (P, 1) P7T + Jip(p, 1)
Differentiating the first equation with respect to time, we get

XY

; Yr 7Y P
Jop(p, )P+ Jpe(p t) = 5 LT X

P P P

and plugging in the second equation, we get

_ Y Y xYr® xYm xmYP
(p—m) 5 = (1 mc)eP+P P + Z P P
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Putting it together, we have

C.7 Derivation of the Walras’ Law

Illiquid account. Given the capital production clearing condition D; = I; — 6Ky, the aggregation of

the illiquid account budget constraint is

M, = —€B; + /dbd(a, b,z) = —EB; + 52/ bid(a,b,z) + 2/1i,td(a, b,z) = D; = I — 6K,

Liquid account. The law of motion for households’ liquid weath is given by

aip = (1 + &)aie +17bis + (1 — T%)zem; sw;, + rebate;s — cip — qistis — P(1is, big)-

Similarly, the aggregation of liquid account in real terms budget constraint is

0=S5;
_ LiPisSi
Py
_ LiPip(=0Ai + Jda;d(a,b,z))
Py
1 YiWieNje YL+ T
=—CAr+ 7 Zpi,t ((r?,t +8) A+ r?,fBi,f + (1) = P:t 4= 113“ —Cit —qitDiy — ‘Fi,t)
1 7 7

1 . b pK Y Wi Ny YIL,+T; pkK
— 1D, A MB 1— lab J 1A ] =7 —C—ftD ¥

2 ;rm it A+ 2 t+ ( T ) 2 =+ pi t 2 t t

1« ., iKKy + PXI; — PEIGI, — 6PKK; taby 2 Wi eNjt
= — Y P LA By + (1 — glaby =L 10t

2 ;rz,t it Aip + Pth tt ( T ) Pt

Vi (pjayje — (L= TPHYWj Ny — KK — prsxie) + 5 (710 — T"PYW; Njy — PGy — 11 P Af Pk

Pk P! X (Pjx¥j)
:rt(Athf)fwA,ngOAt’+P—tt(ItfzSthDt)fltj—tGItJrththCt—‘Ft, j p];t,t it

Government expenditure, investment expenditure, and consumption expenditure follow 1"]3 ,

I'" and I, respectively. We assume that all other expenditures, including the intermediate costs
and the portfolio adjustment cost, follow the consumption preference and the consumption shares
between different household types, ©f, are the same as that of the consumption expenditure.
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Therefore the sector-specific goods market clearing condition is given by

Vig=¢jt+ G+ 1L+ + ijﬁilf +ocj;
i

in which oc;,; is the unit of final products from sector j which are used to finance all other costs for

all types of households.

C.8 Sequence-Space Representation

A household of type i has lifetime utility

Vial) = max Eo [ e 00 fufey) —o(y)|at,
0

{Ci,trli,t}

where hours of work N;; are taken as given.

The household’s liquid and illiquid budget constraints are given by
. .
aip = (ri(ais) + ©)air +ribiy 4+ (1 — 7))z 10, Nip + T — B ( ZQjP},t‘TCZ") — qetip — (i, biy)
j

Bi,t =Cbis+ 1y

The household also faces borrowing constraint a;; > a and short-sale constraint b; ;. We will switch
notation to denote by X = ! the illiquid return (“on capital”). The composite return on liquid

assets or debt is given by
ri(a) = La>o(r — w) + Lo (1 — w + 6).

The return on the illiquid asset, the fiscal rebate (in absence of rescaling), and the capital price

are respectively given by

k _ ifKi+ PKI — PEIGI — 0PFK,

f PiK;
- TPy — WieNje = i Kyt = pragin) + 5T WyNye
= P, — Gy =11 AY
_ P PP+ k(E —9))
l]t — Pt — Pt 7

where PEl is the price of investment.

Sequence-space representation. First, notice that the household problem does not depend directly

on parameters that differ across types i. The consumption policy function can therefore be written
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in sequence-space representation as

Ci,t(ar b,Z) = C¢ (a, b, z, {7"5, 7’51 6]5, Ts, ZS/ {Ci,S}i/ {pjrS}j}s>0>

where we denote by
_ Pit
pj,t - Pt

the price of sector / good j relative to the aggregate consumper price index P, by
Zy=(1—1) 2/// zw;tNisgir(a,b,z) dadbdz = (1 — 7)Y pjw; N,
i i

aggregate private post-tax labor income, and by

wi,tNi,t

Cit = oo
Y piw;Niy

household type i’s labor income share, so that we can write the household budget constraint as
(1 - Tlab)zi,twi,tNi,t = Zi,tztgi,t-
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D Data

This appendix provides details on the data we use to construct our empirical results.

D.1 Factor Shares

We obtain the factor shares for sectors from BEA’s I-O GDP by Industry dataset from 1997 after
industry classifications are based on NAICS. We then crosswalk sectors based on 2-digit NAICS
level to 22 sectors in total. All concordances are weighted by gross output levels from BEA’s
Gross Output by Industry Table. First, we calculate the labor share in the production of primary
factors 1 — a; for each sector j. Given the Cobb-Douglas structure of our primary factor production
function, the parameters are calculated as the ratio of compensation of employees to the value
added adjusted for taxes and subsidies. We obtain this ratio for each year from 1997-2015, then
take the average value. Second, we obtain the share of intermediate inputs in the production
function y, ; for each sector j. The parameters are calculated as the intermediate input expenditures
as a percentage of gross output, averaged over our sample period. We obtain this ratio for each
year from 1997-2015, then take the average value. Finally, we calculate the labor share in the over
production function y;; = (1 — piy ;) (1 — &;), and the capital share in the over production function
pr; = (1 — piy,j)(aj). Figure 10 plots the factor shares in the production for each sector j. Sectors
with the highest labor share are service-related, such as Education Services, Healthcare, Professional
and Technical Services. Manufacturing is particularly intermediates dependent. Housing and

leasing industries are the most capital-intensive.

D.2 Capital Investment

In our baseline, we use the Investment Flows Data for 41 Sector Partition from Vom Lehn and
Winberry (2022) from 1997-2015 to calculate the share of capital investment inputs from each sector
F}””. First, for each year from 1997 to 2015, we calculate the share of total capital investment
across all purchasing sectors (by summing the row in the Investment Flows tables) and calculating
the shares. We then crosswalk the 41 sectors based on 2-digit NAICS level to 22 sectors in total.
Finally, we take the average of each year’s share to get F;.””. Figure 11 plots sectoral input shares of
total capital investment. The top investment hubs are Construction, Durable Manufacturing, and
Professional and Technical Services. These three investment hub industries together account for
nearly 80% of inputs used in the production of capital investment.

For robustness checks in Appendix E, we use BEA’s Capital Flows Table in 1997 to derive the
share of capital investment inputs from each of the 66 BEA sectors. The Capital Flows table includes
180 commodities with corresponding NAICS codes. Our first step is to match the commodities used
to the sector categories. Most of the matching are straightforward given the NAICS codes in both the
Capital Flows table and the Input-Output table. Special attention should be paid to the following;:

(1) "Manufactured homes, mobile homes" in commodities is categorized under the "Housing"
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sector; (2) "Retail trade" in commodities include both 44 and 45 by NAICS codes, we divide and
assign it to "Motor vehicle and parts dealers”, "Food and beverage stores", "General merchandise

"non

stores”, "Other retail" according to these four sectors’ sizes measured by the gross output in 1997;
(3) "Offices of real estate agents and brokers" in commodities is categorized under the "Rental and
leasing services and lessors of intangible assets" sector; (4) "Noncomparable imports" is excluded.
The top investment hubs are "Construction”, "Machinery", "Motor vehicles, bodies and trailers, and
parts", and "Computer and electronic products". These four investment hub industries together
account for nearly 70% of inputs used in the production of capital investment. The sparseness of

the investment network is collaborated in Vom Lehn and Winberry (2022).

D.3 Government Spending

We use the BEA industry input-output "Use" table to compute the share of government spending on
goods from different sectors r]$' . The parameters are calculated as the government expenditures in
sector j as a percentage of total government spending. "Government" includes federal government,
federal government enterprises, state and local government, and state and local government
enterprises. We average the annual share across 1997-2015. Figure 12 plots the government

spending share, averaged across the sample period.

D.4 Mark-ups

66—_’1 We calibrate ¢; directly to match
]

sectoral markups using data from Baqaee and Farhi (2020). They use three alternative approaches

Steady state markups across sectors are given by p; =

to estimate sectoral markups from 1997 to 2015. The average markup for each sector in any
particular year is computed as the harmonic sales-weighted average of firm markups, which are
taken from Compustat and assigned to BEA sectors. In our baseline model, we use the average of
their benchmark estimates following the accounting profits approach because the average markup
is then around 10% and thus closer to the standard markup assumed in the HANK literature. Figure
13 plots the accounting-profits markups for each of the 22 sectors. We have also run robustness
checks of the empirical regularities using the other two approaches (user-cost and production
function) in Appendix E. To ensure €; > 0, for each approach, we replace markups below 1 with

the lowest markup in all sectors above 1 using that particular approach.

D.5 Monthly Price Adjustment Frequency

To measure monthly price adjustment frequency across industries, we compare two data sources.
First, in our baseline model, we map the sector-specific monthly price adjustment frequency, 1 — S,
from Pasten et al. (2017) to the 22 sector categories. They use the data underlying the Producer
Price Index (PPI) for 754 industries (defined by 6-digits NAICS codes) from the U.S. Bureau of

Labor Statistics, from 2005 to 2011. The PPI measures covers both final consumption prices and
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intermediates prices. The mapping from NAICS to BEA sectors are not one-to-one. Therefore, we
need to make certain inferences based on industry similarities.

Second, we estimate the frequency of price changes using the confidential micro-level price
data underlying the the Consumer Price Index (CPI) from 1998 to 2005, made available by Naka-
mura and Steinsson (2008). The estimates are available for 272 "Entry-Level Item" (ELI) categories,
in two measures, with and without sales. They cover most of consumer expenditures, but not
intermediate industries. The mapping from ELI to BEA sectors are not one-to-one. Therefore, we
need to make certain inferences based on industry similarities.

We use measures from Pasten et al. (2017) as our baseline because they are more recent than
earlier estimates by Nakamura and Steinsson (2008), more comprehensive than estimates from
[D’Acunto et al. (2018)], and account for price changes in intermediates industries. Figure 14 plots
the price adjustment frequency using data from Pasten et al. (2017). We have also run robustness
checks of the empirical regularities using the other two approaches (Nakamura and Steinsson
(2008) with sales, and Nakamura and Steinsson (2008) without sales) in Appendix E ).

D.6 Firm Price Adjustment Cost Parameters

To pin down parameter ), We establish the relationship between our monthly price adjusting data,
usually seen in Calvo models, and the adjustment cost parameter in Rotemberg-type setting. We

derive the continuous-time firm adjustment cost parameters according to [Sims and Wolff (2017)].2

Calvo. In the Calvo model, a randomly selected fraction of firms, 1 — 6, can adjust their price
in a given period. All updating firms adjust to the same price P*, and the adjusting inflation is

1+ mj = Pf/P;_1. Overall inflation 7t; satisfies

14 7t € X1y

1+ _e—llet

1
X1 = amcth + 0BE; (14 71141) X141

X2

4

1 —
b= Y OB (14 ) v

23 There is a strand of literature that studies the difference between Rotemberg and Calvo models. [Nistic’o (2007)]
and [Lombardo and Vestin (2008)] compare the welfare implications of the two models. [Ascari et al. (2011)] and [Ascari
and Rossi (2012)] investigate the differences between the two models under a positive trend inflation rate. [Ascari and
Rossi (2011)] study the effect of a permanent disinflation in the Rotemberg and Calvo models. More recently, [Boneva et
al. (2016), Richtera and Throckmorton (2016), Eggertsson and Singh (2018), and Miao and Ngo (2018)] investigate the
differences in the predictions of the Rotemberg and Calvo models with the zero lower bound for the nominal interest rate.
[Sims and Wolff (2017)] study the state-dependent fiscal multipliers in the two models under a Taylor rule in addition to
periods where monetary policy is passive. Moreover, [Born and Pfeifer (2020)] discuss the mapping between Rotemberg
and Calvo wage rigidities.
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Inflation evolves according to
A+m) C=1-0)(1+m) “+0

The NKPC in the Calvo setting is given by

(1-6)(1—-6p)
0

7y = BEit41 + (Inmc; — Inmcy) (29)
Rotemberg. We use an alternative of Rotemberg setting, where we denote the adjustment cost by

2
A(my) = % (m) P;Y;. The NKPC in Rotemberg is given by,

-1
7y = BEiTti + €T(In mcy — Inmcy) (30)

First order equivalence. For the slopes of NKPC in equation 29 and in equation 30 to be equivalent,

we would have

1-0)(1-68) e—1

0 X

Therefore, the adjustment cost parameter y is given by

B (e—1)0
XN a=e)(1-06p)

in which 6 is the probability that price remains unchanged for a quarter (3 months), § = (1 — ©)3,

where © is the monthly price adjustment frequency.

D.7 Intermediates Input-output Share

We calibrate the weights on intermediate inputs &y SO that our model’s production network is
consistent with the BEA’s input-output table. We use the Industry Input-output “Use” Table. For
each year, we calculate the parameters of the intermediates input-output network (x;‘k as sector j
(columns)’s nominal expenditure on intermediate inputs from sector k (rows) as a share of j’s total
expenditure on intermediate inputs. Then we average the ratios across 1997-2015. Figure 15 plots

the heatmap of the input-output network, averaged across the sample period.

D.8 Centrality

A reduced-form measure of a sector’s centrality in the input-output production network is the

Katz-Bonacich centrality measure discussed by Carvalho (2014). We compute centrality as ¢ =
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7(I = Awj)~'1, where we set 17 = =122 and A =05.

Figure 16 plots the centrality measure for each of the 22 sectors. The most important suppliers
in the production network are Professional and Technical Services, Durable and Non-durable
Manufacturing, Finance and Insurance.

We also calculated the outdegree of sectors, defined as dy = )W tx}‘k, that is, the sum over all
the weights of the network in which sector k appears as an input-supplying sector. The correlation
between the outdegree measure and the centrality measure is 0.99, providing us with confidence
with the central nodes in the production network. We have run robustness check of our empirical

regularities results using both measures in Appendix E.

D.9 ACS-IO: Sectoral Payroll Shares

We build the dataset of sector-specific payroll shares for households in various income quantiles.

Data Source. We obtain cross-sectional household occupation and payroll data from the Ameri-
can Community Survey (ACS), made available by IPUMS (Ruggles et al., 2015) from 2000-2015.

Sample Restriction and Household Types. First, we clean up the ACS dataset by excluding those
who are not in the labor force as well as outlier data points (wage income below $1,000 and beyond
$9,999,998). For each year, we further exclude the extreme values (top 1% and bottom 1%), and

then divide the remaining earnings data points into 10 income quantiles.

Matching. Second, we map the cleaned earnings data to the sector classification from the BEA.
Finally, we follow Clayton et al. (2018) and use the "many-to-one" method to merge the sectoral
earnings data. For the BEA sectors that do not have a corresponding ACS industry identifier, we

borrow the variables of interest from industries closest to those.

D.10 CEX-IO: Expenditure Share

Data Source. We use the U.S. Consumer Expenditure Survey (CEX) by the BLS from 1997-2015
to obtain expenditure shares across product categories for households at different quantiles of
the income distribution. The CEX is a widely used consumption survey tracking spending in all
product categories, including goods, services, housing, and health. It consists of two parts, the
Interview and Diary surveys. The Interview surveys collect responses from households annually
for up to 4 consecutive quarters of questions, covering a wide range of purchases. The Dairy
questionnaire contains more detailed questions about daily purchases, and are collected at weekly

frequency. We use both for our data construction.
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Sample Restriction. We follow the literature and impose a set of sample restrictions. We restrict
the samples to urban households, with heads aged 25-64, have a full-year of interview coverage
and complete income responses. We exclude outlier data points (households with the top 1% and
bottom 1% of after-tax income, households with the top 1% and bottom 1% of total expenditure,
and households whose income is below $1,000). We also eliminate data points when expenditures

are negative (as a result of Medicaid and Medicare reimbursement).

Expenditure Adjustments. We follow Comin et al. (2021) and make certain adjustment to the
expenditure data. We exclude any taxes and social security payments. Similar to [Aguiar and Bils
(2015)], we exclude alimony, child support payments, support for college students, and occupational
expenses. To avoid double counting for expenditures associated with owning a house, we follow
[Hubmer (2020)] and subtract estimated monthly rental value of owned home, estimated monthly
rental value of vacation home, and estimated rental value of timeshare and treat those as part of

household income.

Income Adjustment and Distribution. We add estimated monthly rental value of owned home,
estimated monthly rental value of vacation home, and estimated rental value of timeshare to
after-tax household income as reported in the CEX (FINCATXM and FINCAEFX) to get household
income levels. We divide the households into 100 quantiles according to their adjusted income

levels.

Matching. We match the UCC categories in our sample to 22 BEA industries mostly based on a
manual concordance assembled by [Levinson and O’Brien (2019)]. Additionally, we match Diary

items and missing Interview items by hand based on our best judgment.

Treatment of Zeros. For some goods, households expenditure share in those will be zero. This is
either because households forgot to record, or households don’t spend in some pure intermediate
sectors (such as oil and gas extraction). When there are missing values, we assume a minuscule
amount of 0.0001% on household expenditure share in order to avoid dropping these households

from our sample.
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Figure 10. Factor Share in the Total Gross Output

Note. We compute the sector-specific factor shares in the total production from the BEA GDP by Industry dataset. The
intermediate input share i, ; (in red) is computed as the intermediate input expenditures as a percentage of gross output.
The labor share i ; (in blue) is calculated as the product of 1 — j, ; and the ratio of compensation of employees to the
value added adjusted for taxes and subsidies. The remaining is the capital share yj ; (in green). We obtain each factor
share for each year from 1997-2015, then take the average value.
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Figure 11. Sectoral Inputs Share in Capital Investment 1”;:””

Note. We compute the sectoral inputs share in the aggregate capital investment using the Investment Flows Data for 41
Sector Partition from Vom Lehn and Winberry (2022) from 1997-2015.
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Figure 12. Government Spending Share on Sectoral Goods l”f

Note. We compute the share of government spending on goods from individual sector j in total government spending
every year using the BEA industry input-output "Use" table , then we average the ratio across 1997-2015.
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Figure 13. Sectoral Accounting-Profit Markups

Note. We compute the average accounting-profits markups over cost using data from Baqaee and Farhi (2020).
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Figure 14. Monthly Price Adjustment Frequency 1 — © From Pasten et al. (2017)

Note. We map the sector-specific monthly price adjustment frequency from Pasten et al. (2017) to the 22 sector categories.
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Figure 15. The Input-Output Network a}‘k
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Note. We compute the share of nominal expenditure on intermediate inputs from sector k (y-axis) for each sector j

(x-axis) every year, then we average the ratio across 1997-2015.
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Figure 16. Sectoral Centrality Dc;‘k

Note. We compute the centrality measure following Carvalho (2014) using the input-output matrix zx;Fk.
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E Robustness Checks of Empirical Regularities

E.1 Expenditure Heterogeneity using CEX-1O Dataset

Expenditure-share weighted sectoral heterogeneity for different income percentiles. In Figure
17, we show the comparison of expenditure-share weighted sectoral heterogeneity: for pre-tax
income percentiles in navy and after-tax income percentiles in red. The pre-tax income percentiles
uses FINCBTAX in the CEX dataset, and the after-tax income percentiles uses FINCATAX instead.

The results illustrates that our empirical regularities are robust to using either income measures.

Expenditure-share weighted sectoral heterogeneity for different levels of aggregation. In
Figure 18, we show four sets of expenditure-share weighted sectoral heterogeneity at different
levels of aggregation for after-tax income percentiles: at 66-sector level (the full BEA I-O) in red,
22-sector level (2-digit NAICS) in blue, 9-sector level (1-digit NAICS) in green, and 3-sector level
(manufacturing, agriculture, and services) in gray. The empirical regularities are robust between the
66-sector level and the 22-sector level. But if we split the consumption categories into agriculture,
manufacturing, and services like in Comin et al. (2021), the results are not consistent. Figure 19
shows the correlation of sectoral features between different levels of aggregation versus the 66

sectors. The results start to stabilize after 22-sector aggregation.

Factor shares. Figure 20 plots the expenditure-weighted three factor shares using with different
levels of sectoral disaggregation: (1) labor shares, (2) capital shares, and (3) intermediates shares.
The relationship between income percentile and factor shares is robust across measures and

disaggregation levels.

Monthly frequency of price change. Figure 21 plots the expenditure-weighted monthly frequency
of price change using three measures with different levels of sectoral disaggregation: (1) Pasten
et al. (2017), (2) Nakamura and Steinsson (2008) with sales, and (3) Nakamura and Steinsson (2008)
without sales. The hump-shaped relationship between income percentile and price rigidity is
robust across measures and disaggregation levels, where the middle-income households have the
least rigid consumption basket. Our results using Nakamura and Steinsson (2008) measures, either
with or without sales are consistent with [Cravino 2020], where they use the same dataset for price

rigidity.
Markups. Figure 22 plots the expenditure-weighted markups using three markups measures

with different levels of sectoral disaggregation: (1) accounting-profits markups (AP), (2) user-cost

markups (UC), and (3) production-function markups (PF).
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Centrality. Figure 23 plots the expenditure-weighted markups using two measures with different
levels of sectoral disaggregation: (1) Katz-Bonacich centrality and (2) outdegree. The relationship
between income percentile and network centrality is robust across measures and disaggregation

levels.

Investment and Government Spending Shares. Figure 24 plots the expenditure-weighted invest-
ment shares and government spending shares with different levels of sectoral disaggregation. The
relationship between income percentile and investment or government spending shares is robust

across measures and disaggregation levels.
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Figure 17. Expenditure-share Weighted Sectoral Heterogeneity for Pre-tax and After-tax Income
Percentiles

Note. We plot the expenditure-weighted sectoral features as a function of households’ pre-tax income percentile (in blue),
and after-tax income percentile (in red), average over the sample period. The horizontal axis for each panel is household
percentiles, each representing 1% of the population. The vertical axis reports the average sectoral features, such as labor
share, capital share, intermediate share, frequency of price change, centrality, markups, government spending share, and
investment share, weighted by the expenditure share across 22 sectors by households of the corresponding percentile.
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Figure 18. Expenditure-share Weighted Sectoral Heterogeneity for After-tax Income Percentiles with

Different Levels of Aggregation

Note. We plot the expenditure-weighted sectoral features as a function of households’ after-tax income percentile,
average over the sample period. The horizontal axis for each panel is household percentiles, each representing 1% of the
population. The vertical axis reports the average sectoral features, such as labor share, capital share, intermediate share,
frequency of price change, centrality, markups, government spending share, and investment share, weighted by the
expenditure share by households of the corresponding income percentile across 66 sectors in red, 22 sectors in blue, 9

sectors in green, and 3 sectors in gray.
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Figure 19. Correlation at Different Levels of Disaggregation Using CEX-1O

Note. We plot the correlation of corresponding expenditure-weighted sectoral features for each households” after-tax
income percentiles, aggregating at full I-O sectors (66 sectors), 2-digit NAICS sectors (22 sectors), 1-digit NAICS sectors
(9 sectors), and a manufacturing/agriculture/services split (3 sectors). We use the 66 sectors data points as the base.
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Figure 20. Robustness Checks for Expenditure-weighted Factor Shares Across Income

Note. We plot the expenditure-weighted factor shares (labor shares, capital shares, and intermediates shares) for 100
income percentiles across dis-aggregation levels of the economy. Panel (1a) - (1c) are for 66-sector economy with three
factor shares; panel (2a) - (2c) are for a 22-sector economy; panel (3a) - (3c) are for a 9-sector economy; panel (4a) - (4c) are
for a 3-sector economy. The line is the local polynominal fit, and the shaded area is the 95% confidence interval.
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Figure 21. Robustness Checks for Expenditure-weighted Frequency of Price Change Across Income

Note. We plot the expenditure-weighted monthly frequency of price change for 100 income percentiles across two
dimensions: different price rigidity measures and dis-aggregation levels of the economy. Panel (1a) - (1c) are for 66-sector
economy with three factor shares; panel (2a) - (2c) are for a 22-sector economy; panel (3a) - (3c) are for a 9-sector economy;
panel (4a) - (4c) are for a 3-sector economy. The line is the local polynominal fit, and the shaded area is the 95% confidence
interval.
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Figure 22. Robustness Checks for Expenditure-weighted Markups Across Income

Note. We plot the expenditure-weighted markups for 100 income percentiles across two dimensions: different markups
measures and dis-aggregation levels of the economy. Panel (1a) - (1c) are for 66-sector economy with three factor shares;
panel (2a) - (2c) are for a 22-sector economy; panel (3a) - (3c) are for a 9-sector economy; panel (4a) - (4c) are for a 3-sector
economy. The line is the local polynominal fit, and the shaded area is the 95% confidence interval.
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Figure 23. Robustness Checks for Expenditure-weighted Centrality Across Income

Note. We plot the expenditure-weighted centrality for 100 income percentiles across two dimensions: different production
network centrality measures and dis-aggregation levels of the economy. Panel (1a) - (2a) are for 66-sector economy with
two measures of centrality; panel (1b) - (2b) are for a 22-sector economy; panel (1c) - (2¢) are for a 3-sector economy. The
line is the local polynominal fit, and the shaded area is the 95% confidence interval.
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Figure 24. Robustness Checks for Expenditure-weighted Investment and Gov Spending Shares Across
Income

Note. We plot the expenditure-weighted investment shares and government spending shares for 100 income percentiles
across three dis-aggregation levels of the economy. Panel (1a) - (2a) are for 66-sector economy with investment and
government spending shares respectively; panel (1b) - (2b) are for a 22-sector economy; panel (1c) - (2c) are for a 3-sector
economy. The line is the local polynominal fit, and the shaded area is the 95% confidence interval.
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E.2 Earning Heterogeneity using ACS-IO Dataset

Earnings-share weighted sectoral heterogeneity across different sample periods . In Figure 25
we show three sets of earnings-share weighted sectoral heterogeneity using three sample periods in
a 22-sector economy: (1) from 2000-2004 in blue, (2) from 2005-2009 in red, and (3) from 2010-2015

in green. The relationship has been very robust across the time periods.

Earnings-share weighted sectoral heterogeneity for different levels of aggregation . Similar to
the robustness check we have done for the CEX-1O Dataset, we show four sets of earnings-share
weighted sectoral heterogeneity at different levels of aggregation for total income percentiles in
Figure 26: at 66-sector level (the full BEA I-O) in red, 22-sector level (2-digit NAICS) in blue, 9-sector
level (1-digit NAICS) in green, and 3-sector level (manufacturing, agriculture, and services) in gray.
Figure 27 shows the correlation of sectoral features between different levels of aggregation versus
the 66 sectors. The empirical regularities start to converge after a fair amount of disaggregation at

22 sectors.

Factor shares. Figure 28 plots the earnings-weighted three factor shares using with different levels

of sectoral disaggregation: (1) labor shares, (2) capital shares, and (3) intermediates shares.

Monthly frequency of price change. Figure 29 plots the earnings-weighted monthly frequency
of price change using three measures with different levels of sectoral disaggregation: (1) Pasten
et al. (2017), (2) Nakamura and Steinsson (2008) with sales, and (3) Nakamura and Steinsson (2008)

without sales.
Markups. Figure 30 plots the earnings-weighted markups using three markups measures with
different levels of sectoral disaggregation: (1) accounting-profits markups (AP), (2) user-cost

markups (UC), and (3) production-function markups (PF).

Centrality. Figure 31 plots the earnings-weighted markups using two measures with different

levels of sectoral disaggregation: (1) Katz-Bonacich centrality and (2) outdegree.

Investment and Government Spending Shares. Figure 32 plots the earnings-weighted invest-

ment shares and government spending shares with different levels of sectoral disaggregation.
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Figure 25. Earnings-share Weighted Sectoral Heterogeneity for Income Percentiles with Different
Sample Periods in the 22-sector Economy

Note. We plot the earnings-weighted sectoral features as a function of households’ total income percentile, average
over the sample period (1) from 2000-2004 in blue, (2) from 2005-2009 in red, and (3) from 2010-2015 in green. The
horizontal axis for each panel is household percentiles, each representing 10% of the population. The vertical axis
reports the average sectoral features, such as labor share, capital share, intermediate share, frequency of price change,
centrality, markups, government spending share, and investment share, weighted by the earnings share from 22 sectors
by households of the corresponding income percentile.
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Figure 26. Earnings-share Weighted Sectoral Heterogeneity for Total Income Percentiles with Different
Levels of Aggregation

Note. We plot the expenditure-weighted sectoral features as a function of households’ after-tax income percentile,

average over the sample period. The horizontal axis for each panel is household percentiles, each representing 1% of the
population. The vertical axis reports the average sectoral features, such as labor share, capital share, intermediate share,
frequency of price change, centrality, markups, government spending share, and investment share, weighted by the
expenditure share by households of the corresponding income percentile across 66 sectors in red, 22 sectors in blue, 9
sectors in green, and 3 sectors in gray.
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Figure 27. Correlation at Different Levels of Disaggregation Using ACS-IO

Note. We plot the correlation of corresponding earnings-weighted sectoral features for each households’ total income
percentiles, aggregating at full I-O sectors (66 sectors), 2-digit NAICS sectors (22 sectors), 1-digit NAICS sectors (9
sectors), and a manufacturing/agriculture/services split (3 sectors). We use the 66 sectors data points as the base.
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Figure 28. Robustness Checks for Earnings-weighted Factor Shares Across Income

Note. We plot the earnings-weighted factor shares (labor shares, capital shares, and intermediates shares) for 10 income
percentiles across dis-aggregation levels of the economy. Panel (1a) - (1c) are for 66-sector economy with three factor
shares; panel (2a) - (2c) are for a 22-sector economy; panel (3a) - (3¢c) are for a 9-sector economy; panel (4a) - (4c) are for a
3-sector economy.
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Figure 29. Robustness Checks for Earnings-weighted Frequency of Price Change Across Income

Note. We plot the earnings-weighted monthly frequency of price change for 10 income percentiles across two dimensions:
different price rigidity measures and dis-aggregation levels of the economy. Panel (1a) - (1c) are for 66-sector economy
with three factor shares; panel (2a) - (2c) are for a 22-sector economy; panel (3a) - (3c) are for a 9-sector economy; panel
(4a) - (4c) are for a 3-sector economy.
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Figure 30. Robustness Checks for Earnings-weighted Markups Across Income

Note. We plot the earnings-weighted markups for 10 income percentiles across two dimensions: different markups
measures and dis-aggregation levels of the economy. Panel (1a) - (1c) are for 66-sector economy with three factor shares;
panel (2a) - (2c) are for a 22-sector economy; panel (3a) - (3c) are for a 9-sector economy; panel (4a) - (4c) are for a 3-sector

economy.
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Figure 31. Robustness Checks for Earnings-weighted Centrality Across Income

Note. We plot the earnings-weighted centrality for 10 income percentiles across two dimensions: different production
network centrality measures and dis-aggregation levels of the economy. Panel (1a) - (1c) are for 66-sector economy with
three factor shares; panel (2a) - (2c) are for a 22-sector economy; panel (3a) - (3c) are for a 9-sector economy; panel (4a) -
(4c) are for a 3-sector economy:.
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Figure 32. Robustness Checks for Earnings-weighted Investment and Gov Spending Shares Across

Income

Note. We plot the earnings-weighted investment shares and government spending shares for 10 income percentiles
across three dis-aggregation levels of the economy. Panel (1a) - (1c) are for 66-sector economy with three factor shares;
panel (2a) - (2c) are for a 22-sector economy; panel (3a) - (3¢) are for a 9-sector economy; panel (4a) - (4c) are for a 3-sector

economy.
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F Additional Details About nhCES

F1 Theory and Notations

Preference. The preferences of a household of type i are ordered according to

0 ot
]EO/O e jo (Pi+§)dsu(ci/t) ) ({nik,t/ nl;z’t}ke[O,l}) dt,

where

_ NH
Cit = Di {Cil,tl Cidtr «vvy CiN,t}

is a generalized nonhomothetic CES aggregator and c;;; denotes the household i’s consumption
of goods from sector j at time ¢. ¢;; depends on household’s liquid asset holdings a4, illiquid asset
holdings b, and labor productivity z.

ni ¢ is the labor hour supplied to union k. p is the discount rate. ﬂf,‘j ; is union k’s wage inflation.
Households die at rate §. The expectation operator is over future realizations of idiosyncratic
earnings risk. We abstract from aggregate risk in this paper. Finally, we assume CRRA preferences,

with

1y
Ny it

u(cl,t) 1_,)/‘

The cost function of labor hour and wage inflation, ®(-), will be discussed in more detail

below.

Heterogeneous consumption baskets. The type-specific consumption aggregator is implicitly

defined via
1 -1

—_ L. g]- 'TC e
1=) (Qz,Jci,t) Cijt -

j

in which ¢;;; denotes consumption by type i household of good produced in sector j, and (); ; is the
taste parameters of household i for good in sector j.

Nonhomothetic CES preferences still admit an ideal price index P;;, but it is now governed by
additional economic effects. To derive this price index, consider the intratemporal cost minimization

problem of the household type i
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taking as given a desired level of real consumption c;;. The first-order condition yields

1
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or simply
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Plugging into the definition of DN, we obtain
1 e\ "
—1c C —Yc §j
¢; e = Zﬂi,j — Pit ! Ci,]t‘
7o \e :

Different line of attack. The first-order condition can be written as

1 g1

e —1 &\ e _
bi 7 Oijciy ) Cijp = PjCij

c

fe—1

. . .. . g\ L
Now summing across j, and defining the expenditure share wij; = (€ jc;}) ci].t’t” , we have

Ne—1
e

b Y pjscijt = Eis,
]

noting that by definition Zj wij = 1. We will also write P, ;c;+ = E;;. Thus, we have

. e ., —T1c
g [ Pjt Pt fete;
ciip = Qyic’ =0 c.. .
l]/t L] 1,t (Ellt> L (Pl,t ) 1t

This is the key equation for the intratemporal problem with nonhomothetic CES. Given parameters,

sectoral prices p;;, and desired real consumption c;;, this equation defines the spending on each

good that minimizes total expenditures while attaining the real consumption level.

Price index. The price level P;; itself changes as real consumption c;; changes due to a switching
effect.

Plugging in for the optimal demand c;; ;, we have

Pit\ " pete;
Eiy = Piciy = E {Pj,tQi,j(P],) C:?,t 6/}
1

’

]

_ L=te plle (. MeTEj
_Z{pj,t Pt Chijciy
j

or simply
1

o ol g=(1-n) \ T
Py = <ZerJpj,t Ci

]
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which of course also implies
1

AN
Piscip = Z Qi,jpj,t Cit :
j
Therefore, a household’s consumption bundle price really takes the form
Py =P ( { Pjt }j’ Ci,t) .

In particular, once we solve for the consumption policy function ci,t(a, b,z), the consumption
basket price will take the form P;;(a, b, z). In other words, every single household faces a different

consumption price index!

Expenditure Shares. Furthermore, the expenditure shares can be expressed as

. 1-7. gi—(1-1¢)
Pjt Eis\"’
= () a i 1
wz],t ij,t (Pi,t > <Pi,t > (3 )
Zwl’]’,t =1 (32)
Elasticity of substitution between goods of different sectors. The nhCES has a constant elasticity

of substitution between goods,

dlog (cij/ Ciky) . .
=y, VikeN, Viel.
alog (pre/pie)

Relative demand for goods of different sectors. The elasticity of the relative demand for two

different goods with respect to aggregate real consumption c;; is constant,

dlog (ciji/cikt)
dlogc;,

=¢—¢, VikeN, Viel

The Hicksian demand for any pair of expenditure shares w;;; and wj satisfies

Wii i Qi‘
log <w,]<tt> = (1-1n.)log <Z{i> + (& — &x) log ci + log <Q,](tt>

The first term on the right hand side shows the price effects characterized by a constant elasticity of
substitution 7., and the second term on the right hand side shows the change in relative sectoral

demand as consumers move across indifference curves.
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Marshallian demand. The income (expenditure) elasticity of demand for sectoral good j is given

by
dlogc;, €
=t =0+(1-0)=
=73 log E; + ) g
where & = 2]].:1 wje; is the expenditure-weighted average of nonhomotheticity parameters. As
Engel aggregation requires, the income elasticities average to 1 when sectoral weights are given by

expenditure shares, 2}21 winj =1

Getting back to standard CES. And so if we set ¢; = 1 — 7., we are back to the homothetic CES.

In this case, the expenditure function becomes linear in the index of real consumption C, and the

average cost of real consumption corresponds to the CES price index, P = [215:1 Q; p}_“] o
Without loss of generality, we can normalize all the income elasticity and taste parameters such
that those corresponding to a specific base good b equal a given arbitrary value, e.g., &, = (), = 1.

Equation 31 allows us to write the real consumption as

Therefore E
logciy = (1 —1c)log <p;t> + log wip ¢ (33)
t
Plugging in the Hicksian demand function, we get the moment condition used in GMM
estimation,
_ Pit Ei
log wij = log Qi + (1 — 1) log ot +(1—1nc) (¢j—1) log ot + ¢jlog wip s (34)

E2 Estimation

The estimation process has two steps. First, we estimate the income elasticities of each sector
¢+, using the expenditure shares across households in the CEX dataset. Second, after obtaining
the income elasticities, we estimate the consumer substitution elasticity 7. by regressing residual

demand over relative price.

E2.1 Income elasticities

The regression equation 34 can be re-written as

wjj, i, E;
log ( .J t) = (1—1.)log <l;97;tt> + (1 —7nc) (g — 1) log (ij&) + (gj+ — 1) log wip s + ij + Vijt
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in which g;;; = log ();;; denotes the relative taste parameters which is a a linear function of the

household profile vector X;; including age, household size, and education. v;;; is the error term.
Closely following Comin et al. (2021) when treating Indian data and [Hubmer (2022)], we

assume that consumers face the same prices, conditional on time and control variables, as prices

are absorbed by a sector-year fixed effect {; ;. I estimate

log <w”t> =it + (gj —€ps) log Eiy + F;- 1 Xjt + Vijt
Wi, '

for all j € S\{b}. The sector-time specific measurement error will be absorbed by (; ;. To address

measurement error and endogeneity issues, we use after-tax income, education and occupation as

instruments for total expenditure E; ;. Our estimation results give us relative income elasticities (¢; s

- &p,t). We then recover all ¢;; by restricting their expenditure-weighted average to equal a constant.

This constant is calibrated so that¢;; > 0 forall j € S.

F2.2 Substitution elasticity

In the second step of our estimation, we substitute in our baseline specification of income elasticities
¢+, and estimate substitution elasticity 7. from taking the difference of equation 34 with respect to
time:

i E
Alogwj; = (1 —1c)Alog <7;;:> + (gj — 1) Alog (P:) + F;-,tAXt + Vij ¢

in which, log (;;; is assumed to be constant over time and therefore subsumed in taking difference.
Our baseline calibration uses price indexes p; ; from the BEA GDP by Industry Table from 1997-2015.
The aggregate price Py = }; wj:pj - E is the aggregate expenditure by all households in year f.

F2.3 Robustness

We use three measures to show that income elasticies are robust. First, we derive ¢;; for each year ¢
using relative income elasticity ¢;; — €5 for each year t and expenditure share wj for each year

t. We take an average of the yearly data ¢;; and call it E?mﬂy . This is our baseline. Second, we

use the average of yearly relative income elasticities s?ver”ge — siver”ge and the average expenditure

share w}wmge to derive £7“"". Third, we use the constant income elasticity ¢; — ¢, by performing the

tirst-step estimation on all households data across the sample period. Together with the average
expenditure share w;wemge, we obtain 8?0”5“””.

Figure 33 plots the relationship of e?"”sm”t (Panel (A)), 8]’-””” (Panel (B)), yearly average of
income elasticities between 1997-2006 (Panel (C)), yearly average of income elasticities between
2007-2015 (Panel (D)) and our baseline S?le. It shows that income elasticities are stable over time

and across measures.
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Figure 33. Robustness checks of income elasticities

Note. We plot the relationship of s?"”s“’”t (Panel (A)), sme’"’ (Panel (B)), yearly average of income elasticities between
1997-2006 (Panel (C)), yearly average of income elast1c1t1es between 2007-2015 (Panel (D)) and our baseline s? arly
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