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ABSTRACT

Minority In3ation, Unemployment,
and Monetary Policy °

Our paper addresses the heterogeneous effects of monetary policy on households of
different races. The cyclical volatility of real income differs significantly for households
of different races and income levels, reflecting differential exposure to fluctuations in
employment and consumer prices. All Black households are disproportionately affected by
employment fluctuations, whereas price volatility is only particularly pronounced for Black
households with income above the national median. The latter face 40 percent higher
price volatility than both poorer households of the same race and white households of
similar income. To evaluate the effects of policy, we propose a New Keynesian framework
with heterogeneous exposure to employment and price volatility. We find that an
accommodative monetary stance generates asymmetric outcomes within race groups.
Low-income households experience unemployment stabilization benefits, while high-
income ones incur real income volatility costs. Differences are especially large among Black
households. Reducing the volatility of unemployment by 1 percentage point engenders a
1.17 percentage point reduction in overall income volatility for poorer Black households,
but an increase of 0.6 percentage points in income volatility for richer Black households.
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1 Introduction

Disparities in economic well-being between Black and white Americans have proven excep-
tionally persistent.! Several decades after the passing of the Civil Rights legislation, Black
Americans remain more likely to be unemployed than white Americans, are less likely to
access unemployment insurance, their earnings are on average lower, and so are their wealth
accumulation rates, home-ownership rates, and access to credifd signibcant portion of
these gaps remains unexplained after accounting for observable factors such as age, educa-
tion, or income? In this paper, we further document racialized disparities in householdsO
exposure to business cycles and inf3ationary shocks and how sudredgnces translate into
heterogeneous!escts of monetary policy.

A robust policy debate on how to best address economic disparities between Black and
white Americans is ongoing. To the extent that these gaps extend to a variety of labor
market variables, the discussion has given rise to calls for monetary policy to take racialized
di! erences into account. Our paper contributes directly to this debate by measuring the
di! erential impacts of alternative monetary policy strategies on terent racial groups.

We start with a conceptual insight. While the potential for monetary policy to & ect long-run
unemployment rates is open for debate, workhorse models imply that it can play a signibcant
role in stabilizing unemployment over the business cycle. Similarly, while real wages may
not depend on monetary policy over the long run, they might be sensitive to Buctuations in
inBation at higher frequencies. Accordingly, we investigate whether monetary policy is an
el ective means of reducing racial disparities in real inconwelatility and show how volatility
relates to householdsO well-being.

IHere and throughout the text, we follow the New York Times editorial board standard in capitalizing
OBlackO and not OwhiteO. As they explain, O[w]hite does not represent a shared culture and history in the
way Black does, and also has long been capitalized by hate groups.O We also follow sociological and medical
literature in distinguishing between racial and racialized dil erences. To quote from the American Heart
Association (Taylor, 2015, Oracial di erences are understood to be clinical, biological, genetic, or epigenetic
factors associated with disease risk, outcome, or treatments. Racialized disparities are caused by social
factors that vary in prevalence in population groups.O

2SeeDaly, Hobijn and Pedtke (2020; Skandalis, Marinescu and Massenko (2022; Hurst, Rubinstein
and Shimizu (2024); Derenoncourt, Kim, Kuhn and Schularick (2024.

3As noted in Cajner, Radler, Ratner and Vidangos(2017), and further documented in Section 3.

4In particular, these calls include explicit legislation to this e! ect proposed in Congress, the Federal
Reserve Racial and Economic Equity Act (2022). This reads, OThe Board of Governors and the FOMC shall
exercise all duties and functions in a manner that fosters the elimination of disparities across racial and
ethnic groups with respect to employment, income, wealth, and access to! ardable credit.O Furthermore,
the Statement on Longer Run Goals and Monetary Policy Strategy adopted by the Federal Reserve in 2024,
states that it pursues Omaximum employment (as) éroad-based and inclusivegoalO (Statement on Longer-
Run Goals and Monetary Policy Strategy, 2024, italics added)



Next, we provide empirical context. We do this by investigating the components of real
income volatility plausibly a! ected by monetary policy. First, we der a comprehensive
review of racialized di erences in unemployment rates. While the level 'derences are well-
known, one less-appreciated fact is that (conditional on the levels) the cyclical properties
of Black and white unemployment are similar. Similar unemployment cyclicality, together
with a higher unemployment level, implies that Black families are overall more exposed to
Buctuations in aggregate employment.

Then, we document that the average price volatility facing Black families is higher than
for white families. This dil erence is entirely accounted for by above-median-income Black
families, who face 40 percent higher price volatility than both poorer households of the same
race and white households of similar income levels. Higher price volatility for richer Black
householdsO consumption bundle implies that these families are more exposed to Buctuations
in aggregate prices than any other group.

When we investigate why high-income Black families face disproportionately more volatile
prices than their white counterparts, we bnd that transportation and visible goods play
an important role. Such consumption patterns are consistent with the pndings of a well-
developed literature on conspicuous consumption and an acceleration in Black suburbaniza-
tion (Charles, Hurst and Roussanqv2009 Bartik and Mast, 2027. The signaling value of
visible consumption and longer commutes plausibly account for richer Black familiesO spe-
cibc consumption patterns, which feature disproportionate expenditures on vehicles, vehicle-
related goods, and gasoline. This unique pattern of consumption exposes them to higher
price volatility than both poorer Black families and white families of similar income. We see
this evidence as a primary reason in favor of explicitly distinguishing between income and
race when evaluating the heterogeneousects of monetary policy.

After documenting empirical di erences in real income volatility (either because of Buctu-
ations in employment or prices), we quantify the idea that monetary policy has a role in
addressing them. In particular, we ask whether a more accommodative monetary policy N
one that tolerates larger volatility in in3ation in exchange for greater stability in unemploy-
ment N can disproportionately benebt Black Americans.

We propose a model in which Black and white households havé eient incomes and consume
di! erent consumption bundles accordingly, with richer Black householdsO consumption more
concentrated in goods with more 3exible prices (such as fuel and vehicles). At the same time,
the wages of all households are nominally sticky, but, as in the data, aggregate demand for
labor of Black households Ructuates more strongly than for white ones. The model thus



captures the greater exposure of Black householdstioth in3ationary shocks and aggregate
unemployment Buctuations.

A trade-0! arises for the monetary authority, which can be expressed as a negative relation-
ship between changes in unemployment and changes in prices (i.e., as Phillips curves). As a
result, any policy stabilizing unemployment would benebt households with high unemploy-
ment rates, but potentially harm those with consumption baskets concentrated in Rexibly
priced goods. Given similar degrees of wage Rexibility, and the fact that Black households
are, on average, more exposed tmth unemployment and price volatility, the relative gains

of more accommodative monetary policy for Black households are qualitatively ambiguous.

Within the context of our model, we derive a set of sucient statistics to assess the trade-
o! s in real income volatility. We show that, for any given household, the relative gains from
accommodative monetary policy, in terms of stability of income, are (i) positively related
to the householdOs long-run unemployment rate; and, (i) inversely related to thé elience
between the slope of price and wage Phillips Curves faced by that specibc household.

The su' cient statistics we propose allow us to adjudicate the net gains from accommodative
policy. Quantifying the relevant trade-d s for di! erent racial and income groups requires
measures of each groupOs long-run unemployment rate and group-specibPc wage and price
Phillips Curves. We provide, therefore, race- and income-specibc estimates of those Phillips
Curve co€ cients which are, to the best of our knowledge, new to the literature. We obtain
these estimates through a novel and intuitive empirical strategy, which exploits the persistent
aggregate demand shortfall in the aftermath of the Great Recession as an instrumental
variable.

With the requisite statistics at hand, we examine the trade-o between unemployment and
price stabilization through a racialized lens. We bnd that accommodative monetary policy
is particularly benebcial for low-income Black households, since those have very high un-
employment rates. It is also benebcial for low-income white households, though to a lesser
extent. The policy is, instead, detrimental to high-income households of any race. This is
true even though high-income Black households have almost twice the unemployment rates as
white households of similar income, because they also face signibcantly higher price volatil-
ity than these households. Indeed, the relative benebts they receive from unemployment
stabilization is more than d set by their higher sensitivity to price RBuctuations. Di erences
between poorer and richer households are especially pronounced among Black households.
Reducing the volatility of unemployment by 1 percentage point engenders a 1.17 percentage
point reduction in overall real income volatility for poorer Black households, but amcrease



of 0.6 percentage points in real income volatility for richer Black households.

The break-down by income reveals what is hidden by a purely race-based lens. Pooling
households by race implies virtually no benepbt (nor cost) from stabilizing unemployment for
white households N but a clear relative gain to Black ones. A pure racial lens, therefore,
under-emphasizes both the benebts of greater unemployment stabilization to low-income
white households, and the costs to high-income Black households.

Contribution to the literature Our paper primarily contributes to an emerging liter-
ature assessing how minority or historically marginalized groups areé ected by a variety
of monetary policy decisions. This literature includes insightful recent work bartscher,
Schularick, Kuhn and Wachtel(2022 and Nakajima (2023, who study racial inequality in
income and wealth empirically and quantitatively, respectively. Other recent papers, such
as Caire and Lipton (2023 and Lahcen, Baughman and van Buggenur(2023, study the
racial unemployment gap, whileKuhn, Schularick and Steins(2020Q, Derenoncourt, Kim,
Kuhn and Schularick (2023 and Derenoncourt et al.(2029 highlight the role of the wealth
gap. Our work emphasizes heterogeneity in real income volatility, instead, and investigates
the contribution of both unemployment and price volatility di! erentials to Buctuations in
real income®

We also contribute to a growing literature on the measurement of inRation inequality. Several
studies estimate inf3ation inequality by calculating group-specibc consumption expenditures
from the Consumer Expenditure SurveyHKobijn and Lagakos 2005 Jaravel, 2019 Cravino,
Lan and Levchenko202Q Del Canto, Grigsby, Qian and Walsh2023. Recent studies use the
Nielsen data, that covers consumer packaged goods, and exploit group-specibPc consumption
expenditures and prices paidKaplan and Schulhofer-Woh| 2017 Argente and Leg 202J).

All these papers study inf3ation inequality acrosgncome groups. Our paper is one of the
Prst papers focusing on ination inequality acrogsce groups. To this point, our paper
emphasizes the need to study racial inequality in inf3atioseparatelyfrom income inequality.
Indeed, we bnd that racialized dierences in the volatility of prices are, in fact, signibcantly
more pronounced among high-income households of elient races than across race groups

SA parallel strand of the literature focuses more generally on how concerns for inequality may inform
monetary policy decisions, including Acharya, Challe and Dogra (2023, Bilbiie, Monacelli and Perotti
(2024, and McKay and Wolf (2023 among others. Bergman, Born, Matsa and Weber (2024 emphasize
heterogeneous kects of monetary policy on workers with di erent levels of labor force attachment, but
abstract from race per se

6Ganong, Jones, Noel, Greig, Farrell and Wheat(2020 show that Oincome volatility has a substantial
welfare cost for all groups, and further that the cost is substantially larger for Black and Hispanic households
than it is for White households.O Our work complements their Pndings as we @r direct evidence of racialized
di! erences in the consumption basket.



overall.

Our work also relates to a vast theoretical and quantitative literature on monetary policy:
Christiano, Eichenbaum and Trabandt(2016, Gald, Smets and Wouter$2019, Gertler,
Sala and Trigari (2009 and Krause and Lubik (2007 also formally model unemployment
within New Keynesian setups. Our model is itself a two-agent new Keynesian model, with
heterogeneity in exposure to labor market Buctuations.

Structure of the paper Section 2 introduces our conceptual framework to anchor the
empirical analysis. This follows in sectior8, where we investigate in detail dierences in
unemployment (section3.3) and prices (section3.4). Section 4 fully develops our model
into a quantitative framework, and proposes a set of Swient statistics to assess the net
gains from di erent policy stances (sectiod.5). We calibrate and estimate all the relevant
parameters of the model in sectioB, and illustrate our policy analysis in sectiorb.2. Section

6 concludes.

2 Real income

We start by describing how changes in real economic activity and in3ation ect the degree

to which the income of di erent groups Buctuates. First, we lay out our debnitions for real
income and specify the appropriate price indices. Then, we propose an approximation for
the volatility of real income, which has intuitive appeal and a clean welfare interpretation
under conditions discussed in more detail in sectioh.5. The debnitions laid out in this
section provide the conceptual basis to empirically account for heterogeneity in real income
volatility across people. A key source of heterogeneity is that!dérent groups may consume
di! erent consumption baskets, leading to Hering exposure to inRationary shocks. In our
application, those groups will be either race or income (or both), but the framework can be
readily extended to other cuts of the data.

2.1 Debnitions

We follow the convention adopted by most statistical agencies of constructing price indices
by taking observed expenditure shares as weights. We also focus on labor income, since it
is the most relevant component of income for a large fraction of the population, including
many who have illiquid assets that cannot be readily used to smooth the exts of labor



income shocks. The key contribution that we detail here is the construction of price indices
that are group-specibc.

At a given time t, we debne thaeal labor income of a household in group k to be

Wk
Y¥ = P—tli(ll uy), (1)
whereY/k is real income, W is nominal wage,P/ is a price index anduk is the unemployment

rate.

Price indices P reRect prices of the same underlying set of goods but dr across groups
because of diering weights. In particular,

kol j
P_f = I !<P_t 2)
P& I p)
t j !
. j kj
where P/ is the price of goodj in yeart, and ! J" = ,Lﬂk’ is the share of expenditures

]
P C;

in a reference yeat'. Weights are group-specibc, refiecting!cﬁrent consumption baskets.
Note that while the price index is group-specibc, prices of individual goofisare not® We
also allow for wages and unemployment rates to be group-specibc, which may stem from
di! erences in human capital and geography, or be understood as a function of labor market
discrimination.

For our analysis, it is worth focusing on the following log-linear approximation to real income:

VAR AN Ay (uk ! U, 3)

1! uk

with

where the hat denotes log deviations from average. The approximation becomes better as
those deviations approach zero.

"This lens complements the one byBartscher et al. (2022, for instance, who focus on wealth and asset
accumulation € ects.

8Empirically, we verify that this is not a bad approximation after all when applied to price indices by
racial groups. See table2 and related discussion.



2.2 \Volatility

Households care about income volatility, as in most circumstances, it will inBuence the
volatility of their consumption. We can approximate thevolatility of real income  of
group k by®

$.,, % $ %

Yk n 11 " 1
var Y—lk var(Y¥) = var W¥! pfi m(u'{! uk)

wherevar is the variance. It follows immediately from the expression above that the variance
of real income depends not only on the variances of unemployment rate, nominal wages, and
prices, but also on their covariances. Therefore, measuring group-specibc income volatility
requires measuringgroup-speciPcnominal wages, prices, and unemployment rates for each
group, a task we undertake in Sectior8 below. Monetary policy has an impact on both
variances and covariances, so our analysis of itseets on income volatility will take both
into consideration (sectiond).

3 Racialized volatility gaps

3.1 Data

We construct real labor income measures using a variety of microdata sources. In particular,
we use data on wages, unemployment rates, and prices for the years 1998-2019, using the
Current Population Survey (CPS), the BLS-CPI, and the Consumer Expenditure Survey
(CES). We complement our analysis of unemployment and wages with data from the Amer-
ican Community Survey (ACS), the 2000 Census, and the Occupational Employment and
Wages Statistics (OEWS). Throughout, we dePne OBlackO as all individuals in the data who
identify as OAfrican-American or Black, aloneO and OwhiteO as all CPS respondents who
identify as Owhite alone.®

To help isolate the direct role of race from thele=cts of other socioeconomic characteristics
that correlate with (and may be caused by) race, we create what we refer to as a Ocounterfac-
tual whiteO population or a Osynthetic control.O We reweigh white households in our various
samples to reproduce basic demographic characteristics of Black households along gender,
age, marital status, educational attainment, and occupatio®: In other words, we build

9See propositionl in Section 4.5.

O)nclusion of respondents who identify as multi-racial does not change our results, but we restrict our
dePbnition to single-race individuals, not Hispanic/Latinos, to be consistent with the literature (see, for
example, Cajner et al. (2017).

1\We use 4 educational categories: less than high school, high school diploma or equivalent, some college

8



counterfactual average measures of white householdsO inRation, wages, unemployment, and
real income, that would hold if white households had the same educational, age, and gender
composition as Black households. The re-weighted white households can be interpreted as a
Osynthetic controlO that matches various characteristics of Black households N but not their
race.

3.2 Real income

We document sizeable racialized disparities in the cyclical sensitivity of real labor income,
explore its component parts, and show that those disparities cannot be easily traced to dif-
ferences in observable socio-economic characteristics between Black and white households.
Furthermore, absent perfect insurance, those disparities lead to larger 3uctuations in dispos-
able resources for Black households, and plausibly in consumption and well-béihg.

Our measure of real income follows the discussion in secti@rl and is equal toY}X =
WEIP f# (1! uf), wherek takes valuesB or w for Black or white, Y, is real labor income,
W{/P X is the average real wage for individuals in grouk, and uf is the unemployment rate

for group k. Table 1 shows the standard deviation of real income, as well as of incomeQOs
componentst?

On average, we bnd that real income is more volatile for Black households than for white
ones in the period 1998-2019. The brst column of tallleshows that the standard deviation

of real income is 35% higher for Black households below the median income than for white
households in the same income bracket. The!dirence is even larger for households whose
income is above the national median, with richer Black households facing 96% more volatile
real income than white ones of similar income.

For households below median income, both the volatility of the unemployment rate and that
of real wages are about 30-35% higher for Black than for white households. For households
above the median income, the volatility of the unemployment rate and that of real wages

but no degree, 4-year college and above. We use 5 occupational categories corresponding to 1-digit SOC
codes.

121n terms of the decomposition of welfare inDavila and Schaab(2022, the disparities in the cyclicality
of welfare imply gains from stabilization policy that go beyond macroeconomic stability to include increased
insurance.

3We compute hourly wages using information on weekly earnings, weeks worked, and hours worked from
the Current Population Survey Annual Social and Economic Supplement (CPS-ASEC) for the years 1998-
2019. We exclude part-time workers, so to divide earnings by 40, and winsorize wage values at the top and
bottom 0.5%, to avoid inBuence from outliers. In all calculations, we use log wages residualized on gender,
age and age square, education, state of residence, class of worker, and occupation at the SOC 1-digit level
(5 categories). We then divide by CPI and obtain real wages.



Table 1: Standard deviations of the components of real labor income

real income unemployment real wage CPI

(a) Black, low Y 2.24% 1.55% 2.00% 1.41%
(b) White, low Y 1.66% 1.15% 1.53% 1.43%
(c) Black, high Y 2.58% 0.80% 2.64%  2.03%
(d) White, high Y 1.31% 0.48% 1.47%  1.41%
ratio (a/b) 1.35 1.35 1.30 0.98
ratio (c/d) 1.96 1.68 1.81 1.44

Note: all monthly data series are detrended according tdHodrick and Prescott (1997, with
the recommended rescaling factor inRavn and Uhlig (2002). Real income is constructed
by authors according to equation 1. Wages are computed for full-time workers, expressed
in logs, and residualized on gender, education, age, state, class of worker, and 1-digit SOC
occupations. Source: CPS-ASEC and CPI microdata 1998-2019.

are 68% and 81% higher, respectively, for Black than for white households. Prices are about
equally as volatile for poorer households of Iderent races. For richer households, instead,
there is a signibcant divide: prices are 44% more volatile for Black households with income
above the median, vis-a-vis white ones with similar income.

We now discuss unemployment and prices in more detail, providing context for the disparities
we found in the data.

3.3 Unemployment

Overall, the unemployment rate for Black prime-age workers is more volatile than for cor-
responding white workers N this is true for both workers in low-income households and
richer ones. The higher volatility of Black unemployment can be traced to its overall higher
level. Figure 1 depicts the unemployment rate for Black and white workers for the period
1978-2019 from the Current Population Survey (CPS). From the bgure, it is apparent that
Black unemployment is close to twice as large as white unemployment throughout the period
(as documented, among many others, bgayer and Charles(2019, Chetty et al. (2020,
Derenoncourt and Montialoux(2021). Furthermore, Black and white unemployment exhibit
remarkably similar movements when normalized by their own averagesy(/ ay), where g

is average unemployment for grouf. Sincestd(1! uy:) = std(ux:) = @ std (ux./ B), those
facts together imply that the high average unemployment rate for Black households implies
higher volatility in their employmentrate.

The ratio of unemployment rates shown in Figurel is remarkably stable over time, and
approximately equal to 2, thus suggesting that monetary policy and other cyclical stabi-
lization tools are unlikely to & ect it. In our analysis, we therefore take the gap between

10



Figure 1: The level of unemployment is always higher for Black than white people, but
Buctuations over the cycle are similar.

Unemployment rate
Unemployment rate

T T T T T T T T T T
1980.01 1990.01 2000.01 2010.01 2020.01 1980.01 1990.01 2000.01 2010.01 2020.01

white —— Black counterfactual white white, normalized —— Black, normalized

Note: left panel in percentage points, right panel as a ratio the seriesO own mean. Source:
CPS microdata 1976-2019.

unemployment rates asstructural to monetary policy.

Little of the racialized disparity in unemployment rates is accounted for by observables. The
gap in the data is over and above what would be implied by derences in socio-economic
variables such as age, gender, marital status, educational attainment, and occupation of
employment (Cajner et al, 2017. Figure 1 illustrates this point by depicting three time-
series. Black unemployment (solid black line), white unemployment (solid teal line), and
the unemployment rate that white workers would have if they had (i) the demographic
and occupational composition oBlack workers, but (ii) the unemployment rate ofwhite
workers in each specibc demographic-occupational group (Ocounterfactual whiteO, dashed
grey line). The counterfactual white unemployment rate is barely distinguishable from the
actual unemployment rate of white workers in the data. We take this as further evidence
that di! erences in observable characteristics do not explain the unemployment gap between
Black and white workers.

Remarkably, unemployment for Black workers remains about twice as large as that for white
workers even when we focus only on households who rarely experience unemployment spells
to begin with, that is, those with income above the national median. Figur@ depicts
unemployment rates by race and household income. The unemployment rate for Black
workers whose household income is below the national median (OpoorO) is about twice as
large as for workers who are poor but white. Similarly, the unemployment rate for Black
workers whose household income @&bovethe national median (OrichO) is also about twice

as large as rich white workers.

11



Figure 2: Unemployment rate for by race and household income.
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—— Black, above median income —— White, above median income
—— Black, below median income —— White, below median income

Note: the median household income threshold is computed nationwide, year-by-year. Source:
CPS-ASEC microdata 1976-2019.

3.4 InRRation

We now show how the incidence of inf3ation Hers across households. We document that
the prices of goods and services consumed by Black households are more volatile than those
consumed by white households. Furthermore, practically all of the!derence is accounted for

by disparities between households of lderent races with income above the national median.

Table 2 presents the duration of prices, the frequency of price changes, and the standard
deviation of in3ation for Black and white households of any income bracket. To construct the
table, we combine three sources of data. The prst is the US Consumer Expenditure Survey
(CES), from which we obtain expenditure shares across detailed product categories for Black
and white households. We use the consumption basket of Black and white households in
2015, which is neither in recession nor boom. The second data source is the measures of
price stickiness constructed byNakamura and Steinssor(2008, who report the frequency

of price adjustment for detailed product categories in the US Consumer Price Index (CPI)
for 1998-2005. The third source is the item-level consumer price data from the US Bureau
of Labor Statistics (BLS) from January 1998 to December 2020. Those are the most bPnely
disaggregated consumer prices publicly available. Combining the brst and the second data
sources, 472 Universal Classibcation Code (UCC) categories in the CES are matched to 254
Entry Level Items (ELIS) in Nakamura and Steinssor(2009. Combining the brst and the
third data sources, 352 UCC categories in the CES are matched to 138 Item Strata in the

12



Table 2: Black households are more exposed to price volatility, mostly on account of elient
consumption baskets.

counterfactual
Black white white
Duration of all prices (in months) 8.07 8.51 8.45
Duration of regular prices (in months) 12.12 12.59 12.63
Frequency of all price changes (in %) 30.16 28.67 29.13
Frequency of regular price changes (in %) 23.94 22.87 23.37
Black  white #B"w
Standard deviation of CPI (CES 1998-2020) 2.48% 2.30% 7.8
Standard deviation of CPI (Nielsen 2004-2020) 0.84% 0.74% 13.5
N di! erent consumption basket 9.3
N di! erent price changes 4.2

Note: this table reports the weighted mean duration of prices, the weighted mean frequency
of price changes, and the standard deviation of the 12-month log change in CPI for Black and
white households. Source: CPI and ACS microdata. Nielsen data on a quarter-to-quarter
basis from Lee (2022.

BLS data*

The top panel of table2 reports the mean duration of prices weighted by consumption shares

in each category. Rows labeled Oall pricesO include sales, while those labeled Oregular prices
changesO exclude sales. The mean duration is 8.07 months for Black households and 8.51
months for white households, which means that the prices of the goods consumed by Black
households are less sticky. Duration of prices in a product category can be converted to
frequency of price change®s. The mean frequency of all price changes is such that 30.16% of
prices change in a month for Black households and 28.67% for white households (third row of
table 2). Excluding sales, the results are qualitatively similar. The bottom panel of tablg
shows the standard deviation of CPI for Black and white households calculated from January
1998 to December 2019. The standard deviation is 2.48 percent for Black households and
2.30 percent for white households. We conclude that Black householdsO consumption bundles
are tilted towards goods that have more frequent price adjustments and, accordingly, that
they face price volatility that is 8 percent higher than the one faced by white households.

14\We use the most recent concordancewww.bls.gov/cpi/additional-resources/ce-cpi-concordance.htm
1SA constant hazard of ! of price change implies a monthly probability of a price change equal td =
1! €', Thisimplies! =! In(1! f)andd=1/! =1 2/ In(1! f).
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How much of the racialized dierence in price volatility is accounted for by dierent goods
and services, and how much by tierent frequencies of price changes within group categories?
To answer this question,Lee (2029 uses Oa longitudinal panel of about 60,000 U.S. house-
holds that continually provide information about what products they buy and when and
where they make purchases®. The data spans the period 2004-2020. During these years,
the standard deviation of CPl was 0.84 for Black households and 0.74 for White house-
holds. In other words, Black households faced 13.5 percent higher inf3ation volatility, a value
comparable to the 8 percent dierence this paper documents from CES. The Nielsen panel,
however, also allows researchers to decomposeedences in total volatility across races into
two components: one that originates in race-specibc consumption baskets and one that in-
stead takes into account race-specibc price changes. Most of theedent inf3ation volatility
between Black and white households is accounted for byl érent consumption baskets (69
percent). Di! erent price changes also contribute to the racialized gap in price volatility, but
their contribution is quantitatively smaller (31 percent).

3.4.1 Income di ! erences v. racialized di ! erences

The Pndings described in the previous section are consistent wi@ravino et al. (2020.
They bnd that the prices of the goods and services consumed by high-income households
are stickier and less volatile than those consumed by middle-income households. Part of our
Pnding, therefore, relRects overall income!dirences between Black and white householtis.
We next show more explicitly that, in addition, there is a distinct racialized component in
consumption patterns, thus in the volatility of consumption prices.

We compare households of Herent races in the same income group; below or above median
income $62.6k). We bnd that racialized dierences in the volatility of prices are entirely
accounted for by di erences between Black and white households who have income above the
median (table 3). In particular, while the volatility of prices is very similar for poor families,
regardless of their race, for higher-income families, Black ones face 3.45 percent volatility v.
2.43 for white families (a two-bfths increase).

We then inspect consumption patterns more closely (tablé) between high-income Black
and white households. Among households whose income is above the national median, a
large part of the dil erences in price volatility is accounted for by the fact that Black families

181n this data, race is self-reported and about 10 percent of households identify as Black, with over 80
percent reporting OwhiteO instead.

7Indeed, when reweighing consumption baskets of white by BlackOs socio-economic characteristics such
as gender, age, marital status, and education, we bnd that the gap between Black and white CPI volatility
is somewhat smaller, as shown in the last column of tabl@.
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Table 3: Volatility of prices for lower-income households is similar across race groups. On the
other hand, richer Black households experience higher volatility than poorer Black house-
holds and white households of similar income.

Below median Above median
income income
Black white | Black white

Standard deviation of CPI 2.44 248 3.45 2.43

% HHs in income bracket 65 45 35 55

Note: The table reports the mean duration of prices, weighted by expenditure shares, and
the standard deviation of the 12-month log change in CPI for Black and white households in
the same income group. Median income is 62.6k per household. Source: CPI-CES microdata
1998-2019.

spend disproportionately more than white families on vehicle-related goods and services.
These include gasoline, motor vehicle maintenance and servicing, vehicle leasing, and motor
vehicle insurance. What are the reasons behind these disparities? Prior literature suggests
that two race-specibc factors are at play.

Visible consumption is one.Charles et al.(2009 document that Black and Hispanic families
allocate a disproportionate share of their income to goods signaling their socio-economic
status, such as clothing, jewelry, and cars. While race-specibc preferences may play a role,
Charles et al.(2009 emphasize visible consumption as a way to overcome statistical discrim-
ination and stereotypes that confRate being Black with being poor. Specibc Black consumers
may want to signal they donOt bt in this statistical simpliPcation, perhaps to receive better
service while shopping or on the road, for instance. These consumers do so via the consump-
tion of goods typically associated with high income N one of them is larger, more luxurious
cars (which consume larger amounts of gasoline and whose parts and repairs are more costly
than smaller cars).

The legacy of a long history of housing discrimination also plausibly contributes to expendi-
ture di! erences.Fu, Rolheiser and Severe(2024 document, for instance, how Black workers
commute longer times to and from work, partially as a result of geographical segregation
(nowadaysde factqg but de jure in the past). Racialized dl erences in commuting persist
when zooming in on higher-income workers who commute primarily by car (as opposed to
public transport). Bartik and Mast (202 also document the accelerating suburbanization

of Black households, especially those with higher incomes. As richer Black households move
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out from city centers, their commute lengthens disproportionately since they tend to remain
in larger cities. Therefore, their consumption of vehicle-related goods also increases dis-
proportionately. The recent and accelerating suburbanization of (richer) Black households

may, therefore, contribute to these householdsO disproportionate expenditure on gasoline and
related goods.
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Table 4: Prices change more frequently for goods on which high-income Black households spend more relative to high-income white

households.

share share share terence| duration duration

Category Black white  (Black-white) | all prices regular prices
Top 10, larger expenditure shares by high-income Black households
Gasoline 12.89% 8.55% 4.34% 0.5 0.5
Limited Service Meals and Snacks 553% 4.19% 1.34% 13.8 15.8
Motor Vehicle Maintenance and Servicing 1.28% 0.79% 0.48% 8.4 8.8
Vehicle Leasing 0.99% 0.51% 0.48% 1.8 1.8
Motor Vehicle Insurance 3.19% 2.71% 0.48% 11.8 11.8
Wireless Phone Service 1.79% 1.32% 0.47% 7.2 7.2
Electricity 2.02% 1.58% 0.44% 2.1 2.1
Laundry and Dry Cleaning Services 0.65% 0.26% 0.39% 29.7 33.0
Nonfrozen Noncarbonated Juices and Drinks 1.02% 0.64% 0.38% 2.9 8.1
Cable and Satellite Television Service 2.53% 2.15% 0.37% 7.3 7.6
Mean 8.5 9.7
Median 7.2 7.8
Top 10, larger expenditure shares by high-income white households

Club Dues and Fees For Participant Sports/Group Exercises 0.68% 0.98% -0.31% 7.4 11.2
Veterinarian Services 0.14% 0.50% -0.36% 11.0 11.0
Purchase Of Pets, Pet Supplies, Accessories 0.07% 0.44% -0.36%| 13.6 23.6
Household Decorative Items and Clocks 0.07% 0.44% -0.37% 6.0 51.9
Day Care and Preschool 0.62% 1.05% -0.43% 14.0 14.0
New Car and Truck Purchase 0.43% 0.87% -0.43% 2.7 2.7
Alcoholic Beverages Away From Home 0.13% 0.59% -0.46% 18.6 19.5
Pet Food 0.25% 0.77% -0.52% 4.1 14.2
Full Service Meals and Snacks 3.43% 4.61% -1.18% 19.2 19.5
Outboard Motors and Powered Sports Vehicles 0.00% 1.60% -1.60% 8.7 11.7
Mean 10.5 17.9
Median 9.8 14.1

Note: This table reports the categories with the largest dl erences in expenditure shares between Black and white households and the frequency of price changes.
Averages and medians are equal weighted across the ten top categories for each grotfmkamura and Steinsson(2008 provides duration for three di! erent gasoline
(regular, mid-grade, and premium) but the CES only provides the total consumption of gasoline. We take the average duration across three categories.



4  Monetary policy framework

We now set up a model with sticky prices and wages, and workers with! drent exposure
to unemployment and inRation RBuctuations® The structural model provides the basis for
the Phillips curve estimates and quantibcation of policy tradels in Section5.

The framework takes the vantage point of a monetary authority that does not have instru-
ments to d ect racial di erences in preferences and labor market institutions and can only
inBuence aggregate outcomes.

Relative to a standard new Keynesian framework, the model features:
1. Multiple sectors with di! erent degrees of price stickiness.

2. Heterogeneous groups of workers with !derent consumption baskets and exposure to
unemployment RBuctuations (Black and white workers, with dierent levels of income).

3. A structural gap in cyclical unemployment Ructuations modeled after the empirically
observed gap in cyclical unemployment risk between Black and white workers.

The model has two periods, indexefl0, 1}, with output and consumption happening entirely

in the second period. In the Prst period (period 0), some households and Prms choose wages
and prices that they will charge in the second period (period 1). In period 1, there is then a
cost-push shock to which the monetary authority reacts. The remaining Prms and households
choose wages and prices, determining the equilibrium level of in3ation, unemployment, and
real income for di erent groups.

4.1 Households

There are four large households, indexed by their race and income leke$ {B, W }# {H,L}.

To allow for wage stickiness and unemployment, we follow the basic structure Gald et al.
(2019. Each of these households consist of a double-continuum of workers indexed by
i $ [0,1], representing the type of labor service provided by the worker, arel $ [0, 1]
determining their disutility from work. In particular, workers of type s have utility from
leisure proportional to g(s), with g increasing ins.

B\We present the main model equations in the text, but refer the reader to appendixA for details and
derivations.
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4.1.1 Consumption

In period t = 1, household members consume varieties (index&yl produced inJ di! erent
sectorsj = {1,...,d}. Those are aggregated into a consumption composite through a CES
over varieties, nested into a Cobb-Douglas aggregator over sectors:

' (|kj )* + [ R

. . : . . 1= ! 1 .
Ck= c¥/rkw | with CN = C¥(v) J${L...,3},
j=1
where C¥ is the household-speciPconsumption composite, andii‘j are sector-specibc com-
posites of varieties." is the elasticity of substitution between varieties.

The share of each sectorOs goods consumed by househadtd denoted by! K and is a
household-specibc parameter capturing the observation that consumption composites are
di! erent for di! erent types of households. Because of this, households experienterdnt
inRation rates.

Households assign the same consumption to all members. Furthermore, for any given variety
of labor i, the householdOs head always selects members with the lowest utility of leisure.
Given these assignment rules, households choose wages and consumptiorl efedit goods

to maximize the aggregated utility function:

*

S R TOHO R

where NX(i) is the total amount demanded of labor of typei supplied by household of
pe k and # > 0 is_the coé& cient of relative risk aversion'® Furthermore, H(NX(i)) =
g(s)(1! N{)ds = Nllk(i) g(s)ds captures the utility of leisure given employment of each

type i and optimal assignment of types to work or not. Households maximize aggregated

utility, subject to the aggregated budget constraint

*
PPCY = Ni(HW()di
j
1o, L, 21 : - -
whereP{ =  py(v)¥ #*dv " is the price of the cost-minimizing bundle of varieties within
each sector withp"l(v) is the price of variety v in sectorj .

Utility maximization also implies the household-specibprice index:

19See the appendixA.1 for details of derivation.
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The index is household-specibc because their consumption basket&di To the extent that
prices of dl erent goods react dierently to inf3ation, this leads to di erent exposures to
inRationary shocks.

4.1.2 Wage setting

The wage setting followsGal®d et al(2019. For tractability, the setup includes an additional
layer of employment agencies that hire tierentiated worker services and transform them into

a homogeneous input used by Pnal goods producers. Workers have market power vis-a-vis
those employment agencies and set wages optiméfly.

Employment agency Prms hire workers of derent typesi and householdk, and aggregate
their services into one homogeneous input used by the Pnal goods producers according to
a CES production function with elasticity of SUI?S'[I'[UIIOI’] $. Demand for variety of labori
supplied by householdk is Né‘(l) = \/Vk(l)/W" Nl, where WX(i) is the nominal wage

of type i workers andW;, = [ Wf(l) d|]l " is the wage index for househol# implied

by cost-minimization by the employment agency, witiN ¥ is the overall demand for labor of
type k by the employment agency.

The model captures the dierential behavior of unemployment rates through the hiring
behavior of employment agencies. Namely, employment agencies are constrained to hiring
workers of dl erent groups in an exogenously bPxed proportion. In particular, for any group
K,

uk g

Uk U
This constraint ensures that the ratio unemployment gaps between groups remain constant
over the business cycle, which they mostly do in the data (Pgueg It is a stark but straight-
forward, reduced-form way to encode the various sources of racial and income disparities,
including possible discrimination, that lead to persistent gaps in employment rates in the

data N which are taken to be invariant to monetary policy.

20As discussed byGalkd et al.(2012), those assumptions are to be interpreted not as realistic features of
the economy but as modeling devices to tractably embed nominal wage rigidities (and resulting equilibrium
unemployment) in the model. Similar devices are standard in New Keynesian models with wage stickiness.
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Labor types di er in the timing of wage-setting. A fraction% of worker types (say, indexed
i %% or below) chooses = 1 wages int = 0, whereas the remaining types choose wages in
t=1.

Using hats to denote log deviations from perfect foresight values, household choices imply the
following wage Phillips Curve, whereX is the elasticity of the marginal rate of substitution
between consumption and leisure, anll is the perfect foresight employment level of the
household?!

(1 %)L+ &)
%(1+ (&)

e = (Uit u). (4)

where' ‘1""" is nominal wage inf3ation for household of typk, between periods 0 and 1.

If there are no shocks int = 1, wages set int = 0 remain optimal, and workers work the
amount they prefer at those wages. Then both unemployment and its natural rate are equal
to the perfect foresight valueu. If, however, labor demand is lower than expected, workers
setting wages int = 1 then choose lower wages, but those who chose their waged m O
cannot. This leads to unemployment rising above, and wage inf3ation falling below, what
was previously expected.

In equilibrium, the unemployment gaps for di erent groups are proportional to the aggregate
unemployment gap, and this is proportional to the deviation between the unemployment rate
and its perfect forecast valuey. It follows that the wage Phillips Curve can be written as a
function of the aggregate unemployment rate:

K= B M)WK (Ut ). (5)

where u; is the aggregate unemployment rate andl Wk = %% is a function of

parameters and the perfect foresight value of the unemployment rates.

4.2 Final Goods Firms

Within each sectorj $ {1,...,J}, monopolistic Pbrms produce Pnal varieties for households

and distribute probts to a separate class of Prm owners who consume all the probts. They
also incur labor hiring costs, which are higher if the unemployment rate is lo%¥. Because

of this, marginal costs may depend on the unemployment rate over and above its impact on

21\We provide a derivation in the appendix A
22SeeRavenna and Walsh (2009 for a model with this characteristic.
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wages, potentially leading to real wages that decline as unemployment gaps tighten. The
(nominal) marginal cost of production is

MC;= €M (uy! u)Wy,

forallj $ {1,...,J}, whereW, is the price of the homogeneous input sold by the employment
agencies. FurthermoreM * < 0, implying that higher unemployment rates reduce hiring
costs, leading to lower marginal costs. Finally;;<s an exogenous cost-push shock, capturing
other sources of marginal cost [Ructuations, such as international commodity prices.

Firms choose (nominal) prices and satisfy the demand for their products at the chosen price.
All proceeds are rebated to and consumed by a separate class of Prm owners. Within each
sectorj, a fraction + of producers sets their price it = 0 and the remaining fraction 1! +,

sets their price int = 1.

Optimal price setting, together with optimal wage setting, and proportional unemployment
gaps, imply the system of sectoral Phillips Curves.

IjleO'\lM! Y (up! ul )

where ' ¥ is the increase in the homogeneous labor input, itself a weighted average of
wage changes?, is the, cost-push shock‘;+ normalized to simplify notation, and)’ &

@ +H), +  n¢ Wk with n the expected proportion of workers of typek. Sectoral
inBation responds more to unemployment to the extent that the fraction of Prms setting
prices late 1! + is larger. For all sectors, sectoral inRation rises relative to expected wage
inBation when either the unemployment rate is low, or when there is a cost-push shock.

Recall that the cost of living index for householdk is given by a weighted average of the
sectoral prices, with sector-specibc weights given by the group-specibc consumption shares
I K, The sectoral Phillips curves can then be aggregated into a group-specibc price-Phillips
Curve as

pkg MY = ES W) Kt Ul ), ©)

3 S
where) = = 1H) K,

23 pgain, see the appendixA for details of the derivation.
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4.3 Monetary Policy

The Central Bank chooses monetary policy to inBuence the various inRation rates N through
the € ect of policy on unemployment via the Phillips Curves. It trades lo inf3ation and
unemployment by letting unemployment rise above its natural rate if inf3ation is high. In
particular, the Central Bank adopts a policy rule tying a weighted average of group-specibc
inRation rates to a weighted average of group-specibc unemployment rates, as follows:

Skepko T kg gk 1 g, (7)
K k

. : . 3
where$; is a contractionary monetary policy shock and we normalize , . ¥ = 1.

In equilibrium, unemployment rates are proportional to one anothen/u® = u,/u), so that
the rule simplibes to

PR = g(ug! u)! %,

k

3
with $ & 4.k

The generic rule in ) can accommodate dierent views and proposals. Monetary policy is
less accommodative if cdecients on' P¥ become larger on average; vice versa, it can reRect

more accommodative policy if the opposite is true.

As far as the Central Bank taking demographic characteristics into account when setting
policy, we note that a monetary policy rule that is neutral with respect to race and income
sets the weights-¥ and . ¥ in proportion to the population of di! erent groups. Since,
by dePnition, u; is the aggregate unemployment, such a neutral policy would imply = 1.
Deviations from this benchmark can be interpreted as deviations from a policy that is neutral
with respect to race and income.

For instance, policy targeting the unemployment rate for Black workers, in place of aver-
age unemployment, would imply setting WH = . Wl =0 and .BH + WL =1, Because
unemployment among Black workers is twice as large as among white workers, this would
imply $ that is twice as large. Under such a rule, the monetary authority would be willing
to tolerate twice as large Buctuations in inf3ation in exchange for the same volatility in ag-
gregate unemployment. It follows that a mandate to stabilize unemployment rates for racial
minorities is equivalent to a mandate to more strongly stabilizaggregateunemployment?*

24This point was also made in the context of a di erent model by Nakajima (2023.
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4.4 Stabilization trade-o !'s

We now consider the impact of a cost-push shock on unemployment and the various
inRBation rates. Combining the policy rule ) with the Phillips Curves (4) and (5), and the
determinant of price index anchoring 2), yields

! E,k — ) p,k(l! 0/0)*1! ) ka$l,
! \1N’k =1 ) W’ko/dcl! ) W'k$.l.s and (8)
up! u= 9%+ $l

where$, is the monetary policy shockbg; normalized for notational simplicity, and%$ [0, 1]

is the sensitivity of unemployment to the cost-push shock under the chosen monetary policy
rule, with / %/ /$ < 0.2° It follows that, as the monetary authority puts more weight on
unemployment rather than inf3ation, unemployment Buctuates less with the cost-push shock
than it would otherwise. To gain intuition, consider two polar cases. In one case, monetary
policy aims to perfectly stabilize unemployment ands' 0. Then, the cost-push shock is
allowed to translate entirely into in3ation. In the other polar case%' 1, and inf3ation

is completely stabilized. Instead, it is unemployment volatility that absorbs the !eect of
the cost shock in its entirety. The trade-b between unemployment and inf3ation volatility
depends on the Phillips Curve paramete) Pk,

Abstracting from monetary policy shocks, real wage changes are given by

1 2
R =L o) P 0 Wi,

so that, in all scenarios, the real wage declines in response to a cost-push shock. This happens
because increases in costs lead to higher prices and, through a contractionary response of
monetary policy (for %> 0), also lower nominal wages.

Putting it all together, we can now consider the impact of a cost-push shock on real income.
In the model, real wages vary with the dierence between relative wage and price inf3ation,
so that ‘W'l‘ ! I':"{‘ =" \1’\’"‘ P i"k. Plugging in the expressions in§) into (1) then yields real
income int =1 as a function of the change in the expected path of the cost-push shocks

$ %

" 1 k
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The cost-push shock kects real income, but the choice of the policy rule N reRected it
N can bu! er or amplify that impact, making income more or less volatile for any household
of type k.

4.5 Volatility and Welfare

We can use equation9) to calculate a second-order approximation for the variance of income
N a measure of its volatility. Within our model, this approximation also characterizes utility
losses when households are strongly risk-averse. The result is summarized in the following
proposition, and we & er a proof in the appendix:

Proposition 1. Let E*; = 0 and var(*;) = 02. Also , supposevar($;) =0, so allt =1
variables are only functions of the realization of,. Then, for small 02,

$ . % -
var -~ =var Yf + 0(0%
Yk ! ’
Whereﬁ'(lk is debned in equation(9), and O(0%) denotes terms that decline at rat@* or more
as 0 approaches zero.

Moreover, denote byJ¥ the utility function for members of househol#. Then,

* $ %0 4 ) $ * %_751--"

. / " B . TF
Eo U CK NX(i,s) dsdi(! ## var Y/! WNf + E U CK NXidi

+ 0(0%) (10)

where b = |UX (Ck,N*)|/U &(CK,N¥) is the perfect foresight ratio of the marginal utility of
leisure to the marginal utility of consumptior?®

The proposition establishes two main points. The brst is that the variance of income is
proportional to the variance of the log-linear approximation of income arount; = 0. The
second is that if the household does not value leisure at the margin (so thiit= 0), there is
a component of utility that declines with the variance of real income, the more so the larger
is their risk aversion?’ More generally, uncertainty will also distort prices and wages, leading

26proof of the proposition is given in appendixB.

27Ganong, Jones, Noel, Greig, Farrell and Wheai{2020 also bnd that Othe[irf] model implies that income
volatility has a substantial welfare cost for all groups. [...] Three s cient statistics are required to calculate
the welfare cost [of income volatility]: the elasticity of consumption with respect to temporary income shocks,
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to welfare losses on average. Average welfare losses depend on the dispersion of prices and
wages induced by nominal stickiness, which induces misallocation and is captured in the
second term in equation {0).%®

We calculate the standard deviation ofY;, following the brst part of Proposition1, using (9).
Then we can evaluate dierent policy rules in terms of how they hect real income volatility
N which, following the second part of1, has welfare implications for each household

One way to express the relevant policy tradela is through the relationship between changes

in real income volatility triggered by *, and variation in the monetary authorityOs stance.
When the Central Bank, for instance, allows the volatility of the unemployment rate to
increase following a cost-push shock (a less accommodative policy stance), how much of the
increased unemployment volatility passes through to real income volatility? These changes
can be expressed as follows:

do(\n(lk) _ 1 uk . K W,k/
do(u,) é-!_ﬁ?_Tb! e)p_!7 9

price channel

(11)

unemployment
channel

where 0(\"(1") is the standard deviation of real income and(u,) the standard deviation of
unemployment induced by*,.

As policy allows for more unemployment volatility, the volatility of real income changes in
response to two channels. The brst one is timemployment channellt captures the direct

el ect of Buctuations in the overall unemployment rate and increases in proportion to the
average rate of unemployment for the group under consideration. White households face
an unemployment rate similar to the national unemployment rate on averagai{/u " 1).
Because of that, increases in the volatility of the unemployment rate translate roughly one-
to-one to increases in the volatility of real income through the unemployment chanrél.in
contrast, Black households face twice the national rate of unemployment on averag@/( "

2). This implies that the same increase in the volatility of the national unemployment rate
translates into close to twice the increase in the volatility of their real income through the
unemployment channel.

A second channel is therice channel It captures how stabilizing unemployment can desta-
bilize real income through its &ects on inRation and real wages. Pk < )Wk prices are

the coet cient of relative risk aversion, and the variance of temporary income shocks.O

28Higher variance in log income around a constant average log income level may also lead to welfare gains
because of JensenOs inequality. Thisect is smaller than the one emphasized here so long 4s> 1.

29We abstract from income heterogeneity in this discussion for ease of exposition.
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less sensitive to unemployment Buctuation than wages. In that case, low unemployment
leads to real wage gains, so households gain from lower unemployment through both chan-
nels. Minimizing Ructuations in unemployment will, in that case, lead unambiguously to
minimizing Ructuations in real income. If, however) Pk > ) W.k prices are more sensitive
to unemployment than wages, and lower unemployment leads to real wage losses. In that
case, the price channel enters with the opposite sign as the unemployment channel. By sta-
bilizing unemployment, then, the monetary authority accepts more volatile inf3ation. With

) Pk > ) WP the empirically relevant case, the monetary authority then faces the following
trade-o : by dampening the éect of cost-push shocks on unemployment, it can protect
households from income Ructuations tied to unemployment, but in exchange for unstable
real wages when they are employed. The net ect on real income volatility is ambiguous
and has to be assessed quantitatively.

As we will see, the ambiguity is especially problematic for proposals to introduce racial
considerations into monetary policy. It is true that all Black households indeed face higher
unemployment rates than white ones regardless of income. However, we also found that richer
Black Americans face substantially higher volatility of prices for their consumption basket
than white Americans of similar income and also than poorer Black Americans. This multi-
layered heterogeneity implies that the racialized!eects of monetary policy are intertwined
with disparities in income, complicating the &ort of focusing on trade-bs with a broad
brush.

5 Quantitative Analysis

Both group-specibc unemployment rates and price and wage Phillips Curve ‘t@gents d ect
the Central BankOs policy tradelss. In this section, we assess all of these factors.

Group-specibc average unemployment rates can be estimated in a straightforward way: by
taking long-run averages of the unemployment series by group based on microdata from
household surveys.

The estimation of Phillips Curve coé& cients is more and more challenging. We leverage infor-
mation from the Great Recession and its aftermath to circumvent some of the identibcation
problems and obtain reliable estimates.
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5.1 Estimation of Phillips curves
5.1.1 Empirical strategy

The model in Section4 implies a system of group-specibc Phillips Curves, trading @ag-
gregate unemployment with group-specibc price and wage inRatith.We estimate their
empirical analogues:

TP ) KUp 1! U )+ IRX (12)

wherec $ {p,W} denotes whether those are price or wage Phillips Curvésgdenotes the race-
by-income group,’ f’k is 12-month inRation, u;. ;, is the long-run structural unemployment
trend as measured by the Congressional Budget' @e, andX is a vector of controls. These,
together with the error term 2%, incorporate the direct é ect of the cost-push shock; on

price in3ation, labor or goods market frictions that &ect price or wage inf3ation for any given

level of the unemployment rates, as well as any measurement error in any of the variaBles.

The main challenge for estimating Phillips Curves, in general, is that a monetary authority
that stabilizes inf3ation induces a correlation between the unemployment rate and the cost-
push shocks in the residuals, biasing the OLS estimates of Phillips Curve ‘tagents towards
zero (McLeay and Tenreyrq 202Q Fitzgerald et al., 2024. Within the model laid out in
Section4, the shock* a! ects price inf3ation through its direct ¢ ect on marginal costs, but
the monetary authority reacts to stabilize inRation so that the unemployment rate also reacts.
The net result is that, as one can see from equation8)( cost-push shocks generate a positive
co-movement between unemployment and inf3ation that is mediated by the monetary policy
choice summarized i®a Therefore, in order to estimate the Phillips Curves, one needs access
to a monetary shock that & ects the unemployment rate directly and only hects inf3ation
indirectly through its e! ect on unemployment. Within the context of the model, this role is
played by the monetary policy shock.%?

To obtain an unbiased estimate of the Phillips Curve cdecients, we leverage the unem-
ployment spike following the collapse of Lehman Brothers in 2008 and its long aftermath.

30The Phillips Curves derived from the two-period model do not include a forward expectational term that
emerges in multi-period Calvo models. For these frameworks, one can write Phillips Curves as a function of
current unemployment analogous to the ones we have here following the stepsazell et al. (2022. In such
settings, the slope of the Phillips Curve depends on the persistence of underlying shocks.

31Frictions are modeled, as it is typical, as shocks to elasticity parameters.

32|n particular, as one can see from equation §), # al ects inRation and unemployment in proportion to
the Phillips Curve coe# cients. Equation (8) also implies that OLS would give anunbiasedestimate of $W ¥,
since wages are not directly Aected by the cost-push shoclés.
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Specibcally, we followMian and Sub (2014, Kehoe et al.(2019 and Davis and Haltiwanger
(2019 in interpreting the initial unemployment spike in late 2008 as caused by the impact

of housing wealth losses on household demand for goods and services. That initial spike
reverted slowly over the course of nine years because aggregate demand remained depressed
as households rebuilt their wealth, and the monetary authority was constrained by the Zero
Lower Bound. Altogether, we interpret the persistent unemployment rate post-2008 crisis as
largely explained by a monetary shocl§ rather than an endogenous reaction of monetary
policy to a cost-push shock,.23

Operationally, the assumptions above motivate an instrumental variable approach. Specib-
cally, we regress each of the group-specibc 12-month price inf3ation rates on the unemploy-
ment gap, lagged 12 months, and controls, using a dummy for the period of unemployment
above the natural rate post-Lehman (September 2008-January 2017) as an instrument for
the unemployment gap. The estimator takes the following intuitive form:

+ +
. ' PK|t $ Sep2008- Jan2017| E PK|t $ Sep2008-Jan2017
)= L

E ur12! Ui |t $ Sep2008- Jan2017! E ut 12! Up |t $ Sep2008- Jan2017

Abstracting from controls, the estimated Phillips curve cokcient is the dil erence between
the average inf3ation rates in the post-Lehman period relative to inf3ation in other parts of the
sample, divided by the di erence between average unemployment gaps in those two periods.
Formally, the proposed instrument isvalid so long as the error terms are expected to average
to zero over the 101 months within the post-Lehman period, and the 163 months in its
complement (including*, net of oil shocks added as controls). In other words, the proposed
instrument is valid so long as one interprets the extended period of high unemployment
after the Great Recessionithout relying on long-lasting labor or goods market distortions,

or prolonged cost-push shocks. To more comprehensively control for cost-push shocks, we
further include in the specibcation two years worth of oil-supply shocks identiPed Kyanzig
(202) and 12 seasonal dummies. More generally, we assume that cost shocks to various
inputs and/or changes in market frictions N both captured by the residuals N were short-
lived enough. This implies that they can be safely assumed not to have a long-lasting

33In particular, distortions to corporate and bnancial markets caused by the crisis were quickly resolved
given large scale government interventions (e.g., bailouts and stress tests), and the evidence does not point
to distortions in labor markets playing an oversized role in determining unemployment Buctuations over that
period (8ahin et al, 2014).
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explanatory power over the persistent unemployment gap in the years following the Pnancial
crisis.

We estimate Phillips Curve coé cients for prices and wages relevant for 'derent groups.
We also separately estimate the dierence in coé cients, allowing us to obtain comparisons
between the sensitivity to unemployment of inf3ation rates relevant for Black and white
households, as well as for the derence between wage and price inRatiéh. These are
depicted in table5.

Table 5: The slope of the price Phillips curves by race and

income.
' p.k ' pk [ p,Black
OLS v OLS v
white, low income | ! 0.27|! 1.16| ! 0.0005| ! 0.015
(0.097) (0.37) (0.0046) (0.016)
Black, low income | ! 0.27 | ! 1.15 b b
(0.097) (0.37)
white, high income| ! 0.21|! 1.06 | 0.049 0.43
(0.096) (0.37) (0.04) (0.13)
Black, high income| ! 0.26 | ! 1.50 b b
(0.13) (0.50)

Note: Estimated coet cients for the Phillips curves in equation (12)
by race and income, for absolute and relative price inf3ation (columns
2 and 3, or 4 and 5, respectively). In columns 3 and 5, the unem-
ployment gap is instrumented using a dummy variable for whether
monetary policy was at the zero lower bound at the date of interest.
Seasonal dummies and oil shocks controls a l&anzig (2021 used
throughout. Newey-West robust standard errors with 48 lags. See
text for details. Source: CPS and CPI data 1998-2019.

5.1.2 Estimates

Table 5 shows the estimated cdecients for the slope of price Phillips Curves using price
indices based on the consumption bundles ofl dirent types of households. In our estimates,
we Pnd that, in absolute value, those are steepest for high-income Black households and
least steep for high-income white households, with low-income households in between. The
two last columns show the dierence between cdecients for white and Black households
within the same income category. Under the IV specibcation, the estimates are statistically

34For those, we take the relative inRation as the dependent variable, so as to Herence out the part of the
residual which is common to the indices being compared.

30



signibcant from each other. Furthermore, the dlierence is economically sizable among high-
income households but not among low-income ones (in line with the volatility measures
summarized in Tablel).

The magnitudes of our estimated cdecients are comparable to cdecients for Phillips
Curves previously estimated using the overall price index. In line withicLeay and Tenreyro
(2020, OLS estimates are biased downward due to monetary policy seeking higher in3ation
when output is below potential. The IV estimates are at a similar order of magnitude, but
higher overall, than the ones obtained bydazell, Herreno, Nakamura and Steinssdi2022),
when using a full set of controls and instrumenting for local relative prices of tradeables.
Including shelter puts the estimates in these two papers closer togettiér.

Table 6 presents estimates of the slope of wage Phillips Curves estimated in the same way
the price Phillips Curves. The brst two columns show OLS and IV estimates. Both OLS and
IV estimates are similar, in line with equation8, which indicates that the cost-push shock

al ects wage inf3ation proportionally to the Phillips Curve cdecient.

While the wages of low-income workers appear to be more sensitive to unemployment, there
is not a meaningful racial di erence for the same level of income. Furthermore, the estimated
co€' cients are smaller than the respective price cobeients. The net & ect (shown in columns

3 and 4) is that increased unemployment has a positive (and statistically signibcant)e=t

on real wages. That net éect of unemployment on real wages is roughly similar for all
groups except for high-income Black households. For those, the nétket is about 50% as
large 3¢

351n particular, Hazell et al. (2022 bnd $ = 0.339. However, as they recognize, this value does not include
shelter. Using coarser data,Hazell et al. (2022 also calculate a coé cient that takes shelter inRation into
account and Pnd shelter inRation to be about 2.5 times higher than their previously reported estimates,
bringing their estimates closer to ours. Furthermore, asHazell et al. (2022 also recognize, their estimates
fall within the lower end of the range found by the literature.

36The low sensitivity of wages to unemployment is in line with bndings byGrigsby, Hurst and Yildirmaz
(202]). The estimates they provide use ADP administrative payroll data and are, as noted by the authors,
superior both to estimates from survey data sources and to those from#bcial administrative sources. Grigsby
et al. (2027 also provide evidence that wages of new hires are no less rigid than wages of incumbent workers
through a careful matching estimation exercise.
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Table 6: The slope of wage Phillips Curves by race
and income.

CW ok rpkp ot Wk

OLS v OLS | IV

white, low income | ! 0.19|! 0.30| ! 0.09| 0.86
(0.05) (0.10) (0.09) | (0.31)

Black, low income | ! 0.31|! 0.28| ! 0.04 | 0.87
(0.09) (0.07) (0.13) (0.39)

white, high income|! 0.13|! 0.15| 0.08 | 0.92
(0.03) (0.30) (0.09) | (0.37)

Black, high income| ! 0.24 | ! 0.15| 0.18 | 1.34
(0.10) (0.09) (0.17) | (0.56)

Note: Estimated coet cients for the Phillips curves in equation
(12) by race and income, for nominal and real wages (columns
2 and 3, or 4 and 5, respectively). In columns 3 and 5, the
unemployment gap is instrumented using a dummy variable for
whether monetary policy was at the zero lower bound at the
date of interest. Seasonal dummies and oil shocks controlsa la
Kanzig (2021 used throughout. Newey-West robust standard
errors with 48 lags. See text for details. Source: CPS-ASEC
and CPI data 1998-2019.

5.2 Heterogeneous e ! ects of accommodating monetary policy

As discussed in sectiod.5, equation (11) provides a criterion to evaluate whether a monetary
authority can reduce real income volatility for di erent groups, by allowing unemployment
to react more to supply shocks. In particular, recall

do(Yy) _ 1 Ukl wid

do(u) 4! 4 Uy 7 9

price channel
unemployment
channel

and consider that our estimation bnds tha) Pk > ) WX N so there is a non-trivial trade-ol
between the two channels. By stabilizing unemployment in the face of supply shocks, the
monetary authority reduces unemployment volatility through the unemployment channel,
but increases it through the price channel.

Table 7 shows the éects of accommodating monetary policy on real income volatility for

32



Unemployment Price Total e! ect
channel channel
White, low income 1.14 -0.86 0.28
Black, low income 2.04 -0.87 1.17
White, high income 0.41 -0.91 -0.50
Black, high income 0.75 -1.35 -0.60
All white 0.73 -0.89 -0.16
All Black 1.53 -1.06 0.48

Table 7: E! ects of reduction in unemployment volatility on components of income volatility,
(0(Y{)/0(uy)) as debned in equation11), for di! erent groups.

di! erent groups by race and incom&. The brst column shows thainemployment channel

This measures the extent to which more volatile unemployment implies more volatile real
income through each householdOs exposure to unemployment Ructuations. For an average
household, the unemployment channel is close to 1 by construction. Since the unemployment
rates for dil erent household types are dierent in levels but move in lock-step with the cycle,

the unemployment channel on income is amplibed for households that have higher average
unemployment rates (such as Black and low-income households). It follows that, for instance,
for Black low-income households, the contribution of the unemployment channel to income
volatility is more than bve times larger than for white high-income households.

The second column shows therice channel This is given by the di erence between the
slope of the wage Phillips Curve and the slope of the price Phillips Curve faced by each
household. It is generally negative, so that it countervails the unemployment channel: a
less accommodative monetary policy can brindess real income volatility, through greater
price stability. The price channel has a similar magnitude for all but one group: Black,
high-income households. These are very strongly exposed to infRation Ructuations, due to
the concentration of their consumption baskets on Rexible price goods (notably fuel).

The third column shows the Total & ect, obtained from adding the second and third columns.
The sign essentially follows income. Low-income individuals, whether Black or white, have
more to gain from a more accommodative monetary policy; on the other hand, high-income
individuals have more to gain from a policy that favors inf3ation stability.

Recent literature suggests that, as in3ation rises, the slope of the Phillips curve may also

37To compute these, we use the population shares of each subgroup in the population of working age,
and excluding households who are not Black nor white, who are multiracial, and those of any race living
in group quarters. Median income thresholds are computed nation-wide, year by year, and used to classify
respondentOs household income accordingly (where OlowO and Ohigh incomeO denote below or above the
median).
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Baseline| Slope by 2| Slope by 3
White, low Income | 0.28 -0.58 -1.44
Black, low Income | 1.17 0.30 -0.57
White, high Income | -0.50 -1.41 -2.32
Black, high Income | -0.60 -1.95 -3.30
All white -0.16 -1.05 -1.94
All Black 0.48 -0.58 -1.64

Table 8: E! ect of reduction in unemployment volatility on income volatility. The last
two columns consider how the total keect changes as the slope of the Phillips Curves are
multiplied by 2 and 3, respectively.

increase® Table 8 compares our baseline results to scenarios in which the slope of the
Phillips curve is steeper, by a factor 2 or 3. Such scenarios rel3ect the possibility of Phillips
Curves changing their slopes as inf3ation increases, output gaps tighten, or expectations
become unanchoredBenigno and Eggertsson2023. When the Phillips Curve coé cients
are twice as large, this is enough to make poor white households prefer a policy of stabilizing
inBation over unemployment. Poor Black households remain the only group that prefers
unemployment stabilization in this case, given how large their exposure to unemployment
stabilization is. Finally, when the slope of Phillips Curves is multiplied by three, all groups
prefer in3ation stabilization over unemployment stabilization.

5.2.1 Bias assessment from understating heterogeneity

Our analysis d ers several insights for decision-makers evaluating whether monetary policy
can, or evenshould be used with its distributional € ects in mind.

We Pbnd that monetary policy decisions have potentially heterogeneouseets on the real
income volatility of di! erent households, but theselects do not fall neatly along racial cat-
egories. More accommodative policy, tolerating larger Buctuations in inf3ation vis-a-vis more
stable unemployment, disproportionately reduces real income volatility for Black households
whose income is below the national median (as well as low-income white households, but to
a smaller extent). The very same accommodative policy, howevéncreasesthe volatility

of real income for Black households whose income is at or above the national median (and
white households of similar income levels, too). Richer Black households are more exposed
to both unemployment and inf3ation volatility, and the net & ect of more accommodative
policies is an increase in income instability for these households. Such heterogenebeste

38SeeForbes et al. (2022 for recent worldwide evidence. Changes in slope are consistent with menu costs
(Alvarez et al., 2019, unanchoring of expectations Carvalho et al., 2022 or non-linearities in labor markets
(Benigno and Eggertsson2024.
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are masked if we consider averages only N when we bnd barely a negativeat for white
households and a relatively sizable positive one for Black ones. The latter hides the fact that
stabilization of unemployment benebts poorer Black households to such an extent that it
masks the overall negative income volatility leect that the same policies has for richer Black
households.

6 Conclusions

Our paper addresses a pressing policy question: are there heterogenebasts of monetary
policy actions on the well-being of households of!drent races? If so, how and why?

We o er three insights in this respect. First, we note that income volatility is both a well-
accepted target of monetary policy and plausibly an important part of householdsO well-being.

Second, we note that real income volatility is laected both by employment volatility and by
Ructuations in the prices of a householdOs consumption basket. We show that Black families,
on average, are more exposed to both types of volatility than white families are. However, it
is poorer Black families who have the largest dierential on the employment margin; on the
other hand, it is richer Black families who experience the most signibcant divergence in the
volatility of prices. In other words, there is important heterogeneity in the sources of real
income volatility across levels of income, even within households of the same race.

Third, we evaluate whether such heterogeneity is quantitatively important. It is. We esti-
mate a signibcant and sizable terential between the trade-b faced by richer Black families

v. richer white families, as estimated by the slopes of race- and income-specibc Phillips
curves. On the other hand, no such derence arises for poorer families. Accordingly, ac-
commodative monetary policy N tolerating higher volatility in prices in exchange for more
stable unemployment N has heterogeneous ects for families of the same race but Herent
income levels. Black families with higher-than-median income bear the brunt of increased
price volatility (poorer Black families, instead, benebt the most from stable unemployment).
All in all, a policy that might have been advocated as disproportionately benebting Black
households ends up advantaging poor households regardless of their race (while dispropor-
tionately disadvantaging Black households with above-median income).

Our paper points out that there are signibcant racialized aspects to American householdsO
experiences of the labor market and of the goods market. Unemployment rates for Black
families are higher and more volatile than for white families, even conditional on income,
education, and several other observable characteristics. This gap is persistent and large.
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Higher volatility of prices, as faced by higher-income Black households, also has its roots in
racialized di erences in housing and consumption. All in all, we conclude that race is an
important consideration in the background of monetary policy actions, distinct from income,
education, occupation, and other factors. Yet, we do not bnd that a solution is tasking
the monetary authority to pursue unemployment stabilization more aggressively than what
targeting average unemployment would do. Indeed, Otargeting the Black unemployment
rateO would not necessarily result in muting racialized 'dérences in economic outcomes.
Instead, it would exacerbate divergence by income levels. We see this result as emphasizing
that, while race is a fundamental aspect of American householdsO economic experiences,
there is signibcant diversity among Black families, that also shapes their employment and
consumption outcomes. Because of this, our results encourage policymakers and thought
leaders interested in alleviating inequality to carefully consider the richness of socio-economic
circumstances underlying race.
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ONLINE APPENDIX

A Model

There are two periods indexed $ {0, 1}. A cost-push shock -and a monetary policy shocks+
are realized in period 1. Wages are set by households and prices by brms. There are nominal
frictions because a fraction of the nominal prices and wages are set in period 0, before

the value of the shocks are known. We focus on production, employment, and consumption
outcomes that occur in period = 1.

In order to describe price and wage in3ation between periotlss 0 and t = 1 brms and
households start out withnominal prices and wages preset at initial value$V, and Py.
Those can be understood as prices and wages relevant for allocations #0 but that are
otherwise irrelevant fort = 1 allocations.

We describe in detail the price and wage-setting decisions of households and bPrms.

A.1 Households

There are four large households, indexed lky$ {B,w} # {H,L}. Each of these households
consists of a double-continuum of workers indexed Ipys [0, 1], representing the type of labor
service provided by the worker, angd $ [0, 1] determining their disutlity from work. Within a
given householdk, all workers supplying a type of laboii change their wages simultaneously
and select a common wage. Their nominal wage is given WX (i). Workers of type s have
a utility from leisure that increases withs.

Each worker in householdk consumes the same quantitZX of a family-speciPc consumption
composite. This is a composite of varieties (indexed) produced in J di! erent sectors
] ={1,...,3} given by:

& .(!kj ) )* t ’!';71-!'!'1
Ck= c¥ , with C¥ = c¥(v) J${1..,3}.
i=1
where C¥' are the sector-specibc composites of varieti€' (v) consumed by household,
I K js the household-speciPc share parameter governing demand for composite dgo@uhd
" is the elasticity of substitution between varieties.

When specifying preferences, we allow’ , the share of goods consumed from each sector, to
be household-specibc. This captures the observation that consumption bundles atest@nt



for di! erent types of households, so that they are exposed to! drent degrees of price
RBexibility and in3ationary shocks.

Households take the price of individual varietie#l(v) within each sectorj as given.

Cost minimization i}nplies that househoigk consumpiﬂon of sectoral composité?‘l<j satisbes

C¥(v) = "pv)/P! #C'l‘J whereP] = pi(v)!' #*dv " is the price index for goods pro-

duced in sectojj . Furthermore, cost minimization also pins down the consumption aggregate

purchased from each sectdr for a given overall consumption composit€X. This satispes
Ki _ 'Pk

Cl =1K ;i—C'l‘ where now

Pr=" Tk (13)

is a household-specibc price index.

Utility for each household member is a function of consumption (which is equal for all
members) and their leisure. We assume that the marginal utility of leisure for each household
member increases in consumption. This implies that preferences satisfy the King-Plosser-
Rebelo conditions, being consistent with a balanced growth path.

g
ﬁ ck T gs)d! NK(Gi, s))dsdi,

whereN¥(i,s) $ {0, 1} is labor supplied by worker of type i s), g(s) increases withs and
# > 0 determines the risk aversion of households.

The household maximizes average utility for its members. Its period utility is therefore

*

o e
1!1# ci’ g(s)(1! N£(i, s))dsdi,

Its period budget constraint is

PXCK= NX(i,s)W¥(i)dsdi + &X.
where &K are propts distributed to households of typé. .

While WK(i) is a choice variable for the household, how many of its members work given
WX (i) is not, that is, it is constrained by the labor demand function for type of labor service
i given by NX(i):



NG, s)ds = NX(i)

Substituting equalized consumption, the constraint on hours worked and using the fact that
households will optimally choose to have workers of each type with lons(and lower utility
of leisure) work, we have that the period utility reduces to

* * * *

. 1 . S . 1 . Jae L
U(CK,NX@i)Ddi= —— CkK s)dsdi= ——— HY " (NX(i))di,
(CL,Nf(i)) 11 # 1 i Nl(i)g() 11 # 1 | (N1 (1))

+0 ! 1--1# 1
whereH(N) & I\Tg(s)ds =[G(1)! G(N)]*#, whereG is the integral ofg. Note that

H (N) declines with N .

When choo/sing wage for type of worket, they face iso-elastic residual demanbli¥(i) =

W) W 'ﬂ'f where N is the total number of workers of all types in householé in
e

demand,W¥ = W{‘(i)%ldi "' is the aggregate wage index for labor @red by household

k, and ( is the elasticity of substitution between workers providing dierent services. This

residual demand for labor is analogous tGalkd et al.(2012 and others and can be derived

from the demand of a layer of employment agency brms.

We assume that while workers of type can coordinate on their wage setting, there is no
coordination across types, so that the household tak®¥gk as given.

Worker typesi < % chooses = 1 wages int = 0, whereas the remaining types choose wages
in t = 1. Because types are uniformly distributed, there is, for each famill, a % fraction

of early wage setters and a L % fraction of late wage setters. In particular, for alli < %
householdk choosedVX(i) to maximize

)* -
Eo  U(CK NK(i))di

subject to the aggregated budget constraint

*

PYCY = NE(I)WK(@i)di+ &%

. [,
and the residual demand functiorN k(i) = WXK(i)/WK Nk, while taking the wage index
WX as given. Fori ) 9% the problem is analogous but without the expectation operator



in the objective function, since they choose wages with full information. The consolidated
household also chooses aggregate consumption 1.

We can rewrite the budget constraint as a function of employment and aggregate wages only:

*

P |
PXCk = NK@i)Y 5 NS

1
3 k
W7

For the fraction % choosing wages ex-ante, the optimal choice W% (i) is the same, as is
also the case for the fraction 1 % choosing int = 1. Denote variables specibc to early
price-setters byi = early and late price-setters byi = late. Then, the Prst-order conditions

with respect to N (early) and C¥ can be combined to get

+ 1)
( B e/ H (NX(earty)) HA(N{ (early))

W¥(early) = 01

I "
H (N (early)) " #(cCk) #
o

Eo

for the % fraction of wages selected early, ih= 0 and

( c;ll" " HH{NX(late))

(! 1 H(NKae) (ck)
PY

WE(late) =

for the 1! 9 fraction that set wages int=1, which can be simplibed to

Wi(late)  ( CKHANK(late))
PX "~ (1 1 H(NX(ate))

Debne

CYHAN (i)

K7y —
mrsi) = THNEGY

Let wk(i) & W—lkfﬁ denote real wages of type Lastly, let hatted variables denote deviations
1

from t = O values for nominal prices and wages, and perfect foresight= 1 values for
quantities.>® Then, log-linearizing the expressions above yields

39More formally, we linearized around the value quantities obtained from the model if shocks have zero
variance.



WX (early) + ' P¥ = Eo(mrsy(early) + ' P¥),

and

WX(late) = mrs;(late)

where 1+ P¥ = pX/P k (so that' P* " #,, since we are log-linearizing arount= 0 values).
We add inf3ation on both sides to account for households choosing nominal wages, taking
nominal MRS into account.

Also, note that, for both i $ {early, late},

mrsk(i) = &NX(i) + &k
=1 (& WEGQ) T WK+ &Nk + EK
&1 (&(WE(G) T WX + mrsk
where& & HAN)N/H AN) ! HAN)N/H (N) is the elasticity of the mrsOs with respect to
N close to its perfect foresight value, and the second equation follows from the labor demand

equation, and the last equation debnemrs'i, an aggregate index for the marginal rate of
substitution of household of typek.

Combining expressions, we obtain

+ b
We(early) + ' DX = By (&WX + mrsy ! (&WX(early) + ' P¥

for early wage setters,
wWr(late) = (&WX + mrsy ! (&WX(late)

for late ones.

Solving for W (i), this can be written compactly as



) ]
& mrsk + ' P i ${0,1)

wl](.(i)-l-'glk: Ei 1+(&wl+ 1+(&

The aggregate wage index satisbes (after log-linearizing)

WK = oWk (early) + (1! 9%6)WX(late).

Substituting out WX (i),

5 ) (& ) v ) (& 1 )
Wk =95 E Wk + mrsf+ ' PR R 1 9 Wk + mrs}
1 0 1+ (& 1 1+ (& 1 1 1 ( ) 1+ (& 1 1+ (& 1
which we can rewrite as
) 1 ( - 1 (
1 11 9% 1
W1 EqWk = E mrsk 1wk + Pk Pk mrsk 1 WX . (14)

1+ (& % 1+ (&

Note that, taking expectations on both sides we can verify that

Eowk = Eomrs

so the expression simplibes to

+ 1

! 11 9% 1
— v p.k v p.k k
WK1 EqWk = Eo ' PF 1 PRy % Tr@ M Wk
Note further that we can write ws = * W1 * ¥ where 1+' Y% = WL is the nominal wage
0

infRation between periods 0 and 1. It follows that wage inf3ation satisbes

11 9% 1
% 1+ (&

n Wk nw W k
’ | EO 11 -

k k
1 mrs; ! Wi



DePneN{™ & 1 wk! €k as the OnaturalO rate of employment, or the employment that
would be obtained if households could freely choose how much to work at the prevailing
wage index. IfN{‘ = Nf"‘, then mrs; = W; and wage in(&ation equals its expected (value.

More generalle/, we can verify thalN{™ ! N = 1 wi! & 1 N¥=1 w1 Ck1 aNf =

Lowkt mrsf It follows that mrsf! wk = &Nkt NM™), so that
1! % " "
1 W,k | ] W,k - k | n,k

Taking expectations from both sides, we can verify from above that early households expect
the unemployment rate to equal its natural level.

EoNX = EoNIK,

Lastly, from the budget constraint

Recall that

IlnkI Ilk_ ].I kl "k(l Ilk
so that

n n 1 + & "
PO RE= SRR

Now, givenN¥ = M(1! uf), we have thatNf = ! 1 (uk! u¥)
so that

In " 1+ &

NET N =1 T(u'{! uv)

and we can re-express the wage Phillips Curve as a function of the unemployment rate,



Wk g Wk 2 (1! %)+ &)

1 Fie @ U, (16)

A.2 Employment Agencies

Workers sell their labor to a layer of employment agencies. They purchase the varieties of
labor and aggregate them into a single homogeneous good that is then sold to Prms at a
price W

The production function is

! )* ] [s1 1
N, = Ny@{) ® di ,
k
whereN (i) is the quantity provided of variety i of labor by workers of typek.

Probt maximization implies the iso-elastic residual demand curves

P I
NKG) = WEGQ/WETNE,

+0 . y 8
whereN¥ is the total number of workers of typek in demand andwk =~ Wk(i)*s'di * .

Employment agencies cannot choose which group to hire from. Rather, they hire among
the di! erent types in proportion to their equilibrium employment. That is, Prms take the
ratios JiNk as equal to their availability in equilibrium, which can be written in terms of
the unerknplloyment ratesuk:

N¥=(@1! une

For the unemployment ratesuX, we impose the stable ratios in the data, which we take as
ref3ecting deep structural features!aecting unemployment across races:

Uz
u

c
| =

(17)

c

whereu; is the aggregate unemployment rate, and variables without subscript denote their
long-term averages.

Zero probts imply the price of the employment agency service



A.3 Final goods brms

Firms produce Pnal varieties for households and distribute probts to a separate class of
Prm owners who consume all the probts. They are monopolists who choose their (nominal)
prices and satisfy the demand for their products at the chosen price. Within each sector

i ${1,...,3}, afraction + of producers sets their price it = 0 and the remaining fraction

1! +, sets their price int = 1.

Firms use labor in production purchased from employment agency brms. They also incur
labor hiring costs, which are higher if the unemployment rate is lo#. This means that
marginal costs are sensitive to the unemployment rate over and above its impact on wages,
potentially leading to prices that react more to the business cycle than wages. The (nominal)
marginal cost of production is

MCi= €M (u! u)W,,

3
where W, = k%w{ﬂ forallj $ {1,...,3}, M#< 0. Finally, % is an exogenous
k 1
cost-push shock, capturing other sources of marginal cost Buctuations such as international
commodity prices.

. e .
Producers selling a variety face residual demand for their goods given byP{ (v)/P { * Y!,
WhereYlj is total output of good | in the economy.

When setting prices at timet, their problem can be stated as

+. f -/" # - . /l
maxE, Pi(v)/P{ "Y! Pj{(v)! MC; |,
P1(v)
where P{(i) is the price that all Prms changing prices in sectgr choose whether they are
changing early { = early) or late (i = late), and MC; is their marginal cost of production
(in nominal terms). The Prst order condition forP{ (v) (after some rearranging) is

40seeRavenna and Walsh(2008 for a model with this characteristic



) ey ) 1
0=E, PI(WPL "Y1 ("1 1)+"MC, *

P1(v)
C
) " p! Y

MC,>.
. A 1
17 g, Py

The sectoral price level is given by

Pill#

o /1 R
=+ Plearly) " T+ @1 +) Pi(ate) " 7.

Using lower case to write the expression above in real terms (delRating by sector-specibc price
index P! and using 1+'} = PI/P/,

; oy =
" Y] , ,
PL(V) = 0 3;/#1],(1+'1)md1>-
: Ev 1 Y1

Using hats to denote log-deviations fromh=0 and ' ‘1 = g— for inRation in sectorj, we have
0

+ 1 . ' . .
= HE M+ L (L1 ) whd

From the expression for the nominal marginal costA.3), we have that

! .
WMo, = %1, (u! uy+ <
k
where, = M %M is the semi-elasticity of hiring costs per unit produced with respect to the

unemployment rate andn* & N*/N is the steady-state ratio of workers of typex.

Recall that Eq(u; ! u}) = 0. Also, assumingEqy* = 0, it follows that

! .
Eoac, =  nfEo' VY*1 Eg' ).
k
It follows that

10



4 5
! !

R e (B SR (PR R (18)
K k

Using the expression for the household-specibc price ind&®)( we can obtain the household-
specibc inf3ation rate

4 4 55
P gkd= K kg Wk H) 1 (Ul uy+ ke WK
i j k k
(19)
Firms generate probts, which are distributed to households proportionately so that house-
holds of typek receive a fractionf ¥ of probts:

k&K = £X&b (v) +{k,j,v}

A.4 Monetary Policy

The Central Bank trades ¢ inf3ation and unemployment. In particular, the Central Bank
follows a general monetary policy rule

Skepk— T kg g1 g,
k k
where$; is a contractionary monetary policy shock. The Central Bank trades! oa weighted
average of inRation rates experienced by !drent types of households against a weighted
average of their unemployment rates.

Given

' (
In equilibrium, unemployment rates are proportional to one another%&— = 2, so that the
rule simplipes to

PR =gug! u)! %,

k

3
with $ & = U K,

11



Using the household-specibc price Phillips Curve&9q) derived above, the monetary policy
rule can be expressed as

? @

! L N ! : : ! . .
MM HE V@ H)y o= s+, Sk @r Hy (udu) SR H)m) g,
Kj kj Kj

3
where' )V & ~ nk' \1’\’"‘. Applying the wage Phillips Curves and rearranging, this simplibes

further to (using the fact that = ;! ¥ =1 and normalizing ~ | -*=1)
? 4 | 5 | @ |
$+ L+ WK g k@ d) (gl uy= B ey SN )+ g,
k# Kj Kj

where) Wk & 1;6"/5 —1 is the co¢ cient for the wage Phillips Curve (6) with aggregate

unemployment substituted for group unemployment.

The expression above can be written more compactly as

A
U1!U:'Eo'l +?’dk'_l+l$1!

with

? 4' 5I @,

I ’+' nk#)w,k# #' _k!kj(]_! +j)
K kj

and

I
%= Skpkar 4y,
Kj

Taking expectations on both sides and recalling thaq(u;! u) = 0, we have thatEy' }V =0,
allowing the expression to simplify further to

uq ! U:(yd‘1+$1, (20)

12



where, for notational simplicity, we renormalize$ = ' &, and * = & _ and % =

3 | " : o . )+ kN
: Ky Wy — O+ nfsWkgoskkiar )
oM T e

Note that % $ {0, 1}, and declines with$, the weight given to unemployment Ructuations
in the policy rule.

A.5 Solving for Equilibrium In3ation and Unemployment
A.5.1 Solving for expected sectoral and wage inf3ation

From above we have

!
EO nk' }_Nk =0.
k
So that, in symmetric equilibrium with EqWX identical for all k, we have that WX = 0.
Furthermore, taking expectations on both sides of the price Phillips Curvel8), we have
that, sector

E0-11: I"]kEoI ¥V,k =0.
k

3 o
We also have that' Pk = ! Ki*1 so that

Eol Pk = O

A.5.2 System Reduction and Aggregation

The system has a recursive structure, With‘l’v’k I Eo' ‘1"’"‘ depending on deviations between
unemployment and the natural rate for each group ant¥ | Eo' ¥ depending on both that
and ' }'*1 Ey Y*. We can use that structure to write inRation for each group P* as a

function of the aggregate unemployment rate.

In particular, employment agencies hire workers proportionately to their groups, so that
uk/u® = uy/u, where we drop thek superscripts to denote aggregate unemployment rates.
It follows that the wage Phillips Curve can be written compactly as

PR By R = )y Wk(ugt . (21)

13



where

wi g (1! %)(1+ &) uk
) %1+ (&) U

Furthermore, from equation (L6) and u¥! uk = %(ul I u), we have that

4 | 5

E @) mrGr s YU )
k

We can also rewrite the sectoral Phillips Curves more compactly as

= )P (ug! ul %),
where 4 | 5
JPI=(@ 4 L+ e
k
and
- 3*'_1
T k) Wik

Lastly, inf3ation for group k is given by a weighted average of in3ation in each of the sectors:

|p,k_ IkJIJ
1 ' 1

so that

=) PRy ul Ry, (22)

3 o 3 13 :
where) Pk & = 1K) = 2+ 7 pl) Wk T i@ 4,

14



A.5.3 Equilibrium inBation and unemployment

We can now write equilibrium price and wage inf3ation as a function of shocks. In particular,
given the monetary policy rules pinning dowmu;! u as a function of shocks through equation

(20), and the wage and price Phillips Curves (equation2() and (22), respectively) we have
that

BB LA (AR LR

and

=) W+ ).

Now we can debne real labor income for household in groki@as

Y[ = Vg—llil(le = VF\)I—lklk(l! uf)
so that we can approximate
Vo= R e (uf )
=I¥'k! i 1!1ukuUk(u1! v $ %
=1 ) Wkopt ) Pkl o1 ujkl,—luk L)Wk oy ek ukl!luk $

15



B Second Order Approximations (proof of Proposition
1)

Proposition 1 describes properties for a second-order approximation for the income variance
and welfare approximation.

As a preliminary, consider’V : R' R andf : R' R to be twice dil erentiable. Let*6be a
random variable with E® = 0 and E¥ = 1, where E is the expectations operator. LeD > 0
be a scalar. LetdV €06 = Vv g¢6-) 1 v 00 pe the change inV associated with
a change in0 away from zero for any giverr 6Then, using a second-order Taylor expansion
around 0 =0,

)

AN . / 17 Iy v
dEV €0 = Edv () = E VT H0+ o VHET, ¥ 02
+ %Ev#eff_z( #°0°
1, .
+ %E Vi f.( ~( ¥+ f.. 0% + 0(03)
1

1. 2
=3 VA + v’J (F. )2+ V*(E . +f..) €0%+ 003

where for notational simplicity, we omit the arguments of , V and their derivatives when
evaluated at0 = 0, and O(03) denotes all terms that decline withO at a faster rate than03.
Further, the Prst equality incorporates the fact shown byschmitt-Grohe and Uribe(2004
show thatf. = f_ . =0.

Furthermore,

: ] /
dv E€C0) = VEEf *0 + %v## Ee'f. ® 02

1 1
+ EV#Eef (F.)?*20%+ EEv#ef (F. . +f..)8%0%+ O(0%
1

1 2
=§v# (F )2+ +f €02+ 0(0%

So that, combining the expressions and usirg®= 0 and E¥ =1,
. L . VA | /
dEV &6V = gv B e 4 Sy Ly 202+ 0O(0%)

16



: / . / . /
SinceEV €00 =v E0O =v 00 we can write this more simply as

. N . N /
EV €(6) =v EeC6) 4 %v## et 202+ 0(0%
Variance  For any f (0, 0) the variance ofé ¢ 6-) is given by

: . : . . N
var ef('c’")/ = E 06 ?) g2igten)

so that, taking a second order approximation aroun@ = 0 (in which casevar € 6-)" =),

: L . N . LM
var 00" = g0 2 g'EECO 0 2+ 0(0%)

Applying the formula above with V(x) = x?,

: NIV /
var €0 = "df %02+ 0(0?)
Note that since, in the absence of monetary shocks, all variablestir 1 are functions only
of the realization of*;, we can write YX = & " (+-) with *; = 02#,. It follows that

£ =17(0,0)**, so that EY} = 0 and var(Y}) = fY(0,0) ?. It follows that

var(vk(1,00 = Y¥ 2var(¥ + 0(0%,

or

S e 0%
var % = var(Y{) + 0(0%),

where Y = Y[X(0, 0) proving the brst part of the proposition

Utility ~ Noting that Nf(i) may di! er whether the corresponding wages are set early or
late, we can write the household utility as a function of, as

ur”
10 #

V(U) =

17



where

$ * %
U=u C{(*), Nf(i,s)(*)dids = u(Cf(*),# N (*))= C{(*)H '#'i(*)Ni‘(*)/
and
? 3 %. . $ % @
keey - ok Wi(early)(*) oy Wi(late)(*)
#X(*)= % 1V\/T +(1! %) W

. . I
Let fU(*,0)=log u CX(*,0),H #X(*,0)NK(*,0) . Then, from above we can write

dEv'ef“<(">/ ! dv'Eef““f)/ = Ly ef“(°'°)f<“/202+ 0(0%)
2

o
! %#v f& 202+ 0(0%)

Also, we have that

u./C uy /N+uN/#

u U

where, again, to save on notation, we omit the arguments of the functions, all of which are
evaluated at ¢,0) = (0, 0).

Further, we can verify that #% = 1 since in that caseW<X(early) = W¥(late) = WX and
% = 0., so that the expression simplibes to

w/C, i /N

u e — —_—
f((o)_u/* u /*’

From the household budget constraint, we have that

CI(*) = WE()#1(*INL(*)

so that, again noting the properties of#

18



[ CKk [ wk

W/ N§
/* /* 1

N+ w s

Using this to substitute out % in the expression forf “(0) and noting that uy < 0 we can
write this as

$ %
UCK 7 Inwk WKt B/ InNK
+

u [* WK [*

fu%0) =

wherel & “lj# is the perfect foresight value of leisure in terms of consumption for household
k. Thus, utility rises with wages and with employment to the extent that wages are higher
than that value. SinceY = Ck = wkNf, We can also rewrite this as

$ %
uCk "/ InYy B/ InNy
u x0T owk [*

t10) =

Lastly, given that U(C,N) = CH(N), we have thatu,C/u =1 and it follows that

$ %,
ceu ! e cuem! # /1 InYK B/ InNk
dev & O 1 av Ed O =1 vV L KT L 0%+ 0(0%
Adopt the notation
" _ / |n Ylk* _ #*
t— /* - fY
etc to rewrite the expression as
$ %

. / . /
dEv €0 1 dv E€"C0 # W
V; =1 Eval’ Yt ! WNt + 0(03)
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