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1 Introduction

Two questions remain central in monetary economics: the impact of monetary policy on ag-
gregate consumption and the optimal design of monetary policy. Recent advances in the Het-
erogeneous Agent New Keynesian (HANK) literature contribute to the understanding of these
questions, emphasizing the critical role of household heterogeneity. A key channel in HANK,
known as the redistribution channel (Auclert, 2019; Bilbiie, 2020), shows that the effectiveness of
monetary policy hinges on the relationship between households’ marginal propensities to con-
sume (MPCs) and the cyclicality of their real income, defined as households’ nominal income
adjusted by the price index they face. However, most theories and applications in the HANK lit-
erature assume that households consume the same basket of goods and therefore face the same
price index. In doing so, these studies largely overlook the differential cyclicality in households’
price indexes (or costs of living), concentrating instead on the cyclicality of nominal income
across households with different MPCs.

In this paper, we argue that it is important to consider the relationship between households’
MPCs and the cyclicality of their costs of living, both for understanding the monetary transmis-
sion and designing the optimal monetary policy. Our argument unfolds in three steps. First, we
empirically document the relationship between households’ MPCs and their costs of living. We
find that households with higher MPCs face more cyclical and volatile inflation, and experience
higher inflation following an expansionary monetary policy shock. This is because these house-
holds allocate a larger portion of their spending on product categories with more flexible prices.
Second, we embed this negative relationship between households’ MPCs and price stickiness in
a tractable multi-sector two-agent New Keynesian (TANK) model with heterogeneous consump-
tion baskets, demonstrating analytically that this relationship dampens the general equilibrium
effect in monetary transmission. Third, we characterize the optimal monetary policy using the
primal approach and show that accounting for cyclical inequality in household’s costs of living
is crucial for designing optimal monetary policy.

Our empirical analysis relies on four datasets: the Panel Study of Income Dynamics (PSID),
the US Consumer Expenditure Survey (CEX) microdata, the item-level consumer prices data
from the Bureau of Labor Statistics (BLS), and the data on frequency of price adjustment con-
structed by Nakamura and Steinsson (2008). As is well known, households’ MPCs are typically
not directly observable. Following Cloyne et al. (2020), we use housing tenure status as a quali-
tative proxy for households’ MPCs. Specifically, we estimate household MPCs by leveraging the
panel structure of the PSID and the detailed consumption information from the CEX. Our esti-
mation strategy builds on the methodology originally developed by Gruber (1994) and extended
by Patterson (2023), which identifies MPCs by examining household consumption responses



to income shocks. To address potential endogeneity arising from factors that simultaneously
affect income and consumption, we instrument changes in household income with exogenous
income shocks. Our results show that both renters and mortgage payers exhibit higher MPCs
than outright homeowners. Accordingly, we split households in the CEX into two groups based
on their housing tenure status: the low-MPC group consisting of outright homeowners, and the
high-MPC group including renters and mortgage payers.

Our empirical analysis offers three main findings. First, high-MPC households spend more
on product categories whose prices are more flexible. Specifically, 23.4% of goods consumed by
high-MPC households change prices in a given month, while this number is 19.7% for low-MPC
households. Second, the inflation faced by high-MPC households is both more cyclical and more
volatile. Third, the Consumer Price Index (CPI) of high-MPC households is more responsive to
monetary policy shocks. For example, 24 months after an expansionary monetary policy shock,
the CPI of high-MPC households responds 40% more than that of low-MPC households.

Motivated by our empirical findings, we develop a tractable multi-sector TANK model that
allows for heterogeneous consumption baskets across households. In this framework, house-
holds differ in MPCs and in the composition of their consumption baskets. There are two types
of households: the Keynesians (also known as hand-to-mouth consumers) and the Ricardians
(also known as savers). Firms adjust prices infrequently a la Calvo, with the degree of price stick-
iness varying across sectors. Consequently, the Keynesians and the Ricardians consume goods
that, on average, differ in the frequency of price adjustment.

Our main finding highlights that the equilibrium responses of aggregate consumption to
a sequence of future real interest rate changes, denoted as {r;}2,, in both the TANK model
and the TANK model with heterogeneous consumption baskets (henceforth TANK-HT), can be

succinctly summarized through the dampening (amplification) channel in the following two

equations:
o0
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where ¢, > 0 and ¢, > 0 are functions of model parameters. Compared with the benchmark
TANK model, the aggregate consumption response is dampened if Keynesian households face
more flexible prices, pX — pf > 0, and the aggregate consumption response is amplified if Key-
nesian households face stickier prices, pX — pX < 0.

This dampening (amplification) channel works through the general equilibrium effect. In a

scenario where Keynesian households face more flexible prices, as suggested by the data, an ex-



pansionary monetary policy shock results in higher inflation for these households. Consequently,
they receive less real income (and thus consumption). Given that Keynesian households have a
higher MPC, the aggregate Keynesian multiplier weakens, leading to a dampening of the general
equilibrium effect.

The dampening (amplification) effect arises from heterogeneity in inflation responses and is
quantitatively significant. Unlike in the representative agent New Keynesian models (RANK) and
standard TANK models, where price stickiness becomes irrelevant for aggregate demand once
the path of real interest rate is fixed, our model introduces a distinctive feature. In our framework,
the distribution of price stickiness across households shapes aggregate demand by dampening
(amplifying) the general equilibrium effect, even conditional on the path of real interest rates.
In the calibrated version of our model, the real effects of monetary policy, measured by the
cumulative consumption response, are 15% less compared to a benchmark multi-sector TANK
model with homogeneous consumption baskets. Our results suggest that ignoring the negative
relationship between households’ MPCs and price stickiness leads to an overstatement of the
real effects of monetary policy.

We examine the implications of introducing heterogeneous consumption baskets for opti-
mal monetary policy in our multi-sector TANK framework in three steps. First, we demonstrate
that the introduction of heterogeneous consumption baskets generates an endogenous and
time-varying wedge between the flexible-price equilibrium and the efficient one. That is, the
flexible-price equilibrium is socially inefficient. This inefficiency arises because households’
price indexes (or costs of living) are exposed differently to sectoral shocks, and these exposures
cannot be fully insured since the Keynesians cannot trade financial assets. As a result, differences
in price indexes and real wages distort households’ labor supply and consumption decisions,
giving rise to misallocation (or inequality). Optimal policy, therefore, necessitates striking a bal-
ance between stabilizing inequality and achieving the conventional goal of stabilizing aggregate
demand and inflation. Consequently, the pursuit of output gap stabilization, as suggested in
Aoki (2001), is no longer optimal.

Next, we establish a benchmark result by identifying necessary and sufficient conditions
under which a sticky-price equilibrium can implement the first-best allocation. We show that
closing the aggregate output gap simultaneously stabilizes prices, minimizes inequality, and
achieves the social optimum if and only if the following conditions are satisfied: 1) prices are
sticky in at most one sector and are perfectly flexible in all other sectors, and 2) households have
identical consumption baskets. In other words, inequality becomes irrelevant for monetary pol-
icy when both of these conditions hold. Under these conditions, price dispersion—both across
and within sectors—as well as income inequality across households are exactly proportional to

the output gap. Closing the output gap is therefore socially optimal. This result generalizes the



“divine coincidence” of the RANK framework to a HANK environment and includes the standard
one-sector TANK model as a special case.

Finally, we formulate and solve the Ramsey problem to characterize the optimal monetary
policy. Using the primal approach, we set up and solve a linear-quadratic Ramsey problem with
commitment, in which the social planner directly chooses the output gap and sectoral inflation
rates to maximize social welfare. The social planner’s choices are subject to implementability
constraints implied by the model, including the sectoral Phillips curves and the law of motion
for sectoral prices. Despite the model’s rich structure, we solve the Ramsey problem analytically
and derive the conditions that the output gap and sectoral inflation rates must satisfy under the
optimal policy.

To illustrate the policy trade-offs more transparently, we analyze a static economy and derive
a closed-form optimal policy rule for an inflation-stabilization index. We first show that, in a
multi-sector RANK model, the optimal index assigns greater weights to stickier-price sectors.
We then demonstrate that introducing heterogeneous agents (in a TANK framework) strength-
ens this incentive. Stabilizing inflation in sticky-price sectors not only improves efficiency but
also reduces inequality, which in the TANK model is proportional to the output gap. Finally, we
discuss that introducing heterogeneous consumption baskets, by contrast, shapes the optimal
inflation index through new terms in two policy motives: reducing cross-sector misallocation
and mitigating inequality. The misallocation motive reflects distortions arising from differing
consumption weights across households, while the inequality motive stems from disparities in
their cost of living.

The net effect on the optimal inflation target is therefore ambiguous, hinging on the relative
strength of these channels. In a numerical example, we show that when households face suffi-
ciently different degrees of price stickiness, the redistributive motive can dominate. In this case,
the result in Benigno (2004) is overturned, and it becomes optimal to stabilize the headline CPI
rather than the core CPI.

Related Literature. This paper contributes to three strands of literature. First, it relates to the
recent literature on monetary transmission in HANK models. Recent work includes empirical
studies (e.g., Coibion et al. (2017); Cloyne et al. (2020); Holm et al. (2021); Amberg et al. (2022);
Andersen et al. (2022); Patterson (2023)), analytical works (e.g., Gali et al. (2007); Bilbiie (2008);
Werning (2015); Debortoli and Gali (2017); Auclert (2019); Acharya and Dogra (2020); Bilbiie
(2020); Ravn and Sterk (2021); Bilbiie (2021)) and quantitative models (e.g., McKay et al. (2016);
Kaplan et al. (2018); Auclert et al. (2020)). Our paper builds upon and contributes to this literature
in two main aspects. First, we propose a new channel that demonstrates how the relationship
between households’ MPC and the degree of price stickiness they face affects the monetary

transmission to consumption, thereby connecting heterogeneity on the supply side and de-



mand side. Second, we present direct empirical evidence that households with different MPCs
consume different baskets of goods, face different degrees of price stickiness, and consequently,
experience different cyclicalities in the cost of living.

Second, this paper relates to the fast-growing literature on designing optimal policies in
HANK, both analytically (e.g., Bilbiie (2008); Curdia and Woodford (2016); Nistico (2016); De-
bortoli and Gali (2017); Challe (2020); Bilbiie and Ragot (2021); Bilbiie et al. (2021); D4vila and
Schaab (2022); Acharya et al. (2023); Jennifer and Morrison (2023); Olivi et al. (2025)) and quan-
titatively (Bhandari et al. (2021); Gornemann et al. (2021); Le Grand et al. (2021); Yang (2022);
McKay and Wolf (2023)). Our paper complements these studies through an extended analyti-
cal framework. In this framework, we establish both sufficient and necessary conditions under
which inequality becomes irrelevant for optimal policy, so that output gap (or price) stabilization
remains optimal. We further demonstrate that the introduction of heterogeneous consumption
baskets leads to an intrinsically inefficient flexible-price equilibrium, thereby giving rise to a
new type of tradeoff between stabilization and redistribution.

Lastly, our paper relates to research on monetary transmission and optimal monetary pol-
icy in multi-sector models. In the existing literature, the primary focus lies in understanding
how sectoral heterogeneity shapes the slope of the Phillips curve (e.g., Carvalho (2006); Naka-
mura and Steinsson (2010); Pasten et al. (2020); Carvalho et al. (2021)). Our paper contributes
by demonstrating how mapping the distribution of price stickiness on the supply side to MPC
on the demand side provides new insights into monetary transmission. Regarding optimal mon-
etary policy, the conventional wisdom is to stabilize the output gap or, equivalently, prices in
sectors with stickier prices (e.g., Mankiw and Reis (2003); Huang and Liu (2005); Li and Wu (2016);
La’0O and Tahbaz-Salehi (2022); Rubbo (2023); Fang et al. (2025)). Our paper demonstrates that
in the presence of heterogeneous consumption baskets across households, stabilizing the out-
put gap can generate substantial welfare losses due to the redistributive motive arising from
stabilizing the cost of living faced by high-MPC households. Our paper offers a new justification
for stabilizing the price of flexible-price sectors.

Outline. The paper proceeds as follows. Section 2 describes the data and presents the main
empirical findings. Section 3 specifies the multi-sector TANK model. Section 4 illustrates the key
mechanism. Section 5 presents the quantitative analysis. Section 6 studies the optimal monetary

policy. Section 7 concludes.



2 Empirical Findings

The redistribution channel in HANK (Auclert, 2019; Bilbiie, 2020) suggests that, in the wake of
a monetary expansion, if households with higher MPC receive disproportionately more real in-
come, the general equilibrium (GE) effects become stronger, enhancing the efficacy of monetary
policy. This channel can be succinctly summarized in a single equation, underscoring that the
real impact of monetary policy hinges on the covariance between households’ MPC and the

exposure of their real income to changes in real interest rates:

d(E;/P;) R dE; R
cov(MPC;, x;) = cov|MPC;, = cov

MPC;, —’—) —cov (MPCi, %5) , @)
dR E;/P; dR E; dR P;
where R is the gross real interest rate, E; is household i’s nominal income, and P; is the
household-specific consumer price index (CPI), representing household i’s cost of living. Thus,
E;/P; quantifies the real income of household 7, and y; = %ﬁ denotes the elasticity of
household i’s real income with respect to the real interest rate.

The covariance in equation (3) can be further decomposed into two terms. The first term
involves nominal income E; and the second term is associated with the cost of living P;. Ex-
isting theories and applications in the HANK literature assume that households consume the
same baskets of goods, implying that the price index P; does not vary across households. Con-
sequently, the second term on the right-hand side of equation (3) becomes zero. In other words,
previous studies primarily focus on the first term—the heterogeneity in the cyclicality of nom-
inal income of households with different MPCs—while largely ignoring the second term: the
heterogeneity in households’ costs of living.!

Motivated by equation (3), our empirical analysis examines whether households with dif-
ferent MPCs experience different responses in their cost of living to monetary policy shocks.
Specifically, we document the following stylized facts. First, households with different MPCs
differ in their consumption baskets. Second and consequently, the goods they purchase have,
on average, different degrees of price stickiness. Finally, households with different MPCs expe-
rience different inflation rates—or increases in their cost of living—following an expansionary
monetary policy shock.

Additionally, we show that the cost of living for high-MPC households are, on average, more
cyclical and volatile. We explore the implications of this finding for social welfare and the design

of optimal monetary policy in Section 6.

IThe literature actually focuses on cov(MPCi,d(ﬁ%P)ﬁ), which is equal to COV(MPCZ-,%E%) -

cov (MPCi, g—g %). Since the second term is equal to 0, we have cov (MPCi, % %) =cov (MPC,-, % Eﬂ)
1 1

6



2.1 Data

To address our empirical question, we leverage four data sources: first, the US Consumption
Expenditure Survey (CEX) microdata, which provides detailed information on households’ ex-
penditure across different product categories, and importantly, their demographic details, such
as income, gender and housing tenure status; second, the monthly price indexes on detailed
product categories (item level) from the Bureau of Labor Statistics (BLS); third, the frequency of
price adjustment, provided and constructed by Nakamura and Steinsson (2008); and finally, the
Panel Study of Income Dynamics (PSID), which is a longitudinal survey that provides measures
of both household consumption and income.

The CEX survey collects households’ expenditures through two modules: the Diary and the
Interview. The Diary module is designed to collect expenditures on daily and frequent purchases,
while the Interview module is focused on measuring large and durable expenditures. These mod-
ules survey different households at different frequencies, making it impossible to observe the full
consumption baskets of individual households.? Following the BLS approach of constructing
household consumption basket for the consumer price index (CPI) and Cravino et al. (2020)’s
approach of constructing household-specific price index, we aggregate households based on
demographic characteristics.® Specifically, to explore the heterogeneity in consumption baskets
across households with different MPCs, we adopt the approach proposed by Cloyne et al. (2020),
categorizing households in the CEX into high- and low-MPC groups based on their housing
tenure status. Cloyne et al. (2020) demonstrates that housing tenure status is the most effective
demographic factor for categorizing households’ MPC heterogeneity. In particular, they estab-
lish that renters and mortgagors are good proxies of the "poor" and "wealthy" hand-to-mouth
households, while homeowners capture the permanent-income consumers.*

To examine the heterogeneity in household marginal propensities to consume (MPCs) across
different housing tenure statuses, we estimate household MPCs by linking the CEX with the
PSID, using the overlapping information of food consumption and demographic characteristics,
following the approach of Patterson (2023).° Our results show that both renters and homeowners

2Households in the CEX Diary module do not appear in the Interview module, and vice versa. Please see section
A.1 in the Supplementary Appendix for more details.

3please refer to the Bureau of Labor Statistics Handbook of Methods: Consumer Price Index for details,
https://www.bls.gov/opub/hom/cpi/home.htm.

4Combined with US Survey of Consumer Finance, Cloyne et al. (2020) show that households’ housing tenure
status predicts well their financial positions: renters typically have little wealth, being younger and poorer, and
mortgagors tend to have little liquidity but own sizable illiquid assets. The homeowners own both a significant
amount of liquid and illiquid assets. This is consistent with findings in Kaplan et al. (2014).

>The CEX surveys households for only a short period, which limits the variation in income and consumption
changes, making it difficult to estimate household-level MPCs directly. To address this limitation, we link the CEX
database with the PSID, which provides detailed demographic profiles and rich panel data on consumption and
income over a longer horizon, allowing for more reliable estimation of MPCs.


https://www.bls.gov/opub/hom/cpi/home.htm

with mortgages exhibit higher MPCs than outright homeowners. Accordingly, we assign renters
and mortgage payers to the high-MPC group and outright homeowners to the low-MPC group.
The MPC-group-specific consumption expenditure shares at the detailed product category level
are denoted as w?y » where j is the product category, i indicates the household MPC group, and
t refers to the time period.

The MPC-group-specific frequency of price changes is then computed by combining the
MPC-group-specific expenditure shares with data on the frequency of price changes from
Nakamura and Steinsson (2008). Specifically, the average frequency of price changes faced by
household-type h is equal to a” = (ZlT Y| w;’y @)/ T, where T is the length of the sample period
and a; is the average frequency of price changes of goods in product category j.

The MPC-group-specific CPIs, denoted as p;’, ,» can then be calculated using the monthly
detailed product category level prices {p;,;} and the expenditure weights w;” , constructed above.
When calculating these statistics, we closely follow the procedure adopted by the BLS to compute
the CPI, including how the weights w 7 , are updated. Section A.1 in the Supplementary Appendix

details how we construct the expenditure weights and the group-specific CPIs.

2.2 Households with High and Low Marginal Propensities to Consume

Before examining the relationship between households’ marginal propensities to consume
(MPCs) and the cyclicality of their cost of living, we begin by estimating MPCs based on housing
tenure status. Following the approach of Patterson (2023), we leverage the panel structure of
the PSID and the detailed consumption information from the CEX to estimate the marginal
propensities to consume (MPCs) for households with different housing tenure statuses.® Table 1
presents summary statistics of household characteristics by housing tenure. On average, outright
homeowners are older than both mortgagors and renters. While they hold the highest levels of
liquid wealth, their income tends to be lower than that of homeowners with mortgages.’ Similar
patterns emerge among renters, mortgagors, and outright homeowners in the CEX data. Figure
E1 in the Supplementary Appendix displays the distributions of age, education, and income by
housing tenure group, based on the CEX sample.

Our estimation strategy follows the approach originally developed by Gruber (1994) and
extended by Patterson (2023), which identifies MPCs by examining household consumption
responses to income shocks. Since many factors can simultaneously influence both income

and consumption, we address endogeneity concerns by instrumenting changes in household

5For most of the PSID sample, food consumption is the primary expenditure measure. However, since food
expenditure responses to income shocks are not fully representative of overall consumption behavior, we impute
total consumption by mapping PSID households to demographic and consumption patterns derived from the CEX.
“Liquid wealth is defined as checking plus stock holdings minus liquid debt.



Table 1: Characteristics of Households by Housing Tenure

Homeowner with Mortgage Homeowner without Mortgage Renter

Age 75th 48 57 43
mean 41 51 37
50th 40 52 34
25th 33 45 29
Income mean 55,683 47,757 35,870
75th 67,377 56,730 45,248
50th 46,153 36,576 31,017
25th 29,699 21,463 20,250
Liquid Wealth mean 34,979 149,360 8,961
75th 22,000 80,000 2,900
50th 3,000 11,000 0
25th -2,000 47 -1,600

income with an exogenous income shock—specifically, unemployment. This approach allows
us to identify the causal effect of income shocks on consumption.

Figure 1 presents the estimated marginal propensities to consume by housing tenure cate-
gory.® The results reveal substantial heterogeneity in MPCs across tenure groups: on average,
renters and mortgagors exhibit MPCs above 0.5, while outright homeowners display significantly
lower MPCs. These findings lend support to our approach of using housing tenure to classify
households into groups with differing marginal propensities to consume. Accordingly, in the
subsequent analysis, we classify households into high- and low-MPC groups based on their

housing tenure status.

8The estimation procedure, which follows Patterson (2023), is detailed in Supplementary Appendix B.1.
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Figure 1: Marginal Propensity to Consume by Housing Tenure and Demographics

Note: Each estimate represents a separate regression including only one housing tenure group. In the regression,
consumption is measured as total consumption, imputed following the approach of Blundell et al. (2008), and
income is measured using the individual labor income. All regressions include year-by-state fixed effects, and the
sample period is from 1985 to 2021.

2.3 Relationship between MPC and Price Stickiness

To examine the relationship between households’ MPCs and the cyclicality of their costs of living,
we proceed in three steps. In the first step, we document the relationship between households’
MPCs and the price stickiness of their consumption baskets. Our findings reveal that the aver-
age frequency of price changes for high-MPC households’ consumption basket is 23.4%, roughly
20% higher than that of low-MPC households, which is 19.7%, as shown in the left panel of Figure
2. The right panel, on the other hand, explores the price stickiness of goods purchased by house-
holds with different housing statuses. It shows that the prices of goods purchased by mortgagors
are the most flexible. On average, 25% of the prices of goods purchased by mortgagors change
in a given month, compared with 20.4% for renters. Homeowners (without mortgages) face the
stickiest prices, with an average frequency of regular price changes falling to 19.7% per month.’
Based on housing tenure status, we further split the sample by demographic characteristics,
including age, education level, and income. Supplementary Appendix Figure B.1 presents the
average frequency of price changes by age, education level, and income for households with dif-
ferent housing tenure status. While there is little variation in price stickiness across income levels
once we condition on housing tenure, some heterogeneity remains across age and education

groups. Since the key moment of interest is the correlation between MPCs and price stickiness,

9Following the literature, we focus on regular price changes throughout the analysis.
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irrespective of the specific demographic dimension used to proxy for MPCs, we adopt housing

tenure as a proxy for MPCs, in line with Cloyne et al. (2020) and our findings in Section 2.2.

Figure 2: Regular Frequency of Price Changes and MPC Groups
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Note: This figure plots the average frequency of price changes for households with different MPCs (left panel)
and different housing tenures (right panel). For each year, we calculate the average frequency of price changes.
The gray bar shows the minimum and maximum of these average frequencies of price changes, and the blue
dot shows the mean of these averages.

The difference in the price stickiness faced by households across housing tenure groups is
primarily driven by differences in their consumption patterns and the corresponding price stick-
iness of the goods they consume. Supplementary Appendix Table E1 decomposes each good’s
contribution to the difference in the average frequency of price changes between mortgagors
and homeowners, calculated as %. The table highlights the top contributors and mit-
igators to this difference across ELI-level categories.' Gasoline, used cars, and vehicle leasing
are the top contributors to the higher price flexibility in mortgagors’ consumption baskets, as
these items tend to have highly flexible prices and are more heavily consumed by mortgagors
than by homeowners. In particular, gasoline stands out: it is not only one of the most frequently
adjusted price categories but also among the items with the largest differences in expenditure
shares between the two groups.

Conversely, the main offsetting categories are services and utilities. Homeowners tend to
allocate a larger share of their consumptions to the stickiest-price categories, including general
medical practice, hospital services, and motor vehicle insurance. Additionally, Table E2 in the
Supplementary Appendix summarizes the largest differences in expenditure shares between

mortgagors and homeowners. The top categories consumed more by homeowners relative to

10To match the expenditure shares from the BLS with the frequency of price changes from Nakamura and Steins-
son (2008), both expenditure weights and price stickiness are measured at the ELI level. In total, 263 ELIs are
matched.
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mortgagors are predominantly services—particularly medical care services like hospital services,
general medical practice, and care of the elderly in the home—which are among the categories
with the stickiest prices.

Overall, the analysis suggests that the households’ MPC and the price stickiness they face
exhibit a negative relationship.

2.4 Group-specific Price Responses to Monetary Policy Shocks

In the second step, we assess the responses of household MPC-group-specific prices to monetary
policy shocks. We adopt the local projection method of Jorda (2005). In particular, we estimate
a series of regressions for each MPC group h over different horizons on the monetary policy
shocks in period-¢, controlling for lags of shocks and inflation. Specifically, we run the following

regressions:

J I
p?+s - pt}‘l = 77? +e?8h00kt + Z ﬁgj(le—j - p?—j) + Z Y?,iShOth—i +€?+s’ “4)
j:l i=1

where p? is the log of MPC-group-specific CPIs, and shock; is the Bu et al. (2021) measure
of monetary policy shocks.!! In the Supplementary Appendix Section B.3, we also the use ex-
tended Romer and Romer (2004) monetary policy series from Coibion et al. (2017) and the
high-frequency monetary policy shocks identified by Jarocinski and Karadi (2020) as robustness
checks. Here, 6" is the coefficient of interest, measuring the changes in log prices (or inflation) at
period ¢+ s relative to period ¢ in response to a 100-basis-point monetary policy shock at period
t. Following Romer and Romer (2004), the control variables contain 36 lags of the shocks (I = 36)
and 24 lags of monthly group-specific inflation (J = 24). The sample is monthly from 1994m]1 to
2023m12, and the impulse responses are estimated over a 60-month horizon with s =0,1,---,60.

The left panel of Figure 3 plots the impulse responses of changes in (log) CPI for low-MPC
households. Following a 100-basis-point expansionary monetary policy shock, the change in
(log) CPI (i.e. inflation) for these households rises by approximately 5 percentage points over
an 18-24 month horizon. Our main object of interest is the differential response in changes in
(log) CPI between high- and low-MPC households. To capture this, we estimate a version of
equation (4) using the difference in changes in (log) CPI (i.e. the inflation differential) between
the two groups as the dependent variable. The resulting estimates are shown in the right panel
of Figure 3, with the dark and light gray areas representing the 1- and 1.65-standard-deviation

"The monetary policy shock series identified by Bu et al. (2021) provides a stable bridge between periods of
conventional and unconventional policy, remains largely unpredictable, and shows no evidence of significant cen-
tral bank information effects. Thus, it enables clearer causal analysis of how monetary policy affects economic
outcomes.
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Figure 3: Impulse responses of prices to monetary policy shocks

Aplow MPC Aphigh MPC _ Aplow MPC

10 15
1

5
L

0
1
Percentage points

Percentage points

-5
L

Note: The panel charts display the impulse response functions (IRFs) to a 100-basis-point negative monetary
policy shock, with the dark and light gray shaded regions indicating the 1- and 1.65-standard-deviation con-
fidence intervals, respectively, based on the monetary policy measure from Bu et al. (2021). The left panel
displays the IRFs of changes in the log CPI (inflation) for low-MPC households, while the right panel depicts
the differential inflation responses between high- and low-MPC households. The specification includes 36 lags
of the shock variable (I = 36) and 24 lags of monthly household-specific inflation (J = 24).

confidence intervals, respectively. The figure shows that, following an expansionary shock, the
price level for high-MPC households increases more than that for low-MPC households. The
inflation differential peaks at approximately 2 percentage points around 24 months after the
shock, indicating that the CPI for high-MPC households responds about 40% more than that
of low-MPC households. This difference is statistically significant during the first 24 months
post-shock and gradually fades thereafter. We conduct robustness checks by using alternative
lag specifications in the local projection framework and alternative measures of monetary policy
shocks. As discussed in Supplementary Appendix Section B.3, the estimated impulse responses

remain robust across both alternative lag structures and shock measures.

2.5 Cyclicality and Volatility of Group-Specific Inflation Rates

In the final step, we show that the inflation faced by high-MPC households is more cyclical and
volatile than that of low-MPC households. The left panel of Figure 4 plots the evolution of the

annual inflation for the Inequality Price Index (IPI, blue line), defined as 7'0W-MPC _ 7 Migh-MPC

alongside inflation of the Consumer Price Index (CPI, red dashed line), for the period from 1970
to 2025. A clear negative comovement is displayed between these two series. Higher aggregate
inflation is associated with greater disparity in inflation between high-MPC and low-MPC house-

holds, with high-MPC households experiencing higher inflation when aggregate inflation is high,
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and lower inflation when it is low. This negative correlation is further illustrated in the right panel
of Figure 4, where each dot represents an annual observation.

Greater cyclicality in the cost of living faced by high-MPC households implies that their
inflation is also more volatile. In fact, inflation volatility faced by high-MPC households is, on
average, 16% higher than low-MPC households over the period 1970-2025. This difference has
become more salient in recent years, with high-MPC households’ inflation being 21% more
volatile since the year 2005. Supplementary Appendix B.4 provides additional evidence on the
evolution of the inflation and inflation volatility faced by different households over time.

To identify the goods driving the differences in inflation volatility shown in Figure 4, we
decompose the volatility of the inequality price index (IPI) by excluding one good at a time
from the household consumption basket when constructing the household-specific price index
and then recalculating the IPI volatility. Supplementary Appendix Table E3 reports the top 10
items that contribute most and least to the volatility of the IPI inflation, based on a total of 183
item-level goods.'? Consistent with the results from the decomposition of price flexibility in
Section 2.3, we find that gasoline is the single largest contributor to IPI inflation volatility. In
contrast, utilities and service-related items, such as utility gas service and hospital services, play
a stabilizing role and help dampen volatility in the inequality price index. Section 6 highlights
the importance of accounting for the differences in cyclicality and volatility of the cost of living
across households in evaluating the social welfare and designing the optimal monetary policy.

Figure 4: Evolution of Inequality Price Index (IPI) and CPI
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Note: The left panel plots the time series of the Inequality Price Index (IPI), defined as nlt"W'MPC - ﬂ}tligh_MPC

alongside the Consumer Price Index (CPI). The right panel plots the relationship between IPI and CPI, with
each dot representing an annual observation. The correlation is -0.49 with a p-value smaller than 0.001.

’

12The household-specific price index is constructed using item-level price indexes from the BLS and item-level
consumption expenditure shares from the CEX. Note that the classification of goods at the item level and ELI level
is not perfectly aligned.
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3 Framework: A Multi-Sector TANK Model

Motivated by the empirical evidence, this section develops a theoretical and quantitative frame-
work featuring a multi-sector Two-Agent New Keynesian model with heterogeneous consump-
tion baskets (abbreviated as TANK-HT). The TANK-HT serves as an extension of the TANK model
in Bilbiie (2020). In this extension, we introduced heterogeneous consumption baskets between
the Ricardian households (or savers) and the Keynesian households (or the hand-to-mouth).
These two groups exhibit differences in their expenditure shares across sectors and therefore

face different degrees of price stickiness.

3.1 Model

3.1.1 Households

There are two types of households in the economy: the Ricardian and the Keynesian, with mea-
sures 1 — A and A, respectively. The Ricardian households, denoted as R, have unconstrained
access to a complete financial market, while the Keynesian households, denoted as K, cannot ac-
cess financial markets and spend all of their income in each period (i.e., hand-to-mouth). There
is a continuum of firms distributed in I sectors. The Ricardian households own all firms in the
economy, and each household has an equal share. The utility function for households of type
h(h € {R,K}) is given by:
(e~

h nrh
VC N = Ty

where C ? denotes the consumption of a composite good, Nf is the supply of labor, o is the
elasticity of intertemporal substitution (EIS) and y is the inverse of Frisch elasticity. We assume
that all households supply homogeneous labor in a single labor market. We allow households
to consume different baskets of goods across product categories, so that the composite good
consumed by household type # is aggregated according to

ch

I o}
h _ it
ci-1(o)
i=1

h
W;
where a)f.‘ is a household-specific taste shifter that can be calibrated using household-specific
expenditure shares. Correspondingly, the price index faced by household type £ is given by
h

P=11(rh)" ®

i=1
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and the inflation faced by household £ is defined as n’g = Pth+1 / P? -1.

In sector i, a continuum of monopolistically competitive firms, indexed by j, produce differ-
entiated goods. The goods produced in sector i is defined by

0
0-1

)

Cua=| [ 160 ()7 aj

where 6 is the (price) elasticity of substitution across differentiated goods j within sector i. The

price of goods produced in sector i is an aggregation of the prices of the differentiated goods,

1
Poe= (1P ()]0 )™
Household h’s demand for differentiated goods C; ;(j) and the sectoral composite good C; ;

is given by
h o, Pi,t(j) 0 h
G ()= P, Cip (6)
and
P.
Cru=0i | i |G- @)
t

According to the Divisia index, the aggregate real value added (or real GDP) in period ¢ is
calculated by fixing nominal prices at the base period (see Vom Lehn and Winberry (2022)):

C;=APXCK+1-2)PRCE,

where PX and P® are the steady-state prices. The aggregate consumer price index (CPI) in period
t is defined as:
A 1-1
P=(P) (PF) "
The Ricardian household maximizes its utility by choosing consumption, labor supply, and
bond holdings, subject to the flow budget constraint:

o0
max [Eo Y B'U(CE NF)
{CRLNB.Bi 1} =0

s.t. PRCR+ Q;141Br1 < W,NF+B,+ D,/ (1-A) + TF,

where S is the discount factor, W; is nominal wage in the economy, B;;; is the holding of a
nominal bond paying at t+1, Q;,;+1 is the bond price at period ¢, and D; denotes total profits of

firms. We use Tf and T IK to denote the nominal amount of lump-sum government transfers per
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Ricardian capita and per Keynesian capita, respectively.
In contrast, the Keynesian household maximizes its utility by choosing the intratemporal

consumption and labor supply:
max U CK,NK
F (CroNy)

s.t. PXcK =w,NK + TK, (8)

Optimality Conditions. The Ricardian households’ intertemporal optimization gives rise to

the Euler equation:
|
,B[Et(Cfﬂ) g _ Qt,t+1[Etpf+1

9)
chH=—" Pf
Household /’s intratemporal condition yields the labor supply curve:
Ch —o! Ph
L =_L (10)
(NP W,

3.1.2 Firms

In each sector i, there is a unit measure of monopolistically competitive firms. Firms set prices
as in Calvo (1983), and the frequency of price changes among firms in section i is 1 — a;. The

production function of firm j in sector i is given by
Yi(j) = Ai,eNit ().

where {A; ;} are productivity shocks in sector i, independent across sectors and periods.
Firm j in sector i is managed by a risk-neutral manager with discount factor 8, who chooses

its pricing strategies to maximize the sum of its discounted profits:

pi,t(j))_g(

Pi,t+s

max [, i ,Bsaf.{ [(L+7) P ¢ () — Wieas] (

CEas* Cly) b 11
Pij) =0 it+s " Vit+s (11)

where 7 = 1/(0 —1) denotes the government subsidy rate on revenue, chosen to ensure that firms
earn zero profits in the steady state. Firms take the nominal wage as given, and the wage rate is

uniform across sectors and firms.
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Optimality Conditions. The optimal price for the firm’s problem in equation (11) is given by

* _z‘;‘;oﬁSa;(i)_g(cK +CR L Wiest A

. Pitis i, t+s i,t+s 12)
' o (P \ Ok R
220 lBsai (m) (Ci,t+s + Ci,t+s)
The sectoral price i satisfies the following condition,
1
1-6 * 1-6)1-0
Pir=|aiPl,? + (- ay) (Pm) (13)
The inflation of sectoral i is defined as
P.
1+, = 222 (14)
Pi
and can be expressed as follows
1
1-6
1 = ¢ 15
+ni,t - p* 1-0 ( )
1-(1-a)(54)
1,t

3.1.3 Government

The government conducts both fiscal and monetary policies. It levies lump-sum taxes
X! 7 [[P:i:(j)Cit(j)] dj on firms to generate revenue for the subsidy mentioned earlier to the
Keynesian and Ricardian households. Additionally, the government employs a transfer scheme,
denoted as {Tf, TIK }. This scheme involves taxing firms’ profits at a rate 7,4 and redistribut-
ing the proceeds to the Keynesian households, with the income redistribution determined by
ATK = —(1-2) TR = 7,4D;. This type of redistribution plays an important role in shaping the
income cyclicality of Keynesian and Ricardian households, and is found to be critical for mone-
tary transmission when agents have heterogeneous MPCs (Bilbiie (2020)). This transfer scheme
is simple yet flexible since any redistribution can be achieved by varying one parameter 7 ;. For
example, when 74 = 1, all firms’ profits are sent to the Keynesian households. We assume that
there is no government spending and that the government balances its budget in each period.
Following Coibion and Gorodnichenko (2012), the monetary authority follows an interest

rate rule subject to persistent shocks:

. . - P\ (Y \ P tp
exp(iy) = exp [piir—1+ (1 - pi)7] [(P 1) (?) ] exp (vy), (16)
t_
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where i; = —log Q; +1 is the nominal interest rate, ¢ is the steady state nominal interest rate, p;
is the interest-rate smoothing parameter, ¢, and ¢, represent central bank’s responsiveness
to aggregate inflation and aggregate output. The monetary policy shock is characterized by an

AR(1) process, vy = pv;—1 + {1, where {,, ; is an i.i.d process with zero mean and finite variance.

3.1.4 Equilibrium

Definition 1 (Equilibrium). Given the law of motion for sectoral productivity shocks { A; ;} and

monetary policy shocks {v;}, an equilibrium of the economy consists of:

1. Household h’s demand for sectoral and differentiated goods {C lht} and {Cipft( J) }, given by
equation (6) and (7), along with aggregate consumption le’ and labor supply N f that satisfy
condition (9) and (10).

2. Firms' optimal prices {Pl* r} that solve the price-setting problem (11) and satisfy conditions
(12) and (13).

3. Aggregate prices {Pi,t}l{zl, P?, Wy, 1y, iy, and n?, which satisfy equations (5), (9), (10), (13),

(14), (15) and the Fisher equation 1 +i; = (1+r,) (1 + nfﬂ).

4. Labor market clearing condition NX + NR = Z{Zl S Ni:(j)dj and bond market clearing
condition B; = 0.

5. A monetary policy rule given by the specification (16).

Log-linearization. In the remaining part of this paper, we work with the log-linearized version
of the model by approximating the equilibrium conditions around a deterministic steady state
where the inflation rate is zero. Log-deviations from their steady-state counterparts are denoted
by lowercase variables. In Supplementary Appendix C.1, we derive the steady-state equilibrium,
and in Supplementary Appendix C.3, we present the log-linearized conditions. Conditions for

determinacy of the equilibrium are provided in Supplementary Appendix C.4.

4 The Inflation Heterogeneity Channel

Armed with the theoretical framework, this section investigates how the relationship between
MPC and price stickiness affects households’ consumption, the aggregate MPC, and the Key-
nesian multiplier. In particular, it highlights a novel channel of monetary transmission: the
inflation heterogeneity channel.

Since our focus is on the monetary transmission mechanism and the response in the demand

block, we assume that the sectoral productivity remains at its steady-state level, i.e., A;; = 1. This
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assumption is relaxed in Section 6, where we examine the implications for optimal monetary
policy. We further assume that the process of real interest rate {r;}%°, is exogenous.'* We then
characterize the response of the aggregate consumption to the expected future path of changes

in the real interest rate.

4.1 Inflation Heterogeneity and Consumption Response

With the model setup, the aggregate nominal profits in the economy at period ¢ are given by
Di=(1+1)) f Pi (DY (Ndj =) f WiNi()dj-7) f Py, () Yie())d].
i i i
Approximating this expression around the steady state to a first-order approximation yields

di=—(w:-py),

where d; is defined as D,/ Y. The aggregate nominal profits d; move inversely with the real wage
-1

rate w; — p;. By equating the aggregate labor supply (n; = W) with the labor demand

(n; = c;), we obtain the expression for the nominal wage rate:

wi=pe+(y+o e (17)

Combining the labor supply equation and budget constraint of the Keynesian household pX +
K _

C; = wp+ nf + TTd d;, we derive the relationship between consumption, wage and nominal profits:
_ T
(r+07) el = (147) (we - pf) + Ela (18)

Replacing nominal wage equation (17) in expression (18), and recalling that the aggregate
profits d; satisfy d; = — (wt -p t), we demonstrate how the Keynesian household’s real income
(and consumption) yX moves in tandem with the aggregate income y, in the following equation,

1-1
Ve =Xy “t— (pX-ph), (19)

where

T4 Y+1

Xy51+)/(1— /1), XPEA)TU_I.

13This assumption has been widely used in the literature studying the monetary transmission mechanism in the
demand block (e.g. Auclert (2019), Bilbiie (2020)). Different from these papers, we do not assume fixed or perfectly
sticky prices. Instead, prices across sectors exhibit heterogeneous degrees of stickiness.
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Since y; = A yf +(1-2) yf , Ricardian’s real income (consumption) is given by

1-1

yi= ve+xp(pr—-ph)- (20)

In this expression, pf — pX reflects the cyclical inequality in the cost of living between house-
holds, capturing the differential responses of Ricardians’ and Keynesians’ price indexes (or cost
of living). TANK is nested as a special case of TANK-HT when the sectoral price responses are
equal (i.e., pX = pf).

The key parameter y,, which determines the elasticity of the Keynesians’ real income (and
consumption) to aggregate income in TANK and is thoroughly discussed in Bilbiie (2020), gov-
erns whether aggregate consumption in TANK is dampened or amplified relative to RANK. The
underlying idea is that, following a shock to the real interest rate, if the resulting aggregate real
income is disproportionally redistributed to the Keynesian households, given their higher MPC,
the general equilibrium effect will be stronger, and the Keynesian multiplier will be larger. The
following lemma determines the cyclicality of Keynesians’ and Ricardians’ real income in TANK-
HT.

Lemma 1. The elasticity of the Keynesians’ real income to aggregate real income is given by

dyk 1-Ad(pf - pf)

dy, AT ArTy dy,

)

and the elasticity of the Ricardians’ real income to aggregate real income is given by

dyf _1-Axy ‘y d(pr - pr)
dy: 1-A " dy,

The cyclicality of Keynesian’s real income, denoted by %, is no longer exogenously deter-
mined, but endogenously determined in equilibrium. For instance, when pX — p¥ is procyclical
or when the Keynesian faces greater inflation after a real interest rate shock (pX > pF), the Key-
nesian’s real income will be less cyclical relative to its counterpart in TANK. On the contrary,
Ricardian’s income elasticity to aggregate income is positively correlated with pf - pk.

This result is driven by the fact that the relative increase in the cost of living of the Keyne-
sians, or the price of Keynesian’s consumption baskets, further lowers Keynesian’s real income.
This is only possible when pX # p®, or when consumption baskets are heterogeneous across
households. Unlike TANK, price responses in TANK-HT are now relevant for the cyclicality of
the Ricardian’s and the Keynesian’s real income. This feature connects the demand side and the

supply side of the economy and will play an important role in the dampening or amplifying
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result established below.
Combining the Ricardian’s Euler equation and the intertemporal budget constraint, the Ri-
cardian’s consumption at period ¢ can be expressed as a function of changes in real interest rates

and income,

:—aﬁZﬁ [Etr;+s+( )Z,BS[EI.VHS

Given the path of real interest rate changes {r;s};2, and the path of future income { yﬁr sTeop the
marginal propensity to consume after a transitory income increase at period ¢ is captured by
1 — B. The Ricardian’s consumption function can be written in the following recursive form,

:(1_,5)J/f_‘7ﬁrt+ﬁ[Eth+1- (21)

Proposition 1 is obtained by 1) replacing (19) into the Keynesian's consumption function
(cX = yX) and plugging (20) into the Ricardian’s consumption function (21), 2) aggregating these
consumption functions across all households, and 3) using the market-clearing condition ¢; =

Ye.

Proposition 1. In response to a path of real interest rate changes {1+ s}, the aggregate consump-
tion at period t in RANK, TANK and TANK-HT are given by:

RANK:  ¢;=—0E; ) reys (22)
s=0
TANK L i (23)
: Cr=— o Ttis,
t 1 _AXJ/ ts . t+s
TANK-HT: ¢ L Z -1 (pX-phH), (24)
: == - ]ny ts . Ttvs— 1- A1y —Xp\Pr —P:

Expression (22), (23), and (24) capture the equilibrium consumption responses to a given
path of real interest rate changes in RANK, TANK and TANK-HT, respectively. Expression (23)
echoes the idea in Bilbiie (2020) that the cyclicality of real income inequality determines whether
the aggregate consumption response is amplified or dampened in TANK relative to RANK.

One immediate observation of Proposition 1 is that in RANK and TANK, once the path of real
interest rates is determined, price responses, and therefore the degrees of price stickiness, play
no roles in determining the response of aggregate consumption. In contrast, the aggregate con-
sumption response in TANK-HT depends on the heterogeneous price responses across sectors,
as indicated by (pX — p®) in expression (24).

Specifically, following a sequence of real interest rate cuts, if the Keynesian households face
smaller price responses on impact, the aggregate consumption response is larger in TANK-HT

than that in TANK. In this case, the aggregate consumption response is amplified in TANK-HT.
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Conversely, if the Keynesian households face greater price responses on impact, the aggregate

consumption response is dampened in TANK-HT.

Corollary 1. Equation (24) reduces to (23) when a){.( = wf, Vi=1,...,1, and further reduces to (22)
when A =0.

More generally, Proposition 1 highlights that the correlation between households’ MPC and
the cyclicality of their cost of living plays a critical role in monetary transmission. Importantly,
Corollary 1 states that it is not the heterogeneous sectoral price responses per se that drive the
amplification and dampening result. In fact, the aggregate consumption response collapses to
(23) once we assume that the Keynesians and Ricardians consume the same baskets of goods,
even if price stickiness is still heterogeneous across sectors.

The empirical result in section 2 indicates that the Keynesian households face more flexi-
ble prices. Proposition 1 therefore suggests that our proposed channel dampens the effects of
monetary policy. The magnitude of this dampening effect is ultimately a quantitative question,
which we will explore in a calibrated version of our model in section 5.

4.2 The Keynesian Multiplier and Aggregate MPC

To understand the factors driving our results in Proposition 1, we decompose the aggregate
consumption response into the direct effects and the general equilibrium effects. Following
Bilbiie (2020), we define c? as the autonomous spending, w as the aggregate marginal propensity
to consume (MPC), and Q as the Keynesian multiplier in our model. We consider a sequence of
real interest rate cuts with persistence 6, {r;+s=-0°r, s=0,1,2,...}.

The autonomous spending in period t represents the direct response of consumption de-
mand arising from the intertemporal substitution effect of Ricardian households. Combining Ri-
cardians’ Euler equation and their consolidated budget constraints, we obtain the autonomous

spending in period ¢ in TANK and TANK-HT, denoted by c? TANK and c? TANK-H T,

_ & of(1-1)
CtD,TANK _ C?,TANK HT _ _56(1-2) S Efrres = p r (25)
s=0 1- :66
The autonomous spending is the same in TANK and TANK-HT, as they are both generated by
the intertemporal-substitution motives of the Ricardian households.
The Keynesian multiplier Q) is the ratio between the aggregate consumption response c;
and the amount of autonomous spending c?, Q = ¢;/cP. The aggregate marginal propensity to

consume (MPC) w is defined as ¢; = c?/(l —w), or equivalently w =1 -1/Q.
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Proposition 2. Suppose there is a sequence of real interest rate cuts with persistence 8, {r;.s =
-0°r, s=0,1,2,..}. The Keynesian multipliers in period t in TANK and TANK-HT can be written

as,

1-B6
TANK: Q= :
p(L-8)(1-Ayy)
1-B6 1-B6
TANK-HT: Q= b h )Xp(pf—pf).

pu-8)(1-Ax,) oB(1-Ayy

Proposition 2 is derived by substituting expression (23), (24), and (25) into the definition of
the Keynesian multiplier. The aggregate MPC w is then obtained from w =1—-1/Q.

Both the Keynesian multiplier and the aggregate MPC are decreasing functions of the cyclical
inequality in the cost of living at period ¢, pX — pR. Therefore, they both depend on the relative
degree of price stickiness between sectors. This reveals, in the New Keynesian framework, a
novel channel through which the supply block interacts with the demand block. In RANK and
TANK, price stickiness affects demand by first influencing inflation and, consequently, impact-
ing the magnitude of the real interest rate through the Fisher equation. Once the path of real
interest rates is fixed, price stickiness becomes irrelevant. On the contrary, in our model, the dis-
tribution of price stickiness across agents shapes aggregate demand by dampening/amplifying
the general equilibrium effect, even conditional on the path of real interest rates. This damp-
ening or amplification is a consequence of varied inflation responses experienced by different

households and we label it as the inflation heterogeneity channel.

An Illustrative Example. In Appendix D.3, we illustrate the core mechanism of the model
through a simple example that assumes the Ricardian and Keynesian households consume
entirely disjoint sets of goods. This simplification allows us to more clearly illustrate two core
mechanisms in the analysis. First, it allows us to directly link the responsiveness of each house-
hold type’s cost of living to sectoral differences in price stickiness. Second, it highlights that both
the strength of the amplification or dampening effect and the size of the Keynesian multiplier

increase with the degree of heterogeneity in sectoral price rigidity.

Discussion. The inflation heterogeneity channel can possibly be generalized to study business
cycles and the effects of fiscal policy. Intuitively, by amplifying or dampening the Keynesian mul-
tiplier, the inflation heterogeneity channel can amplify or stabilize fluctuations over business cy-
cles.'* Similarly, government spending exerts uneven inflationary pressure on households’ cost

of living. The magnitude of the fiscal multiplier can vary depending on the correlation between

“patterson (2023) shows that the positive covariance between households’ MPC and income cyclicality amplifies
business-cycle fluctuations. Our proposed channel focuses on the covariance between households’ MPC and the
cyclicality of the cost of living, and can be extended to study the business-cycle fluctuations.
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households’ MPC and the relative price stickiness they encounter. We leave the exploration of

these implications to future research.

5 Quantitative Analysis

In Section 4, we demonstrated how the relationship between MPC and price stickiness influ-
ences household consumption, the aggregate MPC, and the Keynesian multiplier through the
inflation heterogeneity channel proposed in our framework. In this section, we shift from the-
oretical analysis to quantitative evaluations. Specifically, we calibrate the multi-sector TANK
model outlined in Section 3 using the microdata discussed in Section 2. We aim to quantitatively

assess the impact of the inflation heterogeneity channel on the effectiveness of monetary policy.

5.1 Calibration

The model is calibrated at a monthly frequency, and the parameters calibrated externally are
based on the conventional values in the literature. The discount factor g is calibrated to be
0.9975. The elasticity of intertemporal substitution o is set to 0.5. To achieve a Frisch labor
supply elasticity of 1/3, we select y = 3 (e.g. Chetty et al. (2011)). The Taylor rule parameters are
determined as ¢, = 1.24 and ¢, = 0.5/12. For the monetary shock, we assign a monthly standard
deviation and persistence of v = 0.0025 and p = 0.9, respectively.

The rest of the parameters are calibrated to match micro moments in Section 2. The number
of sectors [ is calibrated to be 263 to match the number of Entry Level Items (ELIs) in the data. In
both TANK with heterogeneous consumption baskets (TANK-HT) and TANK with homogeneous
consumption baskets, the frequency of price changes 1 — ¢; in sector i is set to match the fre-
quency of price changes of goods in ELI i. We assign mortgagors and renters to be the Keynesian
households and the outright homeowners to be the Ricardian households. The corresponding
consumption weight w? is set to be the expenditure share consumed on ELI i by household
type h, constructed in section 2. The average frequency of price changes faced by Keynesians
is 0.234, and that faced by Ricardians is 0.197. Table 2 presents the calibrated parameters. As
the pricing moments documented in Nakamura and Steinsson (2008) span 1998 to 2005, our
calibration uses 2005 expenditure shares.'® In TANK, the consumption weight in sector i is set
to w; = Aw¥ + (1 -Nwk.

Calibrating A and 7;. Two key parameters determine the effects of monetary policy: the frac-
tion of Keynesian households denoted by A, and the real income cyclicality of Keynesian house-

150ur results are robust to using expenditure shares in other years.
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Table 2: Calibrated Parameters

Externally calibrated

Discount factor B 0.9975
EIS o 0.5
Frisch elasticity % 1/3
Taylor rule coefficient ¢bn 1.24
Taylor rule coefficient y 0.5/12
Shock size at impact v 0.0025
Shock persistence o 0.9
Interest-rate smoothing Pi 0.9
Internally calibrated

Number of sectors K 263
Average freq. of price changes 1-a  0.208
Average freq. faced by K l-ax 0.234
Average freq. faced by R l-arp 0.197

holds in TANK denoted by y . Bilbiie (2020) demonstrates that by adjusting these two parame-
ters, the TANK model can accurately replicate the aggregate effects of monetary policy shocks in
the existing quantitative-HANK studies, including Kaplan et al. (2018), Gornemann et al. (2021),
Debortoli and Gali (2017), Hagedorn et al. (2019), and Auclert et al. (2018).'° For the sake of
robustness, we follow the calibration outlined in Bilbiie (2020), allowing for different values of
A and y, as detailed in Table 3. The first column lists names of the studies, and the second
and third column presents the calibrated values of y, and A for each study. For our baseline

calibration, we pick the median value from these studies, setting A = 0.3 and y = 2.16.17

5.2 The Effects of Monetary Policy

With the calibrated economy as our laboratory, we proceed to assess the real effects of monetary
policy in TANK-HT. As discussed earlier, we set a fixed path for real interest rate changes and
measure monetary non-neutrality by calculating the cumulative consumption responses.

In our baseline calibration, the cumulative aggregate consumption response is 0.0427. Of
this, 58.6% is attributed to the Keynesian households, with a response of 0.0251, while the remain-
ing 41.4%, totaling 0.0177, is consumed by the Ricardian households. In TANK, the cumulative
aggregate consumption response is 0.05. The Keynesian households consume 0.0323 (64.6%),

163pecifically, Bilbiie (2020) set y and A in TANK to match the Keynesian multiplier Q and aggregate MPC w in
the quantitative-HANK studies listed in Table 3.
These values are, coincidentally, also the mean of the first and second columns.
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Table 3: Calibration of Parameters y, and A

Studies Parameters Dampening effect Targeted Moments

Xy A % ®  Qtransfer
Kaplan et al. (2018) 148 0.41 15% 1.5 0.8 —
Gornemann et al. (2021) 2.16 0.3 15% 2 0.9 —
Debortoli and Gali (2017) 2.55 0.21 10% 1.7 0.64 —
Hagedorn et al. (2019) 3.1 0.24 17% — 077  0.66
Auclert et al. (2018) 1.51 0.36 13% — 0.55 0.53
Baseline (This paper) 2.16 0.3 15%

Note: "—" indicates missing or unavailable data. Here, % represents the magnitude of am-

plification of HANK relative RANK, w is the share of indirect effect and Qangter is the fiscal
transfer multiplier.

and the Ricardian households consume 0.0177 (34.8%). By this metric, the aggregate effects of
monetary policy are 14.6% smaller in TANK-HT than those in TANK.

Figure 5: Impulse Responses to the Real Interest Rate Shock

1210 (a) Consumption 610 (b) Prices x10~* (c) pf —pf!

T T
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+
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Note: Panel (a) illustrates the impulse responses of the consumption of the Keynesians and the Ricardians in
TANK-HT and TANK, respectively. Panel (b) plots the impulse responses of the prices faced by the Keynesians
and the Ricardians. Panel (c) shows the difference between the two price indexes, pf - pk.

As shown in panel (a) of Figure 5, the difference in consumption response is entirely driven
by the reduction in consumption of the Keynesian households. Consequently, the Keynesian
multipliers, as defined in section 4, are 1.69 in TANK-HT and 2 in TANK. The corresponding
aggregate MPCs are 0.41 and 0.5, respectively. Panel (b) and panel (c) plot the responses of p*
and pX as well as their difference pX — p®. The peak response of pX is approximately 9.1% higher
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than that of pf , consistent with its empirical counterpart.'®

In addition, we assess the robustness of our results across different calibrations of A and
Xy listed in Table 3. The last column in Table 3 quantifies the extent to which aggregate con-
sumption in TANK-HT is dampened relative to TANK. The dampening effect ranges from 10%
calibrated to Debortoli and Gali (2017), to 17% calibrated to Hagedorn et al. (2019).

Heterogeneous Consumption Baskets or Heterogeneous Price Stickiness. To demonstrate
the necessity of both heterogeneous consumption baskets across households and heteroge-
neous price stickiness across sectors for our results, we systematically eliminate each assump-
tion in TANK-HT. Specifically, we investigate two scenarios: one where consumption baskets are
homogeneous across households while price stickiness across sectors is heterogeneous, and the
other where price stickiness is homogeneous but the consumption baskets are heterogeneous.
In both scenarios, we find that the IRFs are identical to those in TANK. This finding suggests that
itis crucial to connect heterogeneity in the demand side with heterogeneity in the supply side

to accurately evaluate the efficacy of monetary policy.

Discussion: Nonhomothetic Price Elasticity. Recent research has highlighted the importance
of nonhomothetic price elasticity, both empirically (e.g., Auer et al. (2023)) and theoretically
(e.g., Fally (2022), Olivi et al. (2024), Mongey and Waugh (2025), Li (2025)). We briefly discuss the
potential implications for our quantitative results. Because Keynesian households experience
more cyclical income fluctuations than Ricardian households, their price elasticity of demand
is likely to vary more strongly over the business cycle. In particular, following a monetary ex-
pansion, Keynesian households become less price-sensitive. In response, firms selling to these
households raise their prices, dampening the increase in Keynesian households’ real income.
This attenuates the Keynesian multiplier and further weakens the overall transmission of mone-
tary policy, complementing our dampening mechanism. While it is not the focus of this paper,

the quantitative relevance of this channel remains an open question for future research.

6 Optimal Monetary Policy

In models with heterogeneous agents, such as TANK, the presence of imperfect insurance leads
to cyclical income inequality between Ricardians and Keynesians. Our empirical evidence sug-
gests that differences in households’ cost-of-living cyclicality introduce a new form of cyclical
inequality. Does this particular type of inequality affect the design of optimal policy? If so, what

constitutes the optimal monetary policy? This section attempts to answer these questions.

8Note that the magnitude of monetary policy shock in the empirical estimation is 100 basis points, while in our
quantitative model it is 25 basis points.
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We begin by demonstrating that incorporating heterogeneous consumption baskets into
the TANK model introduces a time-varying inefficient wedge between the flexible-price equi-
librium level of output and the efficient one, thereby rendering the flexible-price equilibrium
socially inefficient. The result is discussed in detail in Section 6.1. We then establish conditions
under which the efficient allocation can be implemented by a sticky-price equilibrium in Sec-
tion 6.2. Under these conditions, stabilizing the output gap simultaneously stabilizes prices and
minimizes inequality, achieving the social optimum. We refer to this result as the "triple divine
coincidence" and show that it holds in a standard one-sector TANK model. Section 6.3 derives
the optimal monetary policy by formulating and solving a Ramsey problem, in which the so-
cial planner directly chooses the output gap and sectoral inflation rates to maximize the social
welfare, subject to the implementability constraints.

Unless otherwise specified, we assume that household #’s utility function in period ¢ is given
by

wi=uch-vh.

The central bank assigns equal weights to each household and the social welfare in period ¢ is

expressed as
W, = AUCKH + 1 - 1)U (Ch - [AVINS) + 1 -1V ND]. (26)

6.1 The Inefficiency of Flexible-Price Equilibrium: a Time-Varying Wedge

This section illustrates the inefficiency of the flexible-price equilibrium arising from hetero-
geneous household consumption baskets. The differing exposures of household-specific price
indexes to sectoral shocks generate cyclical inequality in their cost of living, even when prices are
fully flexible. The inability of Keynesian households to trade financial assets limits risk sharing
across households, thereby contributing to this inefficiency.

As a benchmark, we first characterize the conditions under which the allocation is efficient

(i.e., first-best), summarized in the following lemma. '’

Lemma 2. Consider the TANK-HT model specified in section 3. The efficient allocation

19See Supplementary Appendix E.1 for a proof.
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{Ch Ch N h} satisfies the following conditions:

VI =A 27)
U'(Chdchiach
V(NS
v .
~ -1
u'ccr) A_f 29)
U'(Chy | AR

for households h € {R, K} and all sectorsi = 1,.., I, where Al = HI (A,-,t)w?.

Condition (27) states that, in the optimal allocation, household /’s marginal rate of substitu-
tion between consumption of good i and labor is equal to the marginal rate of transformation,
A; ;. This condition governs the allocation of consumption across sectors. Condition (28) im-
plies that, for any given consumption allocation—and hence total labor supply—it is optimal
to equalize NX and NP in order to minimize labor supply inequality, owing to the convexity of
V(-). This condition determines the aggregate labor allocation between different households.
Finally, Condition (29) indicates that the planner allocates more consumption to households
whose consumption baskets, on average, are associated with higher productivity.

Subsequently, we turn to the set of conditions characterizing the flexible-price equilibrium,

as presented in the following proposition.?’

Proposition 3. The allocation {6? o éf,ﬁth} in flexible-price equilibrium in TANK-HT satisfies

the following conditions:

V') =A (30)
U'(Chdchiach "
‘7/ NK Vl NK
A( t):8t (N;) 31)
V/(NF) V’(NR)
U'(CK U'(CK
#zetx (J), (32)
U'(ChH U'(Ch
where
(o-Dy
PR T+oy
8t pK ) (33)

PK=(AK)7!; PR = (AR)7,

20Supplementary Appendix 3 proves this proposition.
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for households h € {R,K} and all sectors i = 1,..,1, where Af and Af are defined in Lemma 2,
and {éh

it
inefficient, except when o

5?, Nth} denotes the first-best allocation. The flexible-price equilibrium is generically
=14

Equation (30) in Proposition 3 is identical to equation (27) in Lemma 2, indicating that, condi-
tional on aggregate consumption éf’ and labor supply N, household h’s sectoral consumption
allocation C lh : remains efficient. In contrast, conditions (31) and (32) introduce a distortionary
wedge €/ relative to conditions (28) and (29).

This time-varying wedge ¢, defined in equation (33) as a function of the ratio of price indexes
Pf / PR, The inefficiency arises from sectoral productivity shocks causing fluctuations in sectoral
prices {P,-,,f}f= » which generate variation in household-specific cost-of-living indexes Plf’ due to
differences in consumption baskets between Keynesian and Ricardian households. As a result,
real wages W;/ Pf vary across households. Given incomplete markets, these households cannot
fully insure against such idiosyncratic risk. The resulting divergence in real wages distorts both
labor supply and consumption decisions, leading to misallocation and cyclical inequality.

It is important to note that, as implied by equations (31) and (32), the direction of the ineffi-
ciency depends on which sectors are affected by the productivity shock. For instance, equation
(33) shows that Keynesian households consume too little and supply too much labor if—and
only if—the productivity of the goods they consume is relatively low compared to the Ricardians’.

Importantly, unlike the exogenous wedges often assumed in the literature, €, is endogenous
to monetary policy. This endogeneity introduces a novel redistribution motive: to mitigate fluc-
tuations in inequality and inefficiency, monetary policy should seek to reduce disparities in the

cost of living across household types.

6.2 Implementing Efficient Allocations: the Triple Divine Coincidence

The flexible-price equilibrium in our baseline model is inefficient, raising a natural question:
Can a sticky-price equilibrium implement the efficient allocation? To address this, we first define
the sticky-price equilibrium and then characterize the conditions under which it can support
the efficient allocation.

Definition 2 (Sticky-price Equilibrium). Let monetary policy shocks v; = 0 for all t. A

it

sticky-price equilibrium consists of allocations {Cf,C.h Ci,t(j)h,Nf’,N,-,t(j),Bt} and prices

{{Pi,t}le , Pth, P}, Wy, ry, it,n?, Ttt} that satisfy conditions 1-5 in equilibrium definition 1.

With the sticky-price equilibrium defined, we now characterize the conditions under which

it can implement the efficient allocation. A classical result in RANK is the "divine coincidence":

21Consistent with the business cycle literature, we assume that o < 1 in the subsequent analysis.
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stabilizing the aggregate output gap simultaneously stabilizes prices and, therefore, achieves the
social optimum (Gali (2015), Woodford (2003)). We revisit this result in our multi-sector TANK
framework, which allows for household heterogeneity (two household types), imperfect insur-
ance, heterogeneous price stickiness across sectors, and heterogeneous consumption baskets
across households. Within this flexible framework, we identify the conditions under which the
sticky-price equilibrium can implement the efficient allocation. Or put differently, we explore
the conditions under which the divine coincidence result holds, specifically, when stabilizing
the aggregate output gap leads to efficient allocations. The following proposition provides the
answer and serves as a benchmark for our subsequent discussion on optimal monetary policies.
Additionally, it provides an irrelevance result to a question central to the recent policy debate:

when should inequality matter for conducting monetary policy?

Proposition 4 (Triple Divine Coincidence). The first-best allocation can be implemented by the
sticky-price equilibrium if and only if the following conditions are both satisfied:

1. Prices are sticky within at most one sector, and are perfectly flexible in all other sectors.

2. Households have the same consumption baskets: wf = wf foralli=1,2,...,1.

Proposition 4 suggests that breaking the irrelevance result, or in other words, making inequal-
ity relevant for monetary policy, can be achieved through two avenues. The first one involves
assuming sticky prices in more than one sector. This is known as a result of the "lack of in-
strument" argument: with only one instrument at their disposal, monetary policymakers face
limitations in implementing efficient allocation in a multi-sector economy. Alternatively, the
second approach involves assuming heterogeneity in consumption baskets across households.

In the subsequent section, we will delve into the consequences of introducing heterogeneous
consumption baskets—a novel assumption in the existing literature. It's noteworthy that, when
the "triple divine coincidence" result holds, the optimal policy aligns with replicating the flexible-
price equilibrium, which is inherently efficient. However, the introduction of heterogeneous
consumption baskets gives rise to a time-varying inefficient wedge between the flexible-price
equilibrium and the efficient one. The flexible-price equilibrium, while traditionally consid-
ered efficient, now exhibits social inefficiency, and this inefficiency itself is time-varying. This

dynamics introduces a fundamental shift in the nature of optimal monetary policy.

6.2.1 Robustness to Alternative Assumptions

Our baseline model builds on several simplifying assumptions, including homogeneous labor
that is perfectly substitutable across household types, and a uniform wage response across sec-

tors. In this subsection, we relax these assumptions and show that our main result is robust under
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a range of alternative assumptions. Detailed proofs are provided in Supplementary Appendix
E.4.

Welfare weights. Our results remain robust under the alternative assumption that the social
planner assigns welfare weights to different households, rather than weighting them by popula-
tion shares. Under this assumption, the social welfare function is given by AU (Cf ) — V(Nf )]+
1a- I) [u (Cf ) — V(NtK )], where A # A, the social welfare weight A differs from the population
weight A. In Appendix E.4.1, we characterize the first-best allocation under this modified wel-
fare function and show that the flexible-price equilibrium remains inefficient. Consequently,

Proposition 4 continues to hold.

Local labor market with specialized labor. Proposition 4 continues to hold under the assump-
tion of specialized labor. Specifically, we assume that each firm produces output using sector-
specialized labor supplied by both Keynesian and Ricardian households. The sectoral produc-
tion function given by
Vi) = 4 (NEG) " (NE )

where the input share of Keynesian labor, €;, varies by sector, and the remainder is supplied
by the Ricardians. We allow ¢; to be sector-specific and show in Supplementary Appendix E.4
that Proposition 4 remains valid under this specialized labor assumption (with an additional
condition that e; = 1/2 for all 7).

Heterogeneous stickiness of nominal wages. Our baseline analysis focuses solely on the het-
erogeneous stickiness of prices. However, given the heterogeneous nominal wage stickiness
documented in the literature (Fehr and Goette, 2005; Barattieri et al., 2014), the underlying mech-
anism can be naturally extended to models featuring heterogeneous nominal wage stickiness
alongside flexible prices. For example, consider a Calvo-type sticky-wage model as in Erceg et al.
(2000), where households supply differentiated labor across sectors. In such a setting, the "lack
of instrument" argument implies that achieving efficient allocation requires nominal wages to
be sticky in at most one sector. Additionally, the uninsurable cyclical real wages induced by
different exposures to sectoral shocks generate idiosyncratic risks, which in turn give rise to a

time-varying inefficient wedge under a flexible-wage equilibrium.

6.3 Optimal Monetary Policy: the Ramsey Problem

In the remainder of this section, we formulate and solve the Ramsey problem to characterize the
optimal monetary policy. To keep the analysis tractable, we employ a linear-quadratic approxi-

mation to the social welfare function and the equilibrium conditions. This approach delivers a
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closed-form solution that enables a sharp, transparent characterization of the optimal monetary

policy.

6.3.1 Social Welfare Function

To set up the Ramsey’s problem, we first define the social welfare function and derive the sec-
toral Phillips Curve. The social welfare is a function of the aggregate output gap y;, the vector
of sectoral inflation rates s; = (4,72, ...,71,1), and the vector of last-period sectoral prices
pPi-1=(p1,t-1,P2,t-1,.-» P1,t-1), as presented in Proposition 5. For clarity, all vectors are denoted
in boldface, and Supplementary Table E.1 provides a detailed summary of the notations used in

the Ramsey problem.

Proposition 5. The approximated social welfare function at period t is given by

1 1y ~ i 2

W, = _E [ (Y+ o 1) y? + ﬂZ’erzthm”t + 6?7’[“”0856; + W (Cf— Cf) ]’ (34)
N——— —_— —_—— ————

output gap within-sector dispersion  cross-sector dispersion Inequality

where

8= (1-®)(T: ~ PEA1+1) + BxYeyFi + Bx(l=Yer) @i —wp) 0T+ pr1), (35)

RANK term TANK-}’IT term
K R ~ T T
Cy —Cr = YeyYr — Ven (wK_wR) (”t"‘pt—l)» (36)
N , R - g
TANK term TANK-HT term

and ® is the sectoral price-stickiness (diagonal) matrix, H"*"™" and H*"° are the within-sector

and across-sector aggregators to capture the within and cross-sector dispersion. The y ., and y ¢,

are coefficients for consumption inequality and v . is the coefficient for welfare. The i 'th element
AwX

~ _ ~K ~K ~K\T ; ~K _ i
of the vector wg = (0 )y 5y D) lsdeﬁnedasa)l. = AoFr1-nak

Proof of Proposition 5 is provided in Supplementary Appendix E.5. The social welfare func-
tion (34) comprises two main components: the stabilization component and the inequality com-
ponent.?? The stabilization component consists of three terms. The first term, (y+ 0_1) 7%, is pro-
portional to the volatility of the output gap. The second term, JttT’HWithinzt ¢» quantifies the wel-
fare loss from price dispersion within sectors, capturing the misallocation arising from nonzero
inflation, as emphasized in standard New Keynesian models. The third term, & tTHacrOSSJ ¢, arises
from the misallocation of output across sectors, where {6; ; = y; ; — a; ;} measure the deviation

of sectoral outputs from their efficient levels.

22 scalar version of the social welfare function is provided in Appendix E.5.

34



To build intuition, we re-express §; ; in matrix form, as shown in (35), and decompose it
into two terms. The first term is conventional in RANK models and captures average sectoral
markups. Together with the output gap term, (y + o~!) 37, and within-sector dispersion term,
g IHWithing it constitutes the conventional welfare components found in a RANK framework
(see Rubbo (2023)). The second term captures the misallocation of output across sectors arising

from heterogeneous consumption baskets.

K _
t
)7% and the difference in price indexes, (wIT< — w}Te) pt.23 The inequality term can be decomposed

Finally, as shown in (36), the cyclical inequality term ¢ cf is a function of the output gap
into a component common to TANK models and a component unique to our framework. In
standard TANK models, cyclical inequality arises primarily from its comovement with the aggre-
gate output gap. In contrast, our model identifies an additional channel: inequality in the cost
of living driven by differences in households’ exposure to sectoral price changes that stem from
heterogeneous consumption baskets.

A critical implication of heterogeneous consumption baskets is the emergence of interaction
(covariance) terms between the output gap, y;, and sectoral inflation rates, sr;. These terms are
absent from the social welfare function in both RANK and standard TANK models. However,
once the heterogeneous consumption baskets are introduced, they appear in the social welfare
function (34), showing up in both the cross-sector dispersion term (35) and the inequality term
(36) . Their presence in the inequality component follows directly from our earlier result that
cyclical inequality depends on the output gap and sectoral inflation (equation (36)). For the
cross-sector dispersion term, the covariance arises from the structure of demand. Specifically,
aggregate sectoral demand, y; ; = (T)f yl{(t + ('Df yft depends on household-specific demand, ylh, =
—(pir— p?) + y?. Consequently, cross-sector misallocation, (y; :— yj,¢) — (@i, — a;j ), is a function
not only of relative sectoral inflation but also of consumption inequality and differences in

households’ cost of living.

6.3.2 Ramsey Problem with Commitment

To solve for the optimal monetary policy under commitment, we adopt the tractable Ramsey
framework using the primal approach. In this formulation, the social planner directly chooses
allocations ({y,7}) to maximize social welfare, subject to a set of implementability constraints.
We begin by presenting these constraints and then proceed to characterize the Ramsey allocation

under commitment.

Lemma 3 (Implementability Conditions). The set of implementability conditions includes the

ZSince labor supply inequality is proportional to consumption inequality in our model—specifically, ntX — nf =

-o7! (C{( - cf] /y—it is embedded within the consumption inequality term.
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sectoral Phillips curves,
a:=Kyi—T(ar+per-1) + U - TEmwss1, (37)
as well as the law of motion for sectoral prices
Pr=7;+Pr-1, (38)

where coefficient vector K and matrix J are given by

P o1

K=(o +}/)—1_qu)1, (39)

j:@_—l Kol (1-o). (40)
(071 +7)

Expression (39) shows that the slope of the sectoral Phillips curve is inversely related to the
degree of price stickiness in that sector. The detailed derivation of the sectoral Phillips curves
(37) is provided in Appendix C.2. The implementability conditions in Lemma 3 do not include
the nominal interest rate i;—the monetary instrument—which can be recovered from the Euler

equation once the optimal paths of the output gap and sectoral inflation rates are determined.

Definition 3 (Ramsey Problem with Commitment). A Ramsey planner chooses the path of ag-
gregate output gap and sectoral inflation rates ({y;, 7 ;}) to maximize the social welfare function:

o0
W, = max "w,,
0 {yt»”t} l;() ﬂ !
subject to the implementability conditions (37) and (38), taken as given the initial prices p—,. The

flow social welfare function W; is given by (34).

In this Ramsey problem, the choice variables for the social planner are the output gap y;
and sectoral inflation rates ;. The predetermined (or state) variable is the vector of last period
prices p;—1, whose law of motion is given by (38).

With Ramsey’s problem set up, we next lay out the optimality conditions that characterize
the optimal monetary policy.

6.3.3 Optimal Monetary Policy: Optimality Conditions

The linear-quadratic Ramsey problem defined in Definition 3 satisfies conditions for certainty

equivalence and can be solved by minimizing the Lagrangian.?* Proposition 6 characterizes the

24The Lagrangian is defined in equation (E.43) in the Appendix.
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conditions required to implement the optimal policy.

Proposition 6 (Optimality Conditions). The necessary first-order conditions that characterize
the optimal monetary policy are given by the Phillips Curves (37), the price dynamics (38), and

the following equation:
(y+0 ™) Jr+ By, +Bsb,+ Belck —cBy =T U-"&1+K"9,+B_1 56,1, (4D

where the coefficients {By, Bs, B¢} are defined by equations (E.48) in Appendix E.6, as well as the
conditions involving the dynamics of Lagrangian multipliers on Phillips curves ({&;}) and on price
dynamics ({9;}), defined in equation (E.44) and (E.46) in the Appendix E.6. The initial condition
for p_, is given, and the initial conditions for the multipliers on sectoral Phillips curves satisfy

§-1=0.

6.3.4 Understanding Optimal Monetary Policy

The optimality conditions in Proposition 6 involve a high-dimensional dynamic system. To
illustrate the policy trade-offs in a transparent way, we examine a simple case by assuming that
the discount factor f = 0 and the economy remains in steady state at period ¢ — 1. This implies
that p;—1 =0,6,-1 =0and &;_; = 0. It then follows immediately from equation (E.46) that 9; = 0.
Substituting these conditions into equation (41) yields the following expression, highlighting

the policy trade-offs:
(y+0™)J+ Bpmw,+Bsb,+ Bc(ck —cf)=0 (42)

Additionally, with § = 0, the output gap can be expressed as,??
y+o V=0 Q-0)0  a,. (43)

Substituting equation (35), (36), and (43) into (42), we can express the optimal policy as an
inflation-targeting rule. The sectoral weight of the optimal inflation index is denoted as ¢! =
(p1,92,...,1), which satisfies

pla,=0 (44)

The following proposition characterizes the optimal inflation index by decomposing it into

three distinct terms.

*>Appendix E.5.2 provides detailed derivation of the divine coincidence Phillips curve 7P¢ = pE DS +
1-¢;
oty o~ i DCoyI YT
i e with =30, T 1g; Tit-
Lis1®i g, Zj:l‘”jTj

37



Proposition 7 (Optimal Inflation-stabilization Policy). Assuming that the discount factor f =
0 and p;-, = 0, the optimal monetary policy in period t can be implemented by an inflation-
stabilization policy of the form

TANK TANK-HT
’

(pTJ'l'tZO, with (p:(pRANK+(p +@

where the optimal policy weight for sector i is given by

— (pRANK TANK TANK-HT
l' .

@i +; +@;

RAN. TANK

The detailed expressions for ¢;, ¢; K pNK and (p TANK-HT

; are provided in Appendix E.7.

The term @RNK captures the classic policy trade-offs in a multi-sector RANK framework—
balancing output gap stabilization, within-sector price dispersion, and cross-sector misalloca-
tion. Previous studies have shown that the optimal policy involves stabilizing the price index
of sectors with stickier prices (e.g. Aoki (2001),Benigno (2004),Rubbo (2023)).2° The following

corollary revisits their insights.

Corollary 2. Denote p™NK as the optimal policy weight in the counterpart multi-sector RANK
model. We have p*ANK = pfANK. and
~ ~RANK
o7
w; w j

if prices are more sticky in sector i (p; < ;).

The component ¢ ™NK

captures the additional effects on sectoral weight by introducing het-
erogeneous agents. Corollary 3 clarifies how the introduction of heterogeneous agents strength-
ens the central bank’s incentive to stabilize sectors with stickier prices. Compared to the optimal
inflation index in the multi-sector RANK framework, the policy in the TANK setting reflects ad-
ditional benefits from reducing inequality—since in TANK models, inequality is directly linked
to the output gap. This added motive reinforces the weight placed on stabilizing sticky-price

sectors in the optimal inflation index.

Corollary 3. Denote X as the optimal policy weight in the counterpart multi-sector TANK

model. We have @ ™NK = @RANK | o TANK  and
~TANK ~RANK
Pi Y
>
w; a)j

26This index is often referred to as the “core" CPI. The consumer price index (CPI) uses sectoral consumption
shares w? = (w1, wy, ..., w;) as weights for prices.
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if prices are more sticky in sector i (p; < ;).

The component ¢ /ANK-HT

captures how heterogeneous consumption baskets shape the op-
timal inflation index by introducing new terms in two policy motives: reducing cross-sector
misallocation and mitigating inequality. The misallocation motive arises because differing con-
sumption weights across household types can distort resource allocation across sectors. The
inequality motive addresses disparities in the cost of living across different households.

The net effect of @ /ANK-HT

is theoretically ambiguous, as it depends on the relative strength
of these underlying channels. Corollary 5 in Appendix E.7 provides a detailed characterization
of the forces that determine its sign and magnitude. In Section 6.3.6, we present a numerical
example-revisiting the framework of Benigno (2004)—in which stabilizing flexible-price sectors

becomes more desirable.

6.3.5 Discussion: Alternative Model Assumptions

We examine the robustness of our results under alternative model specifications, focusing on
steady-state inequality, arbitrary welfare weights, and the role of MPC heterogeneity. Detailed
discussions are provided in Appendix E.8.

Steady-state inequality. In our baseline model, the assumption of a revenue subsidy ensures
that firms earn zero profits in the steady state, resulting in no steady-state inequality in consump-
tion or labor across households. Introducing steady-state inequality would render the steady
state inefficient. As extensively discussed in the New Keynesian literature (e.g., Woodford (2003)),
small steady-state distortions can induce inflationary biases and generate time inconsistency;,
as the central bank may be tempted to exploit the time-0 initial condition to engineer an early
expansion.?’ To abstract from these redistribution motives arising outside the steady state, we
adopt the timeless perspective. Under this approach, the optimal policy under commitment
derived in our baseline model remains valid even in the presence of steady-state inequality

between Ricardian and Keynesian households.

Welfare weights. How does optimal monetary policy change when the central bank assigns
welfare weights that differ from population weights? In Appendix E.8.1, we show that with arbi-

trary welfare weights (1, 1- /T), the welfare function takes the form:

2
__ 1 -~ _
W, = ‘5[(7+a—1)y§ + g lpithingg o §T90200558, 4y, | (cK = cF) - ((1+01)(]L—/1)/wwc)1/2] |

new target

(45)

27See Woodford (2003), Chapter 6, for a detailed discussion of steady states with small distortions.
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This welfare function implies that the central bank now optimally targets a non-zero level of in-
equality, equal to [(1+0 ™) (A - ) /] 2 This objective introduces an inflation bias, implying
that the optimal monetary policy under time-0 commitment may differ from our baseline results.

However, the optimal commitment policy under the timeless perspective remains unchanged.

MPC heterogeneity. It is important to note that our findings on the monetary transmission
mechanism in Sections 4 and 5 rely on the presence of heterogeneity in marginal propensities
to consume (MPC). However, the qualitative insights regarding optimal monetary policy extend
to more general settings. To illustrate, consider an otherwise identical economy with two types
of Ricardian households. Markets remain incomplete, and the two Ricardian types cannot trade
financial assets with each other. As in our baseline model, heterogeneity in consumption baskets
leads to differential volatility in real wages across households in response to sectoral shocks. We
can show that Propositions 3 and 4 continue to hold in this extended setting, as the key intu-
itions and proof strategies remain unchanged. Importantly, the welfare function and the sectoral
Phillips curves underlying the optimal policy do not explicitly depend on MPC heterogeneity.
As a result, although the volatility of endogenous variables may differ relative to the baseline

model, the structure of the optimal monetary policy remains the same.

6.3.6 Revisiting Benigno (2004) in TANK-HT

We conclude this section by revisiting the classical result regarding optimal monetary policy in
Benigno (2004) and provide a numerical example to illustrate the optimal monetary policy in our
model. In a two-sector representative-agent model with sticky prices in both sectors, Benigno
(2004) shows that monetary policy cannot achieve the socially efficient outcome due to a lack of
instruments. While output gap stabilization is no longer optimal, it remains close to optimal.?®
Additionally, he studies the optimal inflation index among the set of inflation-targeting policies
and concludes that the central bank should assign a larger weight to the sector with more sticky
prices.

In the following example, we revisit this result and demonstrate that stabilizing the aggregate
output gap can lead to substantial welfare loss relative to the optimal policy. Consequently, the
optimal inflation index should assign a larger weight to the flexible-price sector than in Benigno
(2004).

Households allocate consumption between two sectors, denoted as sector 1 and sector 2,
with different frequencies of price changes represented by 1—a; and 1—-a, respectively. The con-

sumption weights on sector 1 and sector 2 are denoted by w{( and a)§ for Keynesian households,

Z8Chapter 4.3 in Woodford (2003) provides a more detailed and comprehensive discussion. The welfare loss from
output gap stabilization policy relative to optimal monetary policy is minimal.
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and wf and w§ for Ricardian households.

In the subsequent discussion of this section, we explore three sets of policies: 1) the optimal
monetary policy, 2) the policy to completely stabilize the aggregate output gap, and 3) inflation-
targeting policies. Among the inflation targeting policies, the central bank chooses an inflation
index, denoted as ﬂ? = ¢171,; + P27 ; and satisfying the constraint {¢y,¢2 1 P + Py = 1}, to

maximize the social welfare subject to the following zero-inflation constraint:
P1701,¢ + Pama, = 0.

numerical example. We set a; = 0.75, a2 = 0.85, 1 = 0.5, and use Aw = 0¥ —0f = 0l -0l to

measure the degree of heterogeneity in households’ consumption baskets.

We examine the output-gap stabilization policy along with three sets of inflation targeting
policies: stabilizing the Consumer Price Index (CPI), stabilizing the Sticky Price Index (SPI), and
stabilizing the Optimal Inflation Index (OII). We intentionally choose a symmetric structure
to keep the CPI and SPI unchanged as Aw varies. For each Aw € [0, 1], the weight of the CPI is
given by {0.5,0.5}, and the SPI is obtained by calculating the optimal inflation index, assuming
households have the same consumption baskets with weights given by {Aw¥ + (1 - o¥, AwX +
(1 - V)wk}.2% The Oll is defined as the optimal inflation index with heterogeneous consumption
baskets under TANK-HT.

Panel (a) in Figure 6 plots the welfare loss (relative to that of the optimal monetary policy)
under different policies. As the difference in expenditure share Aw increases, the welfare loss
of stabilizing the output gap becomes more substantial. This contrasts with RANK and TANK,
where output gap stabilization is nearly optimal. Stabilizing the SPI results in a similar magni-
tude of welfare loss. However, stabilizing OIl implements the optimal monetary policy almost
perfectly. Interestingly, when Aw is sufficiently large, stabilizing CPI becomes more desirable
than stabilizing the output gap and SPI. For example, when Aw = 1, or the Keynesians only con-
sume goods produced in sector 1, output-gap stabilization leads to welfare loss that is an order
of magnitude larger than stabilizing CPI.

Panel (b) in figure 6 illustrates how the weight on the more-flexible-price sector 1, denoted as
¢y, varies with the difference in expenditure share, Aw, when the central bank aims to stabilize
one of the three inflation indexes. In line with Benigno (2004), the SPI allocates more weight to
the sticky-price sector compared to the CPI (c[)fp I'< cplcp Iy, When Aw equals zero (a)f =K =

w¥ = wf =0.5), the Ol and SPI are essentially identical in terms of inflation weights and welfare

21t is essentially the optimal price index in TANK with homogeneous consumption baskets, as in Benigno (2004).
We refer to it as the sticky price index.
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Figure 6: Monetary Policies in TANK-HT
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Note: This figure plots the variations in welfare loss (relative to optimal policy) and the weight on the

flexible-price sector 1 with the difference in expenditure shares, Aw = w{( - w§ , under the output-gap

stabilization policy and three different inflation-targeting policies — stabilizing the CPI, stabilizing the
optimal inflation index in Benigno (2004) under TANK (SPI), and stabilizing the optimal inflation index
under TANK-HT (OII). We set y = 0.5 and o = 3 to generate reasonable degree of strategic complemen-
tarity and slope of Phillips curves, as suggested by the empirical evidence.

losses. However, as Keynsians spend more on goods from the more-flexible-price sector (Aw > 0,
with X > 0K and w® < wk), P97 becomes greater than ¢;¥! due to a stronger redistributive
motive. To reduce inequality, the central bank should assign more weight to the flexible-price
sector, disproportionately consumed by the Keynesians, to stabilize its inflation.

Furthermore, 1OI I'increases with Aw. This is because, as the degree of heterogeneity in
consumption baskets increases, the difference in price flexibility faced by different households
becomes larger. Consequently, the inequality in consumption and labor supply, driven by het-
erogeneous price indexes, also increases. Therefore, the central bank places greater weight on
stabilizing inflation in the flexible-price sector to mitigate inequality.

In Appendix E.9, we demonstrate that our results are not driven by the assumption of het-
erogeneous agents, but by the assumption of heterogeneous consumption baskets of K and R

agents.

7 Conclusion

This paper documents the existence of cyclical inequality in the cost of living, as well as a neg-
ative relationship between households’ marginal propensity to consume (MPC) and the price
stickiness of goods they consume. We argue that this negative relationship is essential for under-
standing the monetary transmission mechanism and optimal monetary policy in HANK.

Our framework intentionally abstracts from (the cyclicality of) idiosyncratic risks faced by
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households when studying the monetary transmission mechanism. This deliberate simplifica-
tion is motivated by our focus on the redistribution channel, and the Two-Agent framework is
chosen for its parsimony and tractability in examining this specific channel. It’s worth noting
that our results can potentially be extended to models with idiosyncratic risks (e.g., Werning
(2015) and Acharya and Dogra (2020)), as these models often rely on the cyclicality of real spend-
ing. However, we leave the exploration of this extension to future research.

Our analysis underscores the importance of accounting for cyclical inequality in the cost
of living when central banks conduct monetary policy. First, ignoring this statistic may lead to
overestimating the effectiveness of monetary policy. Second, this statistic can also serve as a

measure for assessing the degree of inefficiency inherent in the flexible-price equilibrium.
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Supplementary Appendix
Cyclical Inequality in the Cost of Living and

Implications for Monetary Policy

Ting Lan LerongLi Minghao Li

A Data Appendix

A.1 Constructing Group-Specific CPIs

A.1.1 Consumer Expenditure Survey

The Consumer Expenditure Survey (CEX), conducted by the U.S. Census Bureau, is the major
source of constructing the weights for the U.S. Consumer Price Index, due to its extensive infor-
mation on households’ expenditures.

The CEX contains two modules, the Diary and the Interview. The Diary is designed to mea-
sure households’ non-durable consumption and services, such as groceries and other frequent
purchases. So it is surveyed weekly and therefore contains weekly expenditures. The Interview is
designed to measure households’ durable consumptions, such as vehicles and other large infre-
quent purchases. It records expenditures over the previous three months. The Diary and Interview
modules together collect households’ expenditures on approximately 600 Universal Classification
Code (UCC) categories, 250 UCCs in the Diary module and 350 UCCs in the Interview module.

The Diary and Interview modules survey different households, so it is impossible to observe
the full consumption baskets of an individual household. We instead split households into differ-
ent groups and compute the group-specific expenditure shares across consumption categories,

as we do next.

A.1.2 Constructing group-specific expenditure weights

The CEX also contains information on households’ tenure status. To construct CPIs for households
with different housing tenure status (or MPCs), we first combine the information on housing
tenure with the Diary and Interview Survey to obtain the group-specific expenditure weights.



However, the item-level prices to construct the CPI are provided by the BLS using a different
classification system, with 8 major groups, 70 expenditure classes, 211 item strata (item level), and
303 entry-level items (ELI). Hence, before constructing the expenditure weights across consump-
tion categories, we follow Cravino et al. (2020) to build a concordance between UCC categories,
item strata, and ELIs. The concordance between UCCs and item strata is used to compute the
group-specific CPIs. The concordance between UCCs and ELIs is used to compute the group-
specific average frequency of price adjustment.

Armed with the concordance, we are able to compute the group-specific expenditure weights.
To do so, we follow closely the procedure in the BLS document "CPI requirements for CE". In
particular, we first make adjustments on housing, medical care and transportation, to meet BLS’s
requirements for constructing CPI expenditure weights. We then follow the BLS manual to calcu-
late the annualized average expenditure for each UCC category for high- and low-MPC households
respectively, denoted by X lh » where i is UCC category and h is the household type.

We then aggregate the expenditures to the item strata and ELI level using the cor;cordance

Xp

above, denoted by X h . The corresponding expenditure weights are given by w” S X
it

A.1.3 Constructing group-specific CPIs

The BLS releases item-level consumer price data every month. Among their releases. We use the
seasonally adjusted data for all urban consumers. We follow the formula from the BLS manual

"Chapter 17. The Consumer Price Index" to construct the group-specific CPIs:

P .
h h ot
PIX;'=PIX, Z(a)] »* %, t)
where PI X:l is the CPI for household type h in month ¢, v is the pivot year and month (usually
December), a is the expenditure weight reference period determined by the BLS, P; ; is the price
of item j at month ¢ and w? ¢
expenditure weight reference period ¢.

is the expenditure weight of household type # for item j during the

B Additional Empirical Results

B.1 Estimating Marginal Propensities to Consume (MPC)

We estimate marginal propensities to consume (MPCs) for households with different housing
tenure statuses by leveraging the panel structure of the PSID and the detailed consumption in-
formation from the CEX. Our estimation strategy follows the approach originally developed by

Gruber (1994) and extended by Patterson (2023), which identifies MPCs by examining consump-
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tion responses to income shocks, particularly unemployment. Specifically, the MPC is estimated
by measuring the decline in consumption following a job loss. The estimation equation is speci-

fied as follows:

ACi = Z(ﬂxAEi,t X Xi,t-1+ QxXi,t-1) + Vstate,t +€it (B.1)
X

where C; ; denotes the total household consumption of individual i at time ¢, imputed from
the CEX.3° E; ; represents the labor income of household i3 Ystare,r denotes state-by-year fixed
effects, and x; ;—; indicates the housing-tenure status of the household in the previous period.
Time ¢ is measured in two-year intervals, reflecting the biennial survey structure of the PSID
beginning in 1997.

The MPC of households with housing tenure status x; ; is then estimated as the coefficient on

the interaction between income shocks and housing tenure in the following specification:

MPC;; =) fxxiy (B.2)
P

Given that many factors can simultaneously affect both income and consumption, we instru-
ment changes in household income AlogE; ; with an exogenous income shock p; ;—; to identify
the causal effect of income on consumption. Specifically, we follow the literature in using un-
employment as the primary income shock. To ensure data quality and reduce the influence of
outliers, we exclude PSID observations where food consumption or income changes by more than

400 percent over any two-year period.

B.2 Price Stickiness by Demographics Conditional on Housing Tenure Status

We further split the sample by demographic characteristics, conditional on housing tenure. Fig-
ure B.1 reports the average frequency of price changes by age, education level, and income. Con-
ditional on housing tenure, households of different income levels display little variation in price
stickiness, whereas some heterogeneity remains across age and education groups. Since the key
moment for our analysis is the correlation between MPCs and price stickiness—regardless of
which demographic characteristic best proxies for MPCs—we focus on housing tenure as a partic-
ularly suitable proxy, following Cloyne et al. (2020) and supported by our estimates in Section 2.2.

30The PSID records food expenditure but lacks comprehensive measures of total consumption. We therefore im-
pute total expenditure by combining the PSID with the CEX, using overlapping information on food spending and
household demographics, following Blundell et al. (2008) and Guvenen and Smith (2014).

3lwe use the term household for convenience, and the MPC estimation is carried out at the individual level.
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Figure B.1: Price Stickiness by Demographics Conditional on Housing Tenure Status
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Note:Panels (a), (b), and (c) plot the average frequency of price changes by household age, education, and income,
respectively, conditional on housing tenure status. The average frequency of price changes for each household
is calculated at the annual level. The gray bars indicate the minimum and maximum of these annual averages,
while the blue dots represent the mean across years. The underlying sample of households may vary slightly
across panels, as some households might not report all of these demographic characteristics.

B.3 Robustness Checks on Impulse Responses of Prices to Monetary Policy
Shocks

We conduct two robustness checks on the impulse responses of prices to monetary policy shocks:
(1) we examine alternative lag specifications in the local projection framework; and (2) we re-
estimate the impulse responses using the Romer and Romer (2004) measure of monetary policy
shock series, extended by Coibion et al. (2017), as well as the high-frequency monetary surprises
identified by Bauer and Swanson (2023).

Figure B.2 presents the impulse responses of low-MPC household inflation and inflation dif-
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ferentials between high- and low-MPC households using Bu et al. (2021) measure of monetary
policy shocks estimated under alternative lag specifications. Panels (a) and (b) include 36 lags of
the shock variable (I = 36) and 12 lags of monthly household-specific inflation (J = 12). Panels
(c) and (d) extend the specification to (I = 48) and (J = 24). The estimated impulse responses
remain robust across these alternative lag structures. Following an expansionary monetary policy
shock, the price index for low-MPC households rises, and the price index for high-MPC house-
holds exhibits an even stronger response. The inflation differential peaks around 24 months after
the shocks and gradually faded thereafter.

Figure B.3 presents the impulse responses of prices to the monetary policy shocks constructed
by Romer and Romer (2004), estimated using the baseline specification in Equation 4 over the

sample period 1969m1 to 2007m12.%?

The estimated price responses, as well as the differences in
responses across household types, are smaller using the Romer and Romer (2004) shock measure.
The change in (log) CPI for low-MPC households increases by approximately 2 percentage points
36 months after a 100-basis-point expansionary monetary shock. The corresponding difference
between high- and low-MPC households reaches about 0.2 percentage points after 36 months,
indicating that prices faced by high-MPC households respond about 10% more than those faced
by low-MPC households.

Alternatively, Figure B.4 reports the impulse responses of prices to the high-frequency mone-
tary policy shocks identified by Jarocinski and Karadi (2020), estimated using the same specifica-
tion over the sample period 1990m2-2023m12. The estimated price responses and the differences
across household types display similar patterns to those obtained using the Romer and Romer
(2004) shock series, although they are estimated with somewhat lower precision. Following a 100-
basis-point expansionary shock, the change in (log) CPI for low-MPC households increases by
about 1 percentage point after 36 months. The difference in change in (log) CPI between high- and
low-MPC households reaches roughly 0.5 percentage points, indicating that prices faced by high-
MPC households rise about 50 percent more than those faced by low-MPC households. Overall,
these results remain robust when alternative measures of monetary policy shocks are used, sug-
gesting that expansionary monetary policy consistently leads to higher prices for all households,

with more pronounced effects among those with higher MPCs.

B.4 Volatility of Group-specific Inflation Rates

The left panel in Figure B.5 plots the annual inflation of group-specific CPIs. As illustrated in the
figure, the annual inflation is more volatile for households with high MPCs. We next compute

32Given that U.S. monetary policy was constrained by the zero lower bound from 2008 to 2015, our sample ends in
2007m12 when using the narrative monetary policy shock series from Romer and Romer (2004).
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Figure B.2: Inflation Responses to Monetary Policy Shocks: Alternative Lag Structures
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Note: The panel charts display the impulse response functions (IRFs) to a 100-basis-point negative interest rate
shock under alternative lag specifications, with the dark and light gray shaded regions indicating the 1- and 1.65-
standard-deviation confidence intervals, respectively. Panels (a) and (b) include 36 lags of the shock variable
(I = 36) and 12 lags of monthly household-specific inflation (J = 12). Panels (c) and (d) extend the specification
to (I =48) and (J = 24). The left panels plot the IRFs of changes in the log CPI (inflation) for low-MPC households,
while the right panels show the difference in inflation responses between high- and low-MPC households.

the annual standard deviation of monthly inflation. The right panel in Figure B.5 plots this stan-
dard deviation of monthly inflation. The volatility of high-MPC households is greater than that
of low-MPC households in every year. On average, the standard deviation of annualized monthly
inflation is 0.464% for high-MPC households, 9% greater than that of low-MPC households, whose
is 0.426%.
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Figure B.3: Inflation Responses to Monetary Policy Shocks: Romer and Romer Measure of Mone-
tary Policy Shocks
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Note: The panel charts display the impulse response functions (IRFs) to a 100-basis-point negative monetary
policy shock, with the dark and light gray shaded regions indicating the 1- and 1.65-standard-deviation confi-
dence intervals, using the monetary policy measure from Romer and Romer (2004). The left panel displays the
IRFs of changes in the log CPI (inflation) for low-MPC households, while the right panel depicts the differential
inflation responses between high- and low-MPC households. The specification includes 36 lags of the shock
variable (I = 36) and 24 lags of monthly household-specific inflation (J = 24).

Figure B.4: Inflation Responses to Monetary Policy Shocks: High-frequency Monetary Policy
Shocks
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Note: The panel charts display the impulse response functions (IRFs) of the log CPI to a 100-basis-point negative
high-frequency monetary policy shock identified by Jarociriski and Karadi (2020), with the dark and light gray
shaded regions indicating the 1- and 1.65-standard-deviation confidence intervals, respectively. The left panel
displays the IRFs of changes in the log CPI (inflation) for low-MPC households, while the right panel depicts the
differential inflation responses between high- and low-MPC households. The specification includes 36 lags of
the shock variable (I = 36) and 24 lags of monthly household-specific inflation (J = 24).



Figure B.5: Group-specific Inflation and Inflation Volatility
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C Appendix for Section 3

C.1 Steady state

We use variables with an upper bar to denote steady-state variables. Under a zero inflation steady

state, there are no price changes, and prices are constant. Firm j in sector i sets price:

Pi(j)= 0 W
=11+
=W
where 7 = 7. The government imposes lump- sum taxes on profits to provide a subsidy. The

equlhbrlum proﬁts are zero. Thus we have W = P = P". Combining first order condition = W

€)' (N")rand households’ budget constraint WN" =P"Cc" yields:

—K —R . . . -

Where C and C are consumption per capita. We also notice that, this is the only steady state
equilibrium where profits are zero, and the amount of subsidies equals the lump-sum taxes on
profits.

C.2 Deriving the Sectoral Phillips Curve

The optimal price set by firms in sector i is given by

p;t =(1-a;f)mci+ ai,B[Etp;'k,t+1



where mc; ; = w; — a;,; denotes the nominal marginal cost for firms in sector i. Subtracting p; ;-1

from both sides and substituting the following expression
wie==-a)(p;,—Pir-1)

into the equation above, we have

. a;

! _l;i =1 -a;p)mei,; + 1_1Zi|£t77:i,t+l +aipric+ (@i f—Dpir-1,
which can be further simplified to

(I-a)1—a;p) aip
. = e — Do)+ E .

Tt - (-apa;f (mcl,t Pi,t 1) 1—(—apap tTi,t+1

Let
b = (I-a)(1-a;p)

1-(1-a)a;p

The Phillips curve in sector i can be written as

it =¢i(mci— pir-1)+ A —¢) PE; 111 (C.1

In vector form,
T =Pme;—pi-1) + U -DP)E; w1 (C.2)

where 7, = (1,4, 72,4, ..., 71¢), ® = diag(¢py, ¢z, ..., ). The marginal cost vector mc); is given
by

mc;=1w;— a;,

where 1 = (1,1,...,1)" is the unit vector. Recall that the real wage is determined by equating the

aggregate labor supply equation and the labor demand equation,
W — prt = (U_l + Y)j;t + wTat!

where w = (w1, ws,...,0;) and w; = /la)lK +(1- /l)a)f, so that prt represents the CPI price index.

Here y;' = y, — y{ represents the output gap and y/ is the natural rate of output,

Y+l ¢

n L0 a;
Y+o~

Vi
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We then obtain the following expression,
I-Plw N, =0[(c ' + P17+ Qw’ = D(pr1 +a)] + B~ D)E, w41 (C.3)

Applying the Woodbury matrix identity

dlw?

I-PloH) ' =T+ ——,
( ) 1-wlol

and multiplying to both sides of equation (C.3), we finally obtain the sectoral Phillips curve

=0 +NKF — T @+ prr) + BU— TE 141

where

@1
’C_l—wTCI)l
J=0-Ko(I-o)

C.3 Log-linearized Equilibrium Conditions

Since steady-state profits are zero, before listing all the log-linearized equations, we use

d; =In(d;/C) to denote firms’ total profits. We now collect all linearized equilibrium conditions.

Euler equation:
cf = [Etcfﬂ —0ory (C.4)
Labor supply:
ynf =w;— pf - 0_105 (C.5)
ynf = w;— pf —0'105 (C.6)
where

P =wips pr=wip;
Labor demand:
n; = /lyf+ (1 —A)yf

Labor market clearing condition:
AnK + (1 -nf=n,

Goods market-clearing condition:

K_ . K. .R_ R
Ce =V Cr =)t
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Keynesian households’ budget constraint:

Sectoral Phillips curves:

=0 KT —T(a,+pi1) +BU - DE 11

where

Law of motion of inflation rates:

Fisher equation:

where

Monetary policy rule:

pK+cK=w,+n

o1

K=—o"—
1-wTdl

T=0-Kol(I-d)

Tr=pPr—Pt-1

rt:it—[E[T[t
nfzwgﬂt

It =¢pm+ vy

C.4 Equilibrium determinacy

Tad;
Ky

A

(C.7)

(C.8)

The following lemma provides sufficient and necessary conditions under which the equilibrium

exists and is locally unique. Without loss of generality, we assume that the sectoral shocks are

independent across sectors and follow AR(1) processes: a; = Aa;_1 + {4 ;.

Lemma 4. (determinacy) Given any set of parameters, to first order, there exists a locally unique

equilibrium if and only if the number of eigenvalues of F~' G outside of the unit circle is equal to

I1+1, where

1
0
F=|o
0
0

1+y

ot AM@p @) 0 0
B - D) 0 I-ylo!

0 I 0

0 0 I

0 0 0

A-11

1-1
1-Axy

0
0
0
1

o

(C.9)



1 11;;ya[<p,,wT—w};] 0 0 0
—(y+o Hd1 I-Plw” lw’ -1 0 0
G= 0 I I 0 0 (C.10)
0 0 0 10
0 0 0 0 1

Proof. The Sectoral Phillips curves, the law of motion of sectoral inflation rates (C.8), the law of
motion of exogenous shocks, along with the aggregate IS curve, pin down the dynamics of the

economy.>®> We can rearrange these equations into the VAR(1) representation:

(Eryin ] [y | 0]
E¢ 71 T 0

F p: =G|pi-1|+]0
a; a1 C?

ve | L] |67

where F is given by (C.9) and G is given by (C.10). As matrix F is upper-triangular and the diag-
onal elements are all non-zero, it is invertible. We thus obtain a first-order system of difference

equations:
.[Etyt+11 [ Yt | [o]
| S8 Ty 0
P: =F'G pi—1|+1]0
a; a1 C?
v | | ve ] 14

In the system of equations, there are a number of I + 1 jump variables {7, y;} and a number of
21+ 1 pre-determined variables py, a;, v;. According to the Blanchard-Kahn condition (Blanchard
and Kahn (1980)), the system has a unique stable solution if and only if the number of eigenvalues
of F~1G outside of the unit circle is equal to I + 1.

0

33Here we use a different version of the Phillips curve. We substitute the expression of the output gap 7, into (C.7)
to obtain a Phillips curve with y;.



D Appendix for Section 4

D.1 Proof of Proposition 1

Replacing (19) into K’s consumption function ¢X = yX and (20) into R’s consumption function
(21), and aggregating these consumption functions across all households, yields the following

lemma.

Lemma 5. The aggregate consumption functions at period t in RANK, TANK, and TANK-HT are:

RANK: cRANK — (1 - B)y, - Bor, + BE;cir1, (D.1)
TANK: ¢/ ANK = [1-BU-Ax )]y — A= NPor, + B - AxE,cre1, (D.2)
TANK-HT: e[ ANKHT = [1- B - Axy) | ye — (1= D Bor+ BA—AxEicra (D.3)

—Prp(l- NE () = T5).

Since in equilibrium the aggregate consumption c; in equation (D.3) is equal to the aggregate
income y;, we obtain the aggregate Euler equation in TANK-HT:
1-1 1-1

cr=FE;Cri1— l—A/XyO-rt_ A/X Xp([Et”Hl [E[ﬂt+1), (D.4)

Iterating equation (D.4) forward, we prove Proposition 1.

D.2 Aggregate MPC Decomposition in Partial Equilibrium

To begin with, consider an economy with heterogeneous agents in partial equilibrium, where
the aggregate real output is exogenously increased by dY, and prices are adjusted infrequently
in response to this shock. The aggregate MPC of this economy can be decomposed into three
distinct terms:

Mpczzd(MPCiEi/Pi) :Z (MPC'idEi) _ dlogP _covlmpc; E; dlogP;
- dy - ‘P dY dlogY "PY dlogy )’
N —_—— N _
Agg. MPC with prices fixed Agg. inflation Covariance

where E; is household i’s nominal expenditure, P; is the household-specific price index. In this
decomposition, the first term is the aggregate MPC if prices are fixed at their pre-shock value.
The second term captures the negative effect of aggregate inflation on aggregate MPC if nominal
expenditure E; remains unchanged. This term equals zero if prices are perfectly sticky. The sum
of the first two terms equals the aggregate MPC in the corresponding TANK model with homoge-
neous consumption baskets. The last term captures the covariance between households’ MPC and
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the inflation response of the household-specific price index. This term arises from heterogeneity
in price stickiness across households with different MPCs.

While it is generally difficult to extend this analytical result to general equilibrium, thanks
to our tractable framework, in the main text, we show that in general equilibrium the effect of
the covariance term on the aggregate consumption is simply summarized by the inflation of the

relative price faced by the Keynesian households, expressed as pX — p%.

D.3 Transmission Mechanism: An Illustrative Example

In this section, we illustrate the core mechanism of the model through a simple example. To
make the channels transparent, we adopt two simplifying assumptions: 1) the number of sectors,
denoted by I, is set equal to 2, and 2) Ricardian and Keynesian households consume entirely
disjoint sets of goods. Without loss of generality, we assume that Keynesian households consume
only the composite good produced in sector 1, while Ricardian households consume only that
produced in sector 2—that is, wf = w§ =0 and a)§ = wf = 1. With slight abuse of notation, we
refer to these composite goods as the "K good" and the "R good," respectively.

The model is essentially a two-sector TANK model with heterogeneous consumption baskets,
which we call T-TANK. We intentionally keep the model simple to isolate the emphasized channel,

and this simplification allows us to obtain sharp analytical results.

D.3.1 Connecting Price Responses to Price Stickiness

Proposition 1 implies that the cyclical inequality in the cost of living pf - pf is informative on the
efficacy of monetary policy. However, pX — p® is observable only after a policy is implemented,
which poses challenges for policy-making. The following lemma establishes the relationship be-
tween sectoral price responses and sectoral price stickiness, which are perfectly observable and

can be measured by the frequency of price adjustment {1 — a;};=x r-

Lemma 6. Suppose the following condition holds:

1-1

Akp+ (1= ADxk + xpKp—Kg) >0, (D.5)

wherex; = (1—a;)(1 —a;PB)/a; is the slope of the Phillips curve in sector i. Consider a sequence of
unexpected interest rate changes {rs}2 ,, such that ¢, =E,; Y32, rs is bounded. The following result
holds,

(ar—ag)(pX - pHe, <o. (D.6)
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Proof. Combining the sectoral Phillips curves

BEmE = nf —xpAp] + (¥ +0 e,

,Bﬂitntﬂ =K —xx Q- V)pl+(y+0 Vg,

where p = p!_, + 7K — %, and the expression for aggregate consumption (24) delivers

+

Pri— [AKR+ 1= DKk + ¥ p(KR —KK) 2| pr+pl | =z, (D.7)

where

[Et Z Ftts-

=(kr—-xx)(yo+ 1)

The corresponding characteristic function is

g(x):xz— AR+ (1 =Vxg+Kp—KK)Xp +2({x+1=0
Denote the two roots of the characteristic function as x; and x,. Denote A = Axkg+ (1 — D)k +
(KrR—KK)Xp 1 + 2, and consider the following two cases:

Case 1 (1( R > Kk): Let us first consider the case where xr > xg. Determinacy requires that
g(1) <0, which is always satisfied with assumption (D.5). Without loss of generality, let us assume

x1 < 1and x; > 1. Equation (D.7) can be written as
L' -x)L " =x)p)_ =2

It follows that .

L —x)pl = —————2
P xz(l_xz_lL_l) t

We then obtain )
Pr=xipiy—— ) X% zrij
X2 j=0

When xr > K, it follows that z;p; < 0 for all ¢, So that (agr — ax)p;¢; < 0 holds, where ¢, =
E: X2, 7s.

Case 2 (kg < Kg): Consider the second case where kg < K g. Determinacy requires that g(1) <
0, which is satisfied by assumption. Similar to the proof of the first case, it is straightforward to
prove that (ag — ax) pi¢: <0 holds. O

The condition D.5 provides a sufficient condition for result (D.6) to hold. Specifically, it implies
that as long as the slope of the Phillips curve for good K is small enough relative to that of good R,
the price response on impact pf is more responsive than pf.
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This result implies that the price of the more flexible-price sector responds more to shocks.
Specifically, it increases more in response to an expansionary monetary shock and drops more in

response to a tightening monetary shock.

Proposition 8. Suppose condition (D.5) holds, and consider a sequence of real interest rate cuts (r; <
0). If the price of goods in the Keynesian sector is more flexible (ax < ar), aggregate consumption

response is dampened in T-TANK, i.e. ¢ ~TANK < cTANK it the price of goods in the Ricardian sector

is more flexible (ax > ag), aggregate consumption response is amplified, i.e. ¢! ~TANK > (TANK

D.3.2 A Numerical Example

We calibrate 1 — a74NK | the frequency of price changes in TANK, to be 0.208 to match the average
frequency of price changes in the economy. The remaining model parameters follow conventional
values in the literature.

We begin by solving the TANK model with a74VX = 0.792. Subsequently, we solve the T-TANK
model, varying the degree of heterogeneity in price stickiness Aa = ax — ar, while keeping the
average price stickiness equal to a”4NX_ Throughout these exercises, the path of the real interest

rate changes remains unchanged.**

Figure D.1: Varying Heterogeneity in Price Stickiness in T-TANK
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Note: The left panel presents the variation in the relative cumulative consumption responses between T-TANK
and TANK (solid blue line, left y-axis) alongside pX — p® (dashed red line, right y-axis) concerning the difference in
price stickiness between K goods and R goods Aa. The right panel plots the variations in the Keynesian multiplier
(left y-axis) and the variations in aggregate MPC (right y-axis) with respect to Aa.

T-TANK / CTANK

In panel (a) of Figure D.1, the solid blue line plots ¢ , representing the ratio between

TANK and T-TANK in the cumulative consumption response to the same path of real interest rate

34The path of real interest rate changes is plotted in Figure E2 in the Supplementary Appendix.
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changes, across the degree of heterogeneity in price stickiness Aa = ax — ag.>® Consistent with
our theory, if Keynesians experience more flexible prices (aX > af), the aggregate consumption is

T=TANK 5, (TANKy T-TANK; -TANK Jecreases with Aa, in-

dampened (c >c and vice versa. Additionally, ¢
dicating that a larger difference in sectoral price stickiness results in a higher degree of dampening
or amplification. Correspondingly, the dashed red line in panel (a) plots the cumulative cyclical
inequality in the cost of living pX — p&, increasing with Aa.

Panel (b) in Figure D.1 displays the Keynesian multiplier and the aggregate MPC in T-TANK
across varying values of Aa. Point A and point B represent the multiplier and the aggregate MPC
in TANK when Aa is equal to zero. Notably, both the Keynesian multiplier and the aggregate MPC
decrease as heterogeneity in price stickiness Aa increases.

Figure D.2 illustrates how Keynesians’ and Ricardians’ consumption varies with Aa. Fixing the
path of real interest rates, the R’s consumption remains constant as Aa varies, consistent with
the Euler equation. This observation clarifies why the R’s consumption in T-TANK is equal to
that in TANK (point D). In contrast, K's consumption decreases with Aa, driven by the general
equilibrium effect discussed above. This leads to a decreasing Keynesian multiplier, as shown in
Figure D.1 panel (b), and consequently, a decreasing aggregate consumption in Figure D.1 panel

(a).

Figure D.2: Consumption Response of K and R in T-TANK and TANK

0.35
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Note: The left panel plots the variation in cumulative consumption responses for Keynesians (solid red line) and
the Ricardians (dashed blue line) with the difference in price stickiness between K goods and R goods Aa. Points
C and D represent the corresponding consumption by Keynesians and Ricardians in TANK, respectively.

35Figure F2 and Figure E3 in the Supplementary Appendix plot the impulse response functions (IRFs) of the
aggregate consumption, the K’'s consumption, and the R’s consumption, respectively, when Aa = 0.1.
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E Appendix for Section 6

E.1 ProofofLemma 2

The social planner maximizes the social welfare subject to the resource constraints:

max AUCH -vINO]+a -1 [uch-vND]
{NK,NR,CK \CR N ¢}

L Le b

subject to
[W]: ANK+(1-ANF=Y N;,
i

[wil: ACS,+1—=NCF, = A; Ny,

h
ch= n,!:l(cft/w?)“’i

The first order conditions give the following equations:

dck
AU(CKRY—L — ;=0
1-nU'ch dci _ (1-Ap;=0
dck

it
AV (NKY +yr=0
A-DV'INH+wa-1)=0
Y+ A =0

Combining and rearranging equations yields equation (27) and (28). To obtain equation (29),

substituting the expression of Cf and Cf into (27) gives
_g-! _
Cl= A (CH'™7 il (NDY (E.1)
Combining this expression with the definition of C f’ we have
I, (G /wy)" i = Cp = (Cy) (N7) i=1 ¢+ (E.2)

Simplifying,
hy—o~! h w? _
CH™7 = (NI, A D7 (E.3)
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so that we obtain equation (29)
-1
A
R
At

1
) -
Crt

Since N f =N f in the efficient allocation, we denote N; = N {( =N f. In fact, we can solve for the

labor supply N; using the goods market clearing condition.
N; Aj = (ACH,+(1-)C])
Aggregating across sectors yields

N =Y (raicK +a-nagich)

1

Substituting equation (E.1) into this expression:

N =Y (AFCH™ N+ (1= MefchH ™ N

1

Substituting C;’ using equation (E.3) we can solve for N;:

_1
N; = [MAKT L+ (1 -y ARyt Ter

E.2 Proof of Proposition 3

Denote ¢pX and ¢* as the Lagrangian multiplier of the budget constraint of Keynesians and Ricar-
dians at period ¢ under the flexible-price equilibrium. The first-order conditions of household-

type h are:

dch
U g = 01Pis
125

V(N[ = W,

Combined with the firms’ price setting function P; ; = W;/ A; ; we obtain equation (30). Combin-
ing the intratemporal condition of households U’'(C")/V'(N) = P!/ W, and the budget constraint
Pfo = W[Nf we can solve for Nth:

NI = (Al T

which yields equation (31). Using the intratemporal condition, we obtain C?:

a(l+y)

C? — (A?)_lﬂry )
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It is obvious that when o # 1, the flexible-price equilibrium is not efficient.

E.3 Proof of Proposition 4

Our proof proceeds in two steps. We first prove that if the prices of more than one sector are sticky,

the sticky-price equilibrium can not be socially efficient. We then prove that when only one sector

has sticky prices, a sufficient and necessary condition to achieve the first-best allocation is that

consumption baskets are homogeneous across households.

Pi(J)
i

-0
Multi-sector stickiness. Define the sector i’s price dispersion as S; ; = [ (P_r) dj. The price

dispersion S; ; evolves according to:
* -0
p i,t+1

P

Sit+1 :aiSi,t(1+7Ti,t+1)9+(l_ai)( (E.4)

Since there is no within-sector price dispersion under efficient allocation, we have 7; ; = 0 for all
i and t. Denote the constant optimal price as P;. Rewriting the expression (12) recursively and
simplifying we have

P; =W;/A;,, foralli,t (E.5)

Suppose there are two sectors with sticky prices. We then have
P;Al‘,[ = P]*A],t

which does not hold, almost surely. Hence, without loss of generality, we consider the case where
only sector 1’s prices are sticky.

Homogeneous consumption baskets. With prices in sector 1 being sticky and remaining con-

stant, household /’s price index is given by

W,
Pl = e,

o I 4901 hy-1
i t) = (HizlAi,lt) =(A)
where the second equality uses equation (E.5). Combining the intratemporal condition of house-
holds U'(C!/V'(N") = P!'/W, and the budget constraint P"C" = W, N" we can solve for N/ and
Cf’:

g-1
lel — (A?) oy
a(l+y)

Cy = (A]y v,

which is efficient if and only if AK = AR, or equivalently le = wf for all i. This concludes the proof.
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E.4 Triple Divine Coincidence: Robustness

E.4.1 Welfare weights

Characterizing first-best allocation. We set up the same social planner maximization problem
as in Section E.1 with the social welfare function

AuchH -viNS]+a-Duch-vinh],

where 1 # A and obtain the first order conditions:

- dck
AU (CH)—F = Api =0

it
Y s dTalil dCf_ _ L
1-DU'CH— - 1=V =0

it
AV (N +yA1=0
A-DV'(NH+ya-1=0
v+ uiAi =0

Combining and rearranging equations yields the following conditions corresponding to
Lemma 2,

V'(ND ~
U'(Chdctidct,
V(N a-1/a
VIINF) (1= A/
u'cchH VNS [AF
u'ch ~ vI(NRy | aF

it

-1

Inefficiency of flexible equilibrium and triple divine coincidence. Since we only replace the
welfare weights of the social welfare function, the flexible-price equilibrium is the same as our
baseline model. Household h’s labor supply and consumption are given by
NP = (Al
o(l+y)

C;l — (A?)_lJray )

It is obvious that the flexible-price equilibrium continues to be inefficient. The triple divine

coincidence result holds following similar proof of Proposition 4 in Section E.3.
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E.4.2 Local labor market and specialized labor

Our baseline model assumes substitutable labor across households. We explore the robustness of
our triple divine coincidence result with alternative specifications on labor markets and produc-

tion functions. Production function in sector i is given by
Yi, () = Ai e (NS (D NE G4,

and household h’s utility function is
uch-vnh

Efficient allocation with specialized labor. We first characterize the efficient allocations under

the new assumptions. The social planner’s maximization problem is given by

max A

K n7jR oK R
{Ni,l’Ni,t’Ci,t’Ci,t}

+(1-2)

1
UCH-V(Y NX)
i=1

I
ucH-v(y N
i=1

subject to

kil s ACH,+ (A= AC] = ArAN] )T (A = VN

ch .
Cl =Tl (—)“
w:

1

The first order conditions give the following equations:

"ck Kc_f_ .

U'( t)wi CK = Ui (E.6)

it
U'(CR)wRC—f— ; E.7
Wi — g = Hi (E.7)

Ci,t
V/(N{) = piei Ay, ANF ) A - WNF e (E.8)
V(N = pi(1—€) A (AN ) (1= ANF) ™ (E.9)

Characterizing the Efficient Allocation. From (E.6) and (E.7), we get the condition for consump-

tion efficiency:

K
U' (cKoX S _ U’(CR)wPC—f (E.10)
ST t771 CR :
it it
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From (E.6) and (E.8) we obtain the condition for consumption-labor efficiency:

K

C

V(NS = U'(COHOF —=€i Ai s ANF ) H (L= HNT)I, (E.11)
it
CR

V/(NJ) =U'(CHof — 1 —€) Ai (AN ) (1= NS, (E.12)
it

where the marginal rate of substitution is equal to the marginal product of labor in utility terms.
From (E.8) and (E.9), taking ratio for any two sectors i and j we obtain the optimal labor

allocation ratio across sectors:

K R
Ni,l’ Ni,l‘ ..

=i Vi (E.13)
Ni Ny,

That is, the relative allocation of each labor type across sectors should be the same.

From (E.8) and (E.9) for the same sector i:

VNG e NS
V/(NR)  1-€; NK

(E.14)

This determines the optimal mix of labor types within each sector.

Triple Divine Coincidence. Similar to the proof of Proposition 3 in Section E.3, it is straightfor-
ward to show that the sticky-price equilibrium is inefficient when there is more than one sector
with sticky prices. We consider the case where sector 1 has sticky prices, and all other sectors’

prices are flexible. The efficient allocation mandates that P;; = P; is constant. The recursive

WtK €1 WtR 1—61
€1 1-€¢; ’

formulation implies that
1
At

Py

Since prices in other sectors are flexible, prices are equal to marginal costs:

WK €; WR 1-€;
") ( i ) (E.15)

Pi,=
’ €; 1-¢;

Ait

We first prove that the market’s consumption-labor margin is efficient. Note that firms’ optimal

labor demand implies that:
N, K € WtR

it

= : (E.16)
R — € K
NE - W]

Condition (E.15) and (E.16) imply that

wk _ P
—& =€ AL AN T A= VNS =
Pt ' ' Pl‘
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Substituting into the household’s optimality condition, we have

V/(NKy  wK ck _ .
TctK) = P—; = wfc—;eiA,-,t(ﬂtN{ft)ﬁ Ha-nNf e (E.17)
t t it
where we replace P; ;/ PX using
-1
Pi: h
cti=ol (%] ¢
) h r
Pt

Equation (E.17) is identical to the planner’s condition (E.11). The same logic holds for Ricardian
households.
We next prove that the efficiency of labor allocation requires that ¢; = ¢; for all i, j. Since the

R

. Wi . . . .
relative wage W—‘K is common across sectors, equation (E.16) implies that
t

K R
Ni,t/Ni,t _€il(1—¢))
K R ~ .. .
NKINE, ejl=¢))

This only satisfy the planner’s condition (E.13) if €;/(1 —¢;) = €;/(1 —¢;) for all i, j. That is, €; is
the same across all sectors. If €; # €; (sectors have different factor intensities), then Nfsl Nfs #
N]I.,( s/ N]If - The market allocates the two types of labor in different proportions across sectors,
which is production inefficient.

Consequently, we only need to consider the case where ¢; = ¢; for all i, j, and Nfs/ Nfs =
N]I.f §/ Nﬁ s~ The demand for each type of labor is derived from firm cost minimization. For any
sector i, the optimal labor ratio is:

Nf e WR

it _ t
NR 1-ewf

it

Considering that }_; Nl.Kt = Nf and ) ; NlBt = Nf, we have

K pnf K
W N; __¢€
WENE 1-¢

We now only need to provide a sufficient and necessary condition for the consumption effi-

ciency (E.6). From the market budget constraints:
K R

w w
CK=—LNK and CF=—LNF
t P{( t t P;{ t
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The efficiency condition (E.6) can be rewritten as:

(C{()—I/U ~ (Cﬁ)_l/g
P{ Pf

Substituting the budget constraints for Cf into this equation and rearranging, we have

K nK K\1-0
Wi N _ [ Pr

RnvR | DR ’
W/N, Py

which is .
-0
AR} e
Af l—¢

The sufficient and necessary conditions for the market equilibrium to be efficient can be summa-

rized as € = 1/2 and w¥ = ¥ for all i. (Note that we assume o # 1.)

E.5 Proof of Proposition 5

E.5.1 Notation Definition
We first define some notation for subsequent analysis. All vectors are in bold letters. Define the
price-stickiness matrix for sector i as follows,

© = diag(¢ps, ¢1, .-, P1), (E.18)
_ (-a)(A-Pa;)

where ¢; = T—pga=g5
Define the following within and across operators:

which is decreasing with «;.

HWVN = diag(Ow) (1 - D)D 7L, (E.19)
HATOS = S(In, In), (E.20)

where Iy is the identity matrix with size N, the weight vector w = (w1, w>, ...,® nT represents the
steady-state consumption share with w; = Awf +(1- /l)wf . The vector for weight share is defined

K
~h_ o ~h ~h ~INT i <K Aw;
as w" = (0}, wy, ..., 0;) Wltha)i = AoFra-Dar

The substitution operator, S(-,-) : Ryxx X Ryx g — R« g, is defined as’6

and ('Df+(7)f =1.

1
[SX, Vg, = Ezzwiwj (Xik— Xjk) (Yin—Yjn)-
i j

36See Bagaee and Farhi (2018) and Rubbo (2023) for more properties of the substitution operator.
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We finally define some coefficients. The coefficients for consumption inequality are

Yen =

The coefficient for the welfare function is

YVwe = (0

_ Xyl
Cy_ l—A/’
rY+1

y+o7l

Zly+ol- 1)AQ-A).

The two coefficient vector and matrix for sectoral Phillips curves are

K=o

T=0-

@1
+7) 1-wlol’

1
—  Ko'u-o),

ol +y)

where 1 € R! is the unit vector. All notations are summarized in Table E.1.

Table E.1: Notation

Parameters

Notation and values

Price-stickiness matrix

Consumption share vector

Weight share vector

Within operator
Across operator

Substitution operator

Phillips curve coefficients

Consumption inequatlity coefficients

Welfare coefficients

Unit vector

® =diag(¢p, P1,....,P1) ERyx;

_ (-a)(1-Ppai)
bi= 1-Ba;(1-a;)

w= (wl,wz,...,wI)T eR!
= Aof + (1 - Dok
o" =@, o},...oMmT eR!

Ak
~K _ i ~K
@i = ekra-val i

HWIthin — diag(@w) (1 — D) € Ry g
HaCI‘OSS S(IN, IN) € RNXN

+of =1

SC,) :Ryxk xRyxpg— Rrxn
Sk =3 LY 0w (X — X0 (Yip—
=(o~ +)/) T<1>1€Rf

J=0-

KoT(I-®)eRyg

1+Y)
Wey =45 /1 »Wen = yl:;l-l
Yuwe=(0"2ly+o71-1)A1-1)

1=(1,1,.. 1) eR!

]h)
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E.5.2 Some Preliminary Results

To obtain the approximation of the social welfare loss function, we first derive some preliminary

results.

Natural Rate of Qutput. Substituting n; = y; — a, into the labor supply equation, we obtain the

expression for the nominal wage rate:

=(y+o Dy +pi—va.

With flexible prices, firms set their prices equal to the marginal costs p} = w} — a,, which delivers
the expression for the natural rate of output:

rY+1

n

Ye =

T (E.26)

Cyclical Inequality in Consumption and Labor Supply. With aggregate productivity shock ay,
the aggregate profit is
di=pi+yi—wi—ng=—(W—p)+a, (E.27)

Substituting equation (E.26) and (E.27) into equation (18) we have

Cr = XyYi— oy ()(y—l)at—(l /1) (pt _ R)
Ricardians’ consumption is given by
R 1- AXy A Y+ 1

C; = Yt

Y+l xR
+ -Dar+ \——=(p; -
1-1 1—/1y+0‘1(xy ar y+0‘1(pt pr)
The labor supply of the Keynesians and the Ricardians is given by

o1
y+1
a;+(1- A)—Y+U_1(p ,f),

(y-1

ot o ly+1)
=[1-—y-D|y - |1 - ——

[ Y Xy—D |y [ Yrto- 0
-1

1+ A —1)] —[1+
y 1-1 Xy Vi

-1

-1 H A
or+1) a;—A—
Y

Yy+oH1-1

rY+1
y+o1

R _
n, =

(y -1 (pr = p).

Hence, the consumption difference between the Keynesians and Ricardians is given by

Xy—1_ +1
of el = L5 - L (pf - p.

E.28
1-1 Y+o ( )
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Similarly, the difference of labor supply is given by

K R _ O-_I(Xy_l)~ 0_1 'y+1

K_ R
T (py —ps)- (E.29)

Sectoral Markups and Inflation. Rearranging equation (C.2) yields the following expression:
K =Ome;,—pr+my)+PI—-D)Esm49
The sectoral markups p; are therefore given by
pi=pi—mec;= -0 I -®)(w; — BE,/w141). (E.30)
The Divine Coincidence Phillips Curve. Following Rubbo (2023), we derive an inflation index
such that the central bank is able to stabilize the aggregate output gap by completely stabilizing

this inflation index.

The sectoral markups are given by

KHi=pr—mc;

:pt—lwt+at. (E.31)

Subtracting the above equation by the corresponding one under flexible prices relates the sectoral
markups with the wage gap and price gaps,

Be=pr— 1wy,

which leads to

wTﬂt = wTﬁt — Wy
Similarly, we obtain the following expression from the labor supply equation,
w;— wTﬁt =0 +Y7;

Combining the last two equations, we relate the output gap with the weighted sum of sectoral
markups,
0+ 7i=-0lp, (E.32)

A-28



Substituting equation (E.30) into equation (E.32) yields the divine coincidence Phillips curve:

-1
oty
7PC = BE PG + ——— 15 (E.33)
i=1%i7g,;
where -
I wi_—i
$i
].[lt)C = Z =0, it
iY@, —
J=170 ¢

E.5.3 Deriving the Welfare Loss Function

We are ready to derive the welfare loss function. Household type h'’s utility function is denoted by
uwh+vinh
The second-order Taylor expansion of the first term of the utility around the steady state is
UuyYh=um+umy-v)+ %U"(?) Y -Y)2+0(2)

UM+ YU Dy +5(U DY + U”(?)?Z) (Y2 +0(2) (E.34)

The second equality follows from the Taylor expansion
Y'Y =1+ 0+ 202 + 02

Summing across agents delivers

AUYS) + (1= DU
=UX)+YU' (Vy+ %(U’(?)?+ UMY ) [AGE2+ 0= D2+ o) (E.35)

—_— 1 (N7
where g1 = =YL 1,
Uu'(y)

and the second equality uses the fact that

AP+ Q=D =20 -N Gy -y +yr.
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The second term of the utility can be approximated around the steady state to second order,

expressed as

AVINS + - vvh
=V + V(N [ANE =N + A= DN - W) | + %V”(N) |ANE =N+ - DNF -2
=V(N) +V'(N)N

[AnK+a-1nf)+ % [AR?+ - P2 |+ %V”(N)Nz A% + (1 - 1) (nfH?]

=V(N)+ V' (N)N [AnK + 1 -nf+ % A2+ - P2 |+ %V’(N)Ny (A1 =) (K - nfH? + n?

(E.36)

Denote Y; = JY; +(j)dj and approximate the labor market clearing condition
I ~
ANE+Q-V)NE=Y Vi Ay
i=1

to second order

— 1—
N[AnK+a-1nf]+ EN[)L(n‘f)2 + (1= (nh?]
(1 11 ) I

=Y Zwi?i,ﬁéZwif/i,t—zwi?i,tai,t +tip

i=1

z%t"'z VarJ/zt(])"‘ szylt Zle/ltazt)+t1p
= i=1

Il
)~<
i

I
~|

w; .
J&‘*‘ZZ—HIVaU’Lt(])"‘EJ’% Zw Wi(Yit— Vit _ytat__zﬂ)zw](ylt yioai— a]t))+t1p
- 247

=Y yr+Zzgvarym(1)+ vi- ytat+4zw wil(yie—yj,0) — (@i —ajl )+t1p (E.37)
i,j

The second equality follows from the expression below

1 .
%Varyi,t(]) +0(2).

Vit =VYit+
The third equality makes use of the following two equations:

I

Z z)’i,tzJ/t,

T M~ I

1
wzyl =Y+ 3 Y 0w (Vi - yj)°
i,J
and the following factoring technique:

1
Y wiyiai=ya;+ > Y 0w (i —yj) @i —aj,;)
i,j
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Plugging equation (E.37) into (E.36) yields

_ — 71 ! i .
AVING) + (1 - )V (NE) = V<N)+V’(N)N[5(1 +PYEHYi+ Y ‘z"—evaryi,tu)
i=1

1 1
+Zzwiwj[()h',t —¥i) = (@i —a;)’* —A+yY)yea;+ SYA0- D (nK —nf?|.
]
(E.38)
Note that
. i t(]) -0 K R
Yii(j) = ” AY;, +1-DY;)
(P,,t(j) )—9
= Yy
Pi
Hence, the following result holds,
vary;, (j) = 6*varp;, ()
Note also that the sum of discounted within-sector price dispersion can be expressed as:*’
iﬁtvarp~t(j)= % i L2
= y (-ap(-a;p) " "
We therefore have
vary; ¢(j) = a,-02 2
Ve S e —aip) v
Substitute this expression into (E.38) we obtain
AV(Ng.)+(1-DV(N )=V(N)+V’(N)N[l(l+ 1ty (L4 Pyt wifai
Kt Rt STV Ve Y)yia: L0 and—aip)
1 1
7 2 @01 Vie = Y = (@i - a0l + YA =D - ngo?|. (B39
i,j

Note that the aggregate demand for sectoral composite good i is given by
~K K , ~R. R
Vi =0 Vit 0 Vip
where

K
~K Aw;

w. =
LA+ 1-Mof

; o +alf=1.
Household h’s demand for sectoral good i is

V= =pi—ph+ vl

37see Woodford (2003) Chapter 6 for a proof.
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Combining these two equations, we have

Wit = Vi) = (@i = aj,) = = [(pie = pjo) + @i = aj0 ] + @f =05 [(pf = pO) + (- R)]

-1
_ _ -1
=—[(pi,t—pﬂ)+(a,-,t—a,-,t)]+(w,’-<—w§<)[y+a_l(pt ph+2 Ay,]

~k_~ky 0 —1
=—[(pic—pjo)+ @i —aj)] + (@; _wj)[)/+0‘1

K R
(my —my +pt 1 pt 1)"'

/1
(E.40)
Recall from equation (E.31)that u; ; = p;; — w; + a;,; and from equation (E.30) that y;, = —%‘f"(ni,t -
BE;m; ;+1). We obtain the following expression,
(Pl 1- (vb
(pir—pj) +(air—aj) = (P — (i — BB 1) + ——— y (e — BB, 41) (E.41)
i J

Subtracting expression (E.39) from (E.35) and collecting like terms we obtain the welfare loss function

Wi==|(y+0 )y —yH°+ 75+ =Y 0iwilyii—yi)—(ai:—aj)]
1=3 Y Ye—= Vi ,-:Zi(l—ai)(l—aiﬁ) it 2; iWjlYit = Vjt it — Ajt

+ (@ =DAA =N (K =B ryra - DK - nB?|, ®.42)
where (yi,c — yj,¢) — (ai,c — aj,) is given by (E.40), (p;,r — pji) + (ai,c — aj,) is given by (E.41) c{( - cf is given

by (E.28), and nK — nk is given by (E.29).

Rewriting the welfare loss function (E.42) in vector form, we obtain the expressions in Proposition (5).

E.6 Proof of Proposition 6
We employ the Lagrangian method to solve the Ramsey problem. The Lagrangian is given by
o0
1 L o
L=E ZO,BI{E [(y +o hH?+ a HVthin g STHATOSE e (K =B + 0T (p -, — pioy)
t=
+ & (= KFe+ T (P +a) - BU - DE )}, (E43)

where 9; and &; are the Lagrangian multipliers for the law of motion of sectoral prices and the sectoral
Phillips curves, respectively.

6, =0 ' 1-®)(m;— PEA141) + Bk [(1 —Yer) @y — 0R) (T + Pro1) + Yoy Tel ]

~ T T
CKt—CRt =Yyt —Wen(@yg —wR) (T + pr-1),
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where recall that

Xy—1
1l/Cy_ 1_/1
B Y+1
Ccmt — -1
Y+o
0.72

First-order condition for y;:
KTE =y +0 )T+ Wey® HOOS8 + WucWey(cf —cf), (E.44)
First-order condition for 7,:
HY 0+ (= D)7 + (1 =y en) @k — 0RB ) H %8, — Y e en(cf — ) (wk — wp)
+&—U-DTE 19, — [~ O)DIHX¥SF,_; =0 (E.45)
First-order condition for p;:
PED 11— 0~ BT "Eréri1 = B~ Yen) @k ~ WRBLH VE8 101 — P weWen (¢f — ¢f) (wx —wr) (E46)
Multiplying KT to both sides of equation (E.45) and adding to equation (E.44) yields express (41),
(y+07 ) 71 +Bym,+ Bsd,+ BolcK — By =K (1~ " &1+ K79, +B_1 56,1, (E.47)
where

By = K T%WIthln’

Bs = (T)T +]CTF Hacross,
5= (Weydg ) : (E.48)
Be=vwwc [ch ~ YK (Wi - wR)] )

B—l,& — ,CT(I _ q))(D—lHaCI'OSS’

and the coefficient matrix F is defined as

F=(I-®)0' +(1 -y @k — 0p)@.

E.7 Optimal Inflation-Targeting Policy

In this section, we characterize the optimal inflation indexes. The following proposition first gives the

optimal weight of inflation indexes in vector form.

Proposition 9. Assuming that the discount factor = 0 and p;-1 = 0, the optimal monetary policy in period
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t can be implemented by an inflation-stabilization policy of the form

@, =0, with @=@FNK . TANK | (TANK-HT

where
(pRANK:wT(I—q))(D_l + KTHWZ[}’”VI + ,CT(I_(D)q)—lfHaCI’OSS(D—I(I_(D), (E.49)
\ J %’_l N _ J
output gap within-sector dispersion cross-sector dispersion
"=y ,eyl Iy + o D - )7, (E.50)
ineq;ality
TANK-HT ~ T 4 jacross wCJ’ ~ T -1 U/CJ’ T —14 jacross ~ T -1
= W H I+ o |[(I-D)0 + ——— K (I-D)Dd H wgw' (1-0)D
P Yeywy }/+0'_1 K ( ) Y+0'_1 ( ) Kk ( )

cross-sector dispersion

+ 1=y K 0k - 0R@FH S [0 (1 - ®) + Dk [Wey T+ (1 —Wer) @k — 0]

v

cross-sector dispersion

+ {Yey@p+ KT [I-2)07 + (1 - yer) @k —0R)@ |} H (1 - Y en) @k @k — @)

cross-sector dispersion

+ TWWCWCHWCyICT(wK —WR) Y —VYwcWen [ch - WCnICT(wK - wR)] (w}; - wgz

ineq;ality
(E.51)
Proposition 9 shows that introducing heterogeneous agents and heterogeneous consumption baskets

affects central banks’ incentives to stabilize the cross-sector price dispersion as well as to stabilize inequality.

The next corollary presents the optimal inflation index for individual sectors. The sector-i specific terms
are highlighted in bold font.

Corollary 4. The weight for the optimal inflation index in sector i is given by

_ o RANK _ TANK ,  TANK-HT
Pi=9; ot )
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where

00 +y)w;(1 - ;)

, Leigi-D[(x)

L OrdR) — i) (@ +y)

RANK
¢ =widlgi—1) + 7 - (E.52)
— 1-)" . wid; 2 1-Y! wip;
output gap N 21;1 i N Z{r_l iPi )
within-sector dispersion cross-sector dispersion
pINK = e ;i (L/; — 1) (E.53)
N—— — ™
inequality
TANK-HT _ Yey(@k,i —Xh Ok,h0h)
F dy+dy+ 5 wi(l/¢p;—1)

~
cross-sector dispersion

+

[\

(fi+ 1) (wk,i —@R,i) + f3-0i(Lpi = 1) + foi - (@k,i — ) Ok, pwp)w;i(Lp; —1)
7

V)

+

g1 wi(Upi—-1) + & (wk,i—wr,i) + & (Wk,i —WR,;)

~
cross-sector dispersion

(E.54)

ineq;ality

whered,, do, e1, f1, 2, f3, f1, &1, &, and gs are sector-invariant constants, whose expressions are given by

4= mzwf‘”h(“’Kf‘th) Ve
o s | S T, 0=
WWcllf%y
e = -
y+o
fi= (I=-Xpondn) |; Z¢](wK] ) ;;wlwh(% wp)
fz_z(l—Zhwhﬂbh) ;;wlwhw’ P @k,h = WK, j)
(@ 4N -y [{
- i(Wk,j —WR,j)
fé l_zhwh(ph ];('b] K,j R,j L
@ +A-Yen)
Ji= 20 =YX pondn) jZ:1¢](wK] WR,j)

A-35

Y Y ojopw;—wp?

N Wey(l—=Wen)

5 Y |wjon@k,j - @x,n)?]
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I
VwcWenWPey Z ¢; (wK,j _ CUR,j)

gl=—ro——
1=Ypondn | i

82="YVwcWenWcey

I

Y ¢jlwk,j-wrj)
j=1

_ WWCW%n @t +y)
1-Yp0ndpn

The next corollary further characterizes the optimal inflation index.

Corollary 5. Suppose that the Kynesian households face on average greater price flexibility, i.e., ). ; pjwk,j >
Y. jpjwr,j. The following results hold: d, > 0,e; >0, f; >0, f3>0, 81 <0, §2<0,83>0

Corollary 5 establishes that introducing heterogeneous consumption baskets presents the central bank
with a trade-off between stabilizing cross-sectoral dispersion and stabilizing inequality. The existing TANK
literature demonstrates that the motive to reduce inequality unambiguously strengthens output gap sta-
bilization (reflected by e; > 0). When heterogeneous consumption baskets are introduced, the motive to
stabilize inequality itself can alter policy incentives, possibly leading the optimal inflation index to assign

greater weight to flexible-price sectors (reflected by g; <0 and g3 > 0).

E.7.1 Proof of Corollary 2

The expression for ¢

fAN K'in (E.52) can be arranged as

RANK -1 . 1/d;: -1 I —; ]
Ld =1/p;—1) + b +IY)(1 i) n 1/ )[(thli’hﬂbh) bil (@ +7)
wj I—ijle(,bj l_zjzle(,bj
1/¢p; —1) (X! -1 Y -1
=(l/pi-1) + (1/¢; )(thllwh¢h)(0 +7) . (1 (p,)(HI Do '+7y)
1= ,0j9; 1-%! wj¢;

Since ¢; € (0,1) and 6 > 1, all three terms in the expression above are positive and decreasing with ¢;.

E.8 Optimal Monetary Policy: Discussion and Robustness
E.8.1 Welfare Weights
The welfare function is given by

AuchH-vindHl+a-nuch-vind],
where 1 # A. Note that we can rewrite the welfare function as follows,

AuchH -vinB]+a-n[uch-vinh]
=AUCH-vINO]+a-n[uch-viND]+A-v[uchH -uch]-a-1[viNE -vivD)

-~

~
conventional term new consumption inequality new labor inequality

(E.56)
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The first term of equation (E.56) is the conventional term when the welfare weights coincide with the
population weight (4,1—A). The second and third terms emerge because the central bank prefers allocating
more consumption and less labor to the households with relatively more weight. That is, the first-best
allocation entails consumption and labor supply inequality.
The second-order approximation of the conventional term is the same as in expression (34) with the

derivation in Appendix E.5.3. We therefore only need to derive the second and

A-VUESH-Uurp)

~ - — 1 B
=(A-DU'MY |yr -y +50-0 [0 - )]
— UM TA-VE-yh

and the third term

A= DIVINS) - VN
~ - 1 B
=A-MWV' Y)Y |nK-nl+ s(1-o D [(1r5?% - (nF)?]
=V YV)YA- (K -nk)
The second equality holds because we assume that the welfare difference A — A is small, so that we drop
terms higher than the second order. Combining the three terms yields the welfare function

—~ 1 L ~
W, = —5[(y+0_1)}7? + aTHvhing o §THATOSE 1y, (cf—cf)z—?(l +a_1)(/1—/1)(cf—cf)l

-

new term
12

1 L -
= —5[(y+0_1)}7$ + aTHvithing 4 §TATOSE 1oy, (cf—cf)—!(l +0_1)(/1—/1)/wwc)1/2 ]

J

new target

(E.57)

Expression (E.57) implies that the central bank now targets non-zero inequalities, equal to
(1+07hH A=)/ Ywe) "2 This motive leads to inflation biases, and the optimal monetary policy with time-
0 commitment could be different from our baseline model. However, the optimal commitment policy under

the timeless perspective is the same as in our baseline model.

E.9 Optimal Monetary Policy: Examples

Our TANK-HT framework departs from Benigno (2004) in two assumptions: 1) the presence of two distinct
household types (K and R) instead of a representative household, and 2) the introduction of heterogeneity
in the consumption baskets of K and R households. We investigate how these two assumptions reshape the
optimal inflation-targeting policy in Benigno (2004). We reveal that the second assumption qualitatively
changes the optimal monetary policy, while the first assumption does not. To delve into the details, we

initiate our analysis by temporarily disregarding the second assumption to isolate the effect of the first
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assumption.

The Role of Heterogeneous Agents. All households have identical consumption baskets, implying
wf = wf and wf = wg . Essentially, we are comparing a two-sector TANK model with a two-sector RANK
model, assuming heterogeneous price stickiness between sectors.

Introducing heterogeneous agents, as opposed to its RANK counterpart, introduces an inequality term
to the welfare loss function. This term turns out to be proportional to the output gap, as shown by the

following corollary:

Corollary 6. The approximated welfare loss function when households have homogeneous consumption

baskets is given by
V(Y)Y _ wiba;
Wi=-—0—|+o Ni—yhP+ a = a.gznzz',t +Y wiw; [(yi,— v - (@i —aj0)
; —

i,j

~ ~

Conventional term

B B 0_—1 -1 2
+(0 Y +y—ylo I)MI_MT(XIJ}—/\) (y[—yf)z

N J

, (E.58)

Inequaﬁly term

The expression (E.58) implies that, compared to the RANK model in Benigno (2004), the central bank
finds it optimal to put a greater weight on stabilizing the aggregate output gap. However, given that output
gap stabilization is already deemed nearly optimal in Benigno (2004),%® introducing heterogeneous agents
does not qualitatively change the optimal monetary policy.

In the context of inflation-targeting policies, the redistributive motive suggests that the central bank
benefits from adopting a more aggressive stance in stabilizing the inflation of the sector with stickier prices.
This is due to the fact that an equivalent amount of variation in the sectoral inflation results in a smaller

sectoral output gap when a sector has relatively stickier prices.

A Numerical Example. We use a numerical example to illustrate the role of heterogeneous agents in
Section 6.3.6. The model is calibrated as follows. We follow Woodford (2003) Chapter 4.3 to generate a
similar degree of strategic complementarity and the slope of sectoral Phillips curves, so that we set the
elasticity of substitution o to be 5 and the inverse of Frisch elasticity y to be 0.2. We set the elasticity of
substitution across differentiated goods 6 to be 4, so that the average markup is 66%.

For illustrative purposes, we set consumption weights oX = wf = 0§ = w¥ =0.5. We set a; =0.5- Aa
and ay = 0.5+ Aa, and vary Aa from 0 to 0.5.3 We consider and compare two models: RANK when A = 0
and TANK when A = 0.5.

Panel (a) and panel (b) of Figure E.1 show the welfare loss of (1) CPI stabilization policy (2) stabilizing the
optimal inflation index (OII) and (3) the output-gap stabilization policy in RANK and TANK, respectively.40

38Recent papers studying optimal monetary policy in RANK have similar findings (e.g., Rubbo (2023); La’O and
Tahbaz-Salehi (2022))

39Note that the frequency of price changes in sector i is 1 — a;. So prices in sector 2 are more sticky.

40A11 welfare losses are relative to the welfare loss under the optimal monetary policy.
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In both cases, the welfare difference between stabilizing the OII and the optimal policy is negligible. Output-
gap stabilization is also nearly optimal, leading to slightly greater welfare loss than OII. Stabilizing CPI is
not desirable when the difference in price stickiness between the two sectors is large.

Panel (c) of Figure E.1 plots ¢, : the weight on sector 1 (the flexible-price sector) of the optimal inflation
index. Compared to RANK, the optimal inflation index (OII) in TANK assigns more weight to sector 2,
the sector with more sticky prices. However, the difference between OII-RANK and OII-TANK is small,
consistent with the prediction of our theory.

The results demonstrate that stabilizing the aggregate output gap is nearly optimal in both RANK and
TANK. However, compared to RANK, the optimal inflation index in TANK assigns more weight to the sector
with stickier prices.

Figure E.1: Monetary Policies: RANK vs TANK

(a): RANK 3 (b): TANK (c): Inflation Index
= |- CPI Ao | CPI — 06
— OII-RANK = OIL-TANK S T A —
E Output-gap stabilization /¢/ E 9 Output-gap stabilization — v
\c-)/ ¢/¢ 1 \('-)/ R 8 04 S
] ¢/ 2 /', g A
& 7 & - o]
— /' — /’ =1 \
@ e 4 o1 /' o 0.2 \
= /7 H r +
& e & Rd g f[=-crr &
2 ° 2 /¢’ g) — OILRANKS
, . — OIL-TANK -
A—/ - 0 4-1 - - - 0 L ' i
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4 0
A« A« Aa

Note:Panel (a) and panel (b) plot how the the welfare loss (relative to optimal policy) vary with difference in
price stickiness Aa = (a2 — a1)/2 under different monetary policies: stabilizing the output gap, stabilizing
the CP], stabilizing the optimal inflation index in RANK (OII-RANK) and in TANK (OII-TANK) respectively.
Panel (c) plots how the weight on the flexible-price sector 1 varies with Aa.
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F Figures and Tables

Figure E1: Housing Tenure Status: Household Demographics
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Table E1: Top Contributors and Mitigators to the Difference in Household Price Flexibility

(6] 2) (3) 4 (5 (6) @

Contributions Expenditure Shares Freq of Regular HHs. Price Flexibility Breakdown
(%) Mortgagors Homeowners Differences Price Changes Mortgagors Homeowners
(" -0l ))a wha wéa;
pt_ i h ¢4 h 4 . i i
a8 Wj wj Wi~ @) o oF

Top 10 largest contributors to the difference in mortgagors’ and homeowners’ price flexibility

Gasoline 114.7 9.0 3.5 5.4 87.7 37.7 18.5
Used Cars 9.3 1.9 15 0.4 100.0 9.0 9.0
Vehicle Leasing 2.5 0.6 0.4 0.2 42.4 1.3 1.0
Day Care And Nursery School 14 1.0 0.2 0.8 6.9 0.3 0.1
Cellular Telephones 1.1 1.7 1.4 0.3 13.0 1.1 1.1
Limited Service Meals And Snacks 0.8 2.5 1.9 0.5 6.1 0.7 0.7
Diesel And Alternative Fuels 0.6 0.2 0.1 0.1 45.2 0.4 0.3
Subcompact Cars 0.4 4.3 4.2 0.1 31.3 6.4 7.9
Elementary And High School Tuition And Fixed Fees 0.4 0.5 0.3 0.3 6.2 0.2 0.1
Full College Tuition And Fixed Fees 0.3 1.6 1.4 0.2 5.8 0.4 0.5

Top 10 largest mitigators to the difference in mortgagors’ and homeowners’ price flexibility

1v-v

Electricity -6.2 3.1 3.7 -0.7 38.1 5.6 8.6
Prescription Drugs -4.3 44 5.6 -1.2 15.0 3.1 5.0
Utility Natural Gas Service -2.8 1.1 13 -0.2 724 3.9 5.6
Fuel Oil -2.4 0.2 0.3 -0.1 68.0 0.6 1.4
Hospital Services -2.0 11.3 12.6 -1.3 6.3 34 4.7
Rental Of Lodging Away From Home -1.1 0.9 1.0 -0.1 41.7 1.8 2.5
Motor Vehicle Insurance -1.0 2.5 3.0 -0.5 8.2 1.0 1.5
Bottled Or Tank Gas -0.9 0.1 0.2 -0.1 37.9 0.3 0.6
Airline Fare -0.9 0.9 0.9 -0.1 59.8 2.5 3.3
General Medical Practice -0.8 8.5 9.6 -1.0 34 1.4 1.9

Note: This table reports the top 10 product categories that contribute to or offset the difference in price flexibility
between mortgagors and homeowners (column 1). Columns 2-4 show the average expenditure shares of mort-
gagors and homeowners on these products over the period 2004-2019, where w;‘ =+¥] w?, . and w}g. =+¥] w}‘." :
Columns 5 reports the frequency of regular price changes of these categories. Columns 7-8 show the contributions
of these product categories to the overall price flexibility of mortgagors and homeowners, respectively.



Table E2: Expenditure Share Differences and Frequency of Price Changes

Category Expenditure Shares Freq of Regular

Morgagors Homeowners Differences Price Changes (%)

Top 10 larger expenditure shares by mortgagors

Gasoline(all types) 9.0 3.5 5.4 87.7
Day care and nursery school 1.0 0.2 0.8 6.9
Limited Service meals and snacks 2.5 1.9 0.5 6.1
Used cars 1.9 1.5 0.4 100.0
Cellular Telephones 1.7 1.4 5.4 13.0
Elementary/high school tuition and fixed fees 0.5 0.3 0.3 6.2
Vehicle leasing 0.6 0.4 0.2 42.4
Full college tuition and fixed fees 1.6 14 0.2 5.8
Fees for lessons or instructions 0.3 0.1 0.2 33
Food at employee sites and schools 0.3 0.2 0.1 2.9

Top 10 larger expenditure shares by homeowners

Hospital services 11.3 12.6 -1.3 6.3
Prescription drugs 4.4 5.6 -1.2 15.0
General medical practice 8.5 9.6 -1.0 34
Electricity 3.1 3.7 -0.7 38.1
Motor vehicle insurance 25 3.0 -0.5 8.1
Prosthodontics and implants 2.3 2.7 -0.5 4.5
Funeral expenses 0.1 0.4 -0.3 8.9
Community antenna or cable TV 1.4 1.7 -0.3 12.4
Care of elderly in the home 0.0 0.3 -0.3 2.8
Internal and respiratory drugs 0.4 0.6 -0.2 7.9

Note: This table presents the top 10 product categories with the largest differences in expenditure shares between
mortgagors and homeowners and reports the frequency of regular price changes for these categories. The expendi-
ture shares are calculated as averages over the period 2004-2019.
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Table E3: Top 10 Highest and Least Contributors to the Volatility of the IPI Inflation

1) 2) 3) 4) (5) (6)
Changes in Inflation Volatility Volatility of Inflation

IPI High MPC Low MPC IPI High MPC Low MPC
Asd(P"—P8) Asd(P")  Asd(P8) sd(P"-PS$)  sd(Ph sd(P8)

Top 10 Highest Contributors to the Inequality Price Index Inflation Volatility

Gasoline (all types) -41.924 -49.376 -36.853 0.078 0.327 0.362
Gardening and lawncare services -0.588 0.356 0.591 0.158 0.759 0.643
Funeral expenses -0.231 0.337 0.603 0.159 0.759 0.644
Other lodging away from home including hotels and motels -0.114 1.161 1.776 0.159 0.763 0.647
Outdoor equipment and supplies -0.032 0.513 0.728 0.159 0.760 0.644
Domestic services 0.108 0.393 0.472 0.159 0.759 0.642
Floor coverings 0.145 0.314 0.236 0.160 0.759 0.641
Sports vehicles including bicycles 0.175 0.333 0.202 0.160 0.759 0.641
Tenants’ and household insurance 0.210 0.486 0.649 0.159 0.760 0.644
Care of invalids and elderly at home 0.226 0.189 0.220 0.160 0.757 0.641

Top 10 Lowest Contributors to the Inequality Price Index Inflation Volatility

Fuel oil 9.287 -1.556 -4.327 0.175 0.742 0.607
Limited service meals and snacks 7.050 3.218 1.786 0.173 0.783 0.651
Hospital services 6.854 8.159 7.217 0.165 0.791 0.670
Physicians’ services 6.309 8.083 8.277 0.164 0.791 0.675
Utility (piped) gas service 5.935 -3.451 -6.509 0.167 0.714 0.574
College tuition and fees 4.976 2.253 1.173 0.168 0.774 0.648
Child care and nursery school 4.479 1.239 0.221 0.167 0.767 0.641
Motor vehicle insurance 4.358 2.816 2.460 0.166 0.784 0.662
Full service meals and snacks 2.977 2.838 2.755 0.165 0.780 0.658
Wireless telephone services 2.747 0.694 0.061 0.165 0.765 0.643
All items 0.159 0.639 0.756

Note: This table presents the top 10 items with the highest and lowest contributions to the volatility of the Inequality
Price Index (IPI) inflation. Columns 2-4 display the change in the volatility of IPI inflation, as well as inflation for
high-MPC and low-MPC households, resulting from the exclusion of each item. Columns 5-6 report the standard
deviation of IPI inflation and inflation for high-MPC and low-MPC households, after excluding each corresponding
item. The final row shows the baseline volatilities for IPI, high-MPC, and low-MPC inflation using the full consump-
tion basket (i.e., including all items).
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Figure E2: IRFs: Real Interest Rates and Aggregate Consumption
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Note: This figure plots the path of real interest rate and the IRFs of aggregate consumption in the numerical
example in Section D.3 when A, =0.1.

Figure E3: IRFs: K’s and R’s Consumption
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Note: This figure plots the IRFs of Keynesians’ and Ricardians’ consumption in TANK and TANK-HT in the
numerical example in Section D.3 when A, =0.1.
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Figure E4: IRFs: Real Interest Rates and Aggregate Consumption
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Note: This figure plots the path of the future real interest rate, and the IRFs of aggregate consumption to
this real interest rate shock in TANK-HT and TANK-HM in our calibrated model in Section 5.2.
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